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Anaconda looks inside
the earth to keep its
metal output growing.

This three-dimensional geological model is désigned
to help Anaconda geologists visualize what's under
the earth’s crust. They use all the t ":n%tech-

niques of modern geology, geophysics, and geo-
chemistry in preparing maps and models lik

& this.
Backed by the many y ‘of Anaconda basic

log-

ical research, t nalyze results to evaluate com-
mercial s cance and develop the best method of
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mining the ore body. The goal is to keep Anaconda’s
production capabilities ahead of the demand for met-
als. To achieve this goal, Anaconda is intensifying
its program of laboratory and field research at geo-
logical headquarters throughout the hemisphere.
This will provide a broader base for Anaconda’s
growth, and more copper for our expanding popula-
tion.The Anaconda Co.,25Broadway,N.Y.,N.Y.10004.
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What in the world

IS Raytheon doing on
the CAMPUS?

For one thing . . . providing textbooks which have been studied by one out of every three
Americans! D. C. Heath and Company — newest member of Raytheon’'s growing Education
Division — has produced more than 195 million textbooks throughout its proud 80-year his-
tory, texts which encompass subjects from kindergarten level through graduate school. Heath
also produces classroom films, audio and video tapes and learning kits which complement
other products of the Education Division — products ranging from live biological specimens to
complete language laboratories. By close cooperation with educators and through the creative
use of a systems approach, Raytheon is rapidly moving toward its goal of becoming a leading
supplier of the widest possible range of fully coordinated learning resources available to the
educational community. Raytheon Company, Lexington, Massachusetts.
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REGENT

findings

RESEARCH LABORATORIES

Much of the present knowledge of the ease of formation
and chemical reactivity of free radicals and atoms has
been obtained from kinetic studies of chain reactions in
which these species occur as reactive intermediates. A
free radical species of considerable interest in many
arcas of chemistry is the phenoxy radical. One system
in which phenoxy radicals are generated as inter-
mediates is the free radical initiated liquid phase oxi-

dation of hydrocarbons containing trace amounts of

phenolic compounds.

Work at Ford Motor Company Scientific Laboratory
has revealed that the kinetic equations which describe
the rates of oxygen absorption of liquid hydrocarbons
containing phenols are of two types. The rate of oxygen
absorption observed when hindered phenols and hydro-
quinones are the additives is directly proportional to
the ratio of hydrocarbon to phenol concentration and is
also first order in initiator concentration. This expres-
sion is consistent with a competition between the hydro-
carbon and the phenolic compound for the chain carry-
ing peroxy radical. The phenoxy radical formed then
rapidly terminates or, equivalently, is incapable of any
other kinetically significant reaction.

In contrast, an entirely different kinetic behavior is ob-
served with all other phenolic compounds investigated.
Ata constant concentration of hydrocarbon and phenolic
compound the rate of oxygen absorption is proportional
to the one-half power in the initiator concentration. As
shown in figure 1 the dependence of the rate on the
phenol concentration cannot be described by integral
orders throughout a wide range of concentrations. The
data may be fitted (solid curve Fig. 1) to a general rate
equation derived from a kinetic scheme which includes
the chain restarting reactions of the phenoxy radical.
Under these conditions there are two chain carrying
radicals. At low concentrations the predominant chain
carrying radical is the peroxy radical while at high con-
centrations of the phenol the phenoxy radical is the
main species. The parameters obtained from this analy-
sis have vyielded previously unavailable information
regarding the rates of formation, hydrogen abstraction
reactions and modes of destruction of phenoxy radicals.

These parameters have then been analyzed in terms
of the energies of the highest occupied molecular orbitals
(HOMO) of the phenoxy radicals as calculated by the

PROBING DEEPER FOR BETTER

" moles-liter " war

Kinetic study of reactions
of peroxy and phenoxy radicals in
hydrocarbon systems yields
previously unattainable information.

Hiickel technique. One such correlation is presented in
figure 2. Tt is seen that the log of the rates of hydrogen
abstraction by the peroxy radical from the monohydro-
xyphenols is linearily related to energy of the HOMO
of phenol. A similar correlation is obtained for the di-
hydroxyphenols. The relative rates of peroxy-phenoxy
radical and phenoxy-phenoxy radical termination are
also found to be extremely sensitive to structure; a
variation of 103 is observed in the relative rates of these
processes. Again, this effect may be correlated with the
energy difference in the HOMO of the phenoxy and
peroxy radicals.
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Figure 1. Rate of oxygen
absorption versus concen-
tration of 4-methoxyphenol
fora chlorobenzene solution
containing 0.099 M 9,10-
dihydroanthracene and
0.0031 M 2,2', 3,3'-tetra-
P phenylbutane at 60.0 C.

k +
s
Log =2
9%, | ‘

20

Figure 2. Correlation of the log of the
relative rates of hydrogen abstraction from
phenols by peroxy radical versus the energy
of their highest occupied molecular orbitals.
The dark points are dihydroxy compounds
and the unshaded points monhydroxy 0[‘;— N R TR
compounds.
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. . now even greater. The new
LAB 80 Mark II has an oversized,
cast, dynamically balanced turn-
table, with an adjustable counter-
balanced tone arm made of
aluminum and wood for low
resonance. Stylus pressure is ad-

justed with fine precision by
quarter gram click settings. The
built-in hydraulic cueing control
is automatically activated. An ad-
i anti-skating control
soutdamaging side pres-

rord grooves, Garrard's

newly refined center drop spindle
eliminat all over-arms and en-
cumbrances. The LAB 80 handles
from one to eight records safely,
gently, and fully automatically
when desired. The famed Garrard
4-pole shaded motor is isolated by
rubber damping pads. top and
bottom. With such refinements as
at %0950 (less base and

+AB 80 is the finest

turntable available

today regardless of price. For
complimentary copy of new Com-
parator Guide, write Garrard,

THE COVER

The peculiar apparition of a bespectacled man on the cover is a thermo-
gram: a picture made by infrared radiation. Thermograms can be made by
several different kinds of thermograph; this one was produced by the Evap-
orograph of Baird-Atomic Incorporated. Other kinds of thermograph are
being used experimentally for the purposes of medical diagnosis (see “Med-
ical Thermography,” page 94). The image shown on the cover appears on a
thin membrane of nitrocellulose on which a film of oil is condensing. When
an infrared image is focused on the “back” side of the membrane by a ger-
manium lens, the oil tends to condense less at the points in the image where
the radiation is more intense. Viewed in white light from the “front” side
of the membrane, the various thicknesses of oil give rise to interference col-
ors like those of an oil slick in the sunlight. In the thermogram on the
cover the blue areas are coolest, the purple areas warmer, the pink areas
still warmer and the yellow areas warmest. The man’s glasses thus appear
blue. The top of his head appears warm because he has a very short haircut.

THE ILLUSTRATIONS
Cover photograph by Sol Mednick

Page Source Page Source

28 Jo Ann Beechel 80 Michigan State University
29 Quaker Oats Company Photographic Laboratory
30 Jo Ann Beechel 81-83  Allen Beechel

31 Bunji Tagawa 87 United Aircraft Research

32-33  Food and Agricultural Or- Laboratories
ganization of the United 88-90  James Egleson

Nations. . 91 Richard Hopkins (top),
34-35 N.W. Pirie Melvin Jackson (bottom)
37 Joan Starwood 99 James Egleson
38 Dan Todd (top), Joan 94 Roy DeCarava

Starwood (bottom)

95 Jacob Gershon-Cohen

39 Joan Starwood 96 R DeCar (top)
40 Dan Todd (top); Law- oy i o

rence Radiation Labora- Bunji Tagawa (bottom)

tory, University of Cali- 97 Jacob ) Gershon-Cohen
fornia (bottom) (top), Eric Mose (bottom)

41-43  Joan Starwood 98-99  Jacob Gershon-Cohen
45 Norman Prime. U.S. Geo- 100 Warren Zeph Lane, Nor-

logical Survey walk Hospital (top); Jo
46-53  Eric Mose Ann Beechel (bottom)

102 Bunji Tagawa

54 U.S. Geological Survey 104-106 D. D. Kosambi
62 Michel ]ouvet' 107 D: D.. Kosambi (top), Vie-
63 Th.omas Prentiss toria and Albert Mu’seum
64-65  Michel ]ouvet. (top l?ft), (bottom)
Enomas ovntiss (0PTIghE 108 Enid Kotschnig
66 Joan Starwood 109-114 D. D. Kosambi
67-72  Thomas Prentiss 116-120 Jo Ann Beechel
76 Michigan State University 122-123 Ben Rose
Photographic Laboratory =~ 124-127 Roger Hayward
78-79  Allen Beechel 128 Ben Rose
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American Bosch
uses Allen-Bradley Oriented Ceramic Permanent Magnets...

because of their uniformity in staying within specifications,
and delivery schedules—though tight—are kept!

#

g
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American Bosch
permanent magnet motors
are used for...

power windows electric windshield wipers power seats

m Allen-Bradley’s quality control procedures assure Properties of typical Allen-Bradley ceramic permanent magnets
the continuously uniform properties—both electrical ENERGY PRODUCT BaHax 108 5 5% o

and physical—that are essential to profitable large =SESISEZEZIEEE I e e HEE ]
volume motor production. The most modern manu- { —— DE’EB/;AéN!E_TIZ-ﬁTION SSSSS=S=====! < as
facturing facilities in the hands of technically experi- CURVES FOR T=25% ==

enced craftsmen produce the highest quality, radially N e

oriented ceramic‘ permanent magnet segments that NORMAL :

are presently available. Lo =,

Allen-Bradley ceramic permanent magnets can be
furnished for a wide range of motor sizes—from 34"
diameter up to a 10 hp motor rating. They are avail-
able in a variety of types—having different properties
—to satisfy your specific requirements. A-B application
engineers will be happy to consult with you in develop-
ing your dc motors for maximum motor performance.
Allen-Bradley Co., 1204 S. Third St., Milwaukee, Wis.
53204.In Canada: Allen-Bradley Canada Limited. Ex-
port Office: 630 Third Ave.,N.Y.,N.Y., U.S.A.10017.

SEsEE

B-(KILO -GAUSS)

H-(KILO-OERSTEDS)

ALLEN-BRADLEY

QUALITY MOTOR CONTROL
QUALITY ELECTRONIC COMPONENTS

866-3ABP
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This was only
1/1000th of the job.

It's a ten-foot section of a linear electron
accelerator recently completed at Stanford
University, Palo Alto, California. The entire
unit runs 10,000 feet—almost two miles.

The accelerator compares to an electron
microscope and will permit highly refined
exploration of the atomic nucleus. Basically it's
made of pure copper tube 4 inches O.D.

Fabrication of the tube presented a monumental
machining challenge. Each section is
composed of copper cylinders 4 inches in
diameter and 1 inch long, and copper disks
4 inches in diameter, V4 inch thick.

According to Ben Stillman, machine shop head
at Stanford, only diamond tools could do

the job properly. Finish-machining copper
with metallic tools would have been difficult,

if not impossible, because of the high
abrasiveness of copper. Surface-finish of

both inside and outside diameters were
machined to less than 16 millionths of an inch
in roughness. This can ably be achieved

with diamond tools.

But you don’t have to make 10,000-foot-long
electron accelerators to take advantage

of diamond tools. Manufacturers and metal
fabricators are finding that diamond tools often
make tough jobs routine. That's why

diamond grinding wheels, dressing tools

and lapping compounds are being used

more and more widely.

Are you frightened by the cost of diamond tools?
Forget it. Because if you cut, sharpen,

grind or smooth anything, you can probably use
diamond tools profitably. Your tool and

wheel maker can show you how. Or write to
this magazine for more information.

De Beers World’s leading source
of natural and synthetic diamonds

for industry . . . backed by
the Diamond Research Laboratory

Shannon, Ireland 2
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LETTERS

Charles F. Powers and Andrew Rob-
ertson say in their article “The Aging
Great Lakes” [SCIENTIFIC AMERICAN,
November, 1966]: “We still know far
too little about the complicated proces-
ses that are under way or about what
measures are necessary to conserve this
great continental resource. Obviously
the problem calls for much more study
and for action that will not be too little
and too late.”

They will be interested to know that
the Canadian and U.S. national com-
mittees for the International Hydrologi-
cal Decade have joined to sponsor an
International Field Year on the Great
Lakes as part of their IHD program.
The Field Year will be 18 months long
(April, 1970, through September, 1971)
and only one lake, probably Ontario, will
be studied. The Steering Committee for
the Field Year, composed of four Ca-
nadian and four American scientists, has
outlined a program and a schedule.

The IFYGL program has four primary
interests: (1) atmospheric water budget,
(2) surface- and groundwater budget,
(3) energy balance and (4) major circula-
tion patterns. The Steering Committee
recognizes that its program is restricted

Scientific American, February, 1967; Vol. 216,
No. 2. Published monthly by Scientific American,
Inc., 415 Madison Avenue, New York, N.Y. 10017
Gerard Piel, president; Dennis Flanagan, vice-
president; Donald H. Miller, Jr., vice-president
and treasurer.

Editorial correspondence should be addressed to
The Editors, ScienTiFic AMERICAN, 415 Madison
Avenue, New York, N.Y. 10017. Manuscripts are
submitted at the author’s risk and will not be
returned unless accompanied by postage.

Advertising correspondence should be addressed
to Martin M. Davidson, Advertising Manager,

ScienTIFIc  AMERICAN, 415 Madison Avenue,
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ager, SCIENTIFIC AMERICAN, 415 Madison Avenue,
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Offprint correspondence and orders should be
addressed to W. H. Freeman and Company,
660 Market Street, San Francisco, Calif. 94104.
For each offprint ordered please enclose 20 cents.

Microfilm correspondence and orders should
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films, Ann Arbor, Mich. 48107.

Subscription rates: one year, $7; two years, $13;
three years, $18. These rates apply throughout
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to selected physical aspects of Great
Lakes hydrology and will welcome op-
portunities to cooperate in coordinating
its program with studies involving chem-
ical and biological aspects. It also will co-
ordinate its efforts with studies of other
physical aspects not included in the pro-
gram. Some coordination with the Inter-
national Biological Program is probable.

The tentative schedule calls for plan-
ning and feasibility studies through 1967,
preoperation studies and project design
through 1968, instrumentation and com-
munication testing and coordination
through March, 1970, the 18-month pe-
riod of data collection through Septem-
ber, 1971, and data analysis and report
preparation through 1973.

We have reason to hope that the Field
Year will provide an impetus to studies
of the Great Lakes. The development of
the scientific understanding of their phe-
nomena is basic to any plans for their
management.

L. A. HEinDL

U.S. National Committee
for the International
Hydrological Decade

Washington

Sirs:

Genko Uchida’s informative article
“Technology in China” [ScIENTIFIC
AMERICAN, November, 1965] is unfortu-
nately flawed by a grossly misleading
projection of economic growth based on
an untenable parallel with Japanese eco-
nomic development. Uchida compares
China’s present income per capita of
$100 or less with that of Japan in 1945,
and therefore projects a growth of Chi-
nese income per capita to $500-$600
(the present Japanese figure) in 20 years
or so. But in 1945, as everyone knows,
Japan was not producing at all. That was
the year in which World War II ended,
and in which both Japanese industry
and agriculture were either damaged or
paralyzed by the lack of transportation,
power and so on. Japan’s per capita in-
come in 1945 was less than a third of the
income of the prewar years. Although it
is difficult to adjust these figures for
changes in the purchasing power of the
yen and of the dollar, Japanese prewar
national income, not even counting the
boom period of the 1930’s, had reached
between $250 and $300 per capita.

By 1945 production had fallen off,
practically to zero in manufacturing. But
not only was most of the existing plant,
while not producing, in a state in which
it could resume production very fast;

© 1967 SCIENTIFIC AMERICAN, INC

within five years most of the war damage
had been repaired. But also the true
“factors of production” in a modern
industrial society, technological knowl-
edge, experienced managers, adminis-
trators and technologists, skilled and
trained workers and so on, were largely
intact, had indeed probably been sub-
stantially augmented during the war.

If present-day China is to be com-
pared to anything, it would seem, there-
fore, to be the earlier Japan, the Japan
that began to modernize 100 years ago.
And even though 19th- and early 20th-
century Japan had shown some of the
fastest growth rates on record, it took
at least 50 years, from the mid-1880’s to
the mid-1930’s, for Japan’s per capita
income to grow from $100-$125 to
$250-$300 per year. This, rather than
the 15 to 20 years Mr. Uchida projects,
would therefore appear to be the
“catching up” period one should expect
for China, assuming that she is capable
of paralleling the Japanese performance
in becoming an industrialized country.

There are other dubious assumptions
in Mr. Uchida’s economics. Between
1945 and today, for instance, Japan has
had a remarkably low rate of population
growth; the lowest for any major non-
white country. While Chinese figures are
not known with any certainty, they are
believed to be among the highest in the
world today, and probably even a good
deal higher than the Japanese popula-
tion growth in the 19th and early 20th
centuries. The Japanese advance, 100
years ago, and then again 20 years ago
after World War II, was above all based
on a very fast increase in agricultural
productivity, both times released by re-
forms in land taxation and land tenure,
which greatly increased the incentives to
the individual farmer. If anything like
this has been happening in China, it has
not yet shown itself in harvest figures, in
sharp contrast to the Japanese experi-
ence in both, where tremendous in-
creases in agricultural yield followed
immediately on the reforms of the 1870’s
and the 1940’s. Also it would seem very
doubtful that China today actually has
more modern technology, more tech-
nologists and more modern industrial
equipment at her disposal than China
before the Communists took over. While
the present Chinese regime has been
able to attract and to put to productive
work a technological elite, very large
numbers of the technological “middle
class,” the production engineers, works
managers and so on who were at work
in pre-Communist China, have appar-
ently emigrated and are today working
in Taiwan, Hong Kong and Singapore,



which may be the major reason behind
the tremendous economic expansion and
rapid industrialization of these three
non-Communist Chinese economies.
Similarly, China, before the Commu-
nists, acquired each year a much larger
stock of foreign machinery than she now
seems lo produce, if the figures for truck
and locemotive production given by Mr.
Uchida are representative. Again, the
comparison with Japan may be instruc-
tive. It was the tremendous increase in
the yield and production of two agricul-
tural commodities, silk and tea, in 19th-
century Japan that gave that country a
capacity to import machinery on which
its expansion largely rested. In contrast,
China today has become a net importer
of agricultural commodities.

I do not intend to belittle the Chinese
achievement or to deny the possibility
of rapid Chinese industrial growth. But
if the Japanese experience is to be used
as a prototype, very rapid growth of the
Chinese industrial economy, and partic-
ularly of the Chinese national income
and standard of living, would not appear
exceedingly probable.

PETER F. DRUCKER

Graduate Business School
New York University
New York, N.Y.

Sirs:

In my article I did not compare the
present Chinese economy with the Japa-
nese economy in 1945. I compared it
with the Japanese economy in 1950.
This is stated on page 45 of the article.

At least one well-known Japanese
economist, Shinichi Ichimura, believes
that the average per capita income of
Japan in 1950 was equal to its prewar
peak of 1938. Accordingly I believe that
to use 1950 as a starting point in my
comparisons was not unreasonable.

There are, however, many estimates
of the Japanese per capita income at
various times. My colleagues and I are
now working on a detailed study of the
development of industrial technology in
Japan. This study, which will be com-
pleted next year, may help to clarify the
relation between economic growth and
industrial technology in Japan.

I have no comment on Mr. Drucker’s
other remarks.

Gexko UcHIDA
Ministry of International

Trade and Industry
Tokyo

THE MOST ACCURATE

VOLTMETER EVER MADE

4

JOMN FLURFE MPFG

69

L L
< DC DIFFERENTIAL VOLTMETER

® 5
i
ca ™

With an accuracy of +0.0025% and no last digit uncertainty,
the new Fluke 885 DC Differential Voltmeter is the world’s most
accurate voltmeter. It is also the first truly portable laboratory
standard.

Other features include maximum meter resolution of 0.1 ppm.
Thirty seconds after turn-on, the voltage reading is within
0.0002% of final reading. Peak-to-peak reference stability is 15
ppm for 60 days. Ground loops are completely eliminated when
the battery powered version is used. Price is $965 for the line
powered instrument and $1095 for the battery powered unit.

Uncommon standards laboratory performance in portable
instrumentation should surprise no one familiar with Fluke.
Surprised or not, if you’d like to know more about the new Model
885 as well as other advanced solid
state differential voltmeters, we
would be pleased to forward com-
plete data. Please address Box 7428, FLU KE
Seattle, Washington 98133.

See us at IEEE booths 2C02 and 2C04.
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Introducing a

*90,000 computer
that can end up
costing you

*900,000.
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There are three things to remember about Sigma 5.

First, it is multi-use, like its big brother Sigma 7.
It does foreground real-time control, background
general-purpose computation, and high-speed
input/output. Simultaneously.

Second, Sigma 5’s central processor is so power-
ful and sophisticated that it works even more
efficiently with $500,000 worth of memory, periph-
erals and options than it does in its basic $90,000
configuration.

Third, Sigma 5 grows without fuss. Everything
is modular — memory, input/output processors,
peripherals, central processor options, software.
Each upward transition is simple and logical until
you reach Sigma 5’s limit. Then if you want to keep
on growing, just substitute a Sigma 7 CPU and
behold! You have a Sigma 7 time-sharing system.

Two computers aren’t better than one.

It no longer makes economic sense to have dif-
ferent computers for different kinds of jobs.

Sigma 5 will control your plant, do your scien-
tific and engineering computation, and look after
your accounting and inventory. All at once.

Nobody will have to stand in line. Everyone will
be protected against loss or interference. Sigma 5
can deal with foreground real-time interrupts in
6 microseconds without losing control of any of its
other jobs, yet every background user will get his
answers faster than he needs them.

Nobody loves a lazy computer.

If your Sigma 5 ever has an idle microsecond it
will be your fault.

Sigma 5 doesn’t stop computing to wait for input/
output. It doesn’t reserve idle capacity to take care
of on-line peaks.

Instead it dynamically and very rapidly shifts
from one task to another in order to keep all its
power working all the time. Input/output is man-
aged independently by one built-in and five optional
I/0 processors, with up to 160 automatic I/0
channels.

The bigger the better.

One reason why Sigma 5 gets more efficient as
it grows larger is that when memory modules are
added interleave and overlap occur. This not only

increases the effective speed of the central proces-
sor but raises input/output capability too.

Sigma 5 won’t wait for software.

Sigma 5 is program-compatible with Sigma 7.
The software for both has already been developed
and is being delivered now with Sigma 7’s.

So you won’t have problems with new and untried
software. And you won’t have to wait either.

Sigma 5 software is modular like the hardware.
As your Sigma 5 grows the software grows too, in
natural, simple, logical steps.

Software for Sigma 5 includes Basic Control
Monitor, Batch Processing Monitor, three ASA-
compatible FORTRAN IV compilers including a
high-efficiency version, Symbol Assembler, Meta-
Symbol Extended Assembler, SDS COBOL 65,
Sort/Merge, and a library of mathematical, busi-
ness and utility routines.

All Sigma 5 software is multi-use.

Here are some numbers.

Basic memory cycle time of 850 nanoseconds is
reduced as overlapping of memory occurs.

32 memory sizes, from 4,096 to 131,072 words.

Memory uses 32-bit words, is addressable and
alterable by 8-bit bytes, halfwords, words, and
doublewords.

16 general purpose registers, expandable to 256.
All memory is directly addressable without base
registers.

8 automatic I/0 channels in CPU, plus 5
optional I/0O processors, either multiplexor IOP’s
(500,000 bytes/sec.) or selector IOP’s (37 million
bits/sec.) in any desired combination.

224 levels of priority interrupt. Priorities auto-
matically recognized without program intervention.

How soon?

Order now and you’ll get your Sigma 5 (with
software) in August.

what you can afford now and
Growing with Sigma 5 is S D s

You can order the exact configuration that fits
your needs. Or if you have budget problems, order
plan to add modules as more

funds become available.

almost painless. All you feel is @ g5 tific pata systems,
slight twinge in the pocketbook. santa Monica, California
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Paper that

won't burn at 2,200 F!
... Riegel does it
with Geramics

If ceramics can be produced as fi-
bers, why can’t they be made into
lightweight,flexible paper?This ques-
tion was put to Riegel by Babcock
and Wilcox who produce the fibers.
They visualized such a material for
lining troughs handling molten met-
als, insulation, gaskets, and filters. A
Riegel research team, utilizing our
unique pilot-plant facilities and ex-
perimental paper machine, came up
with the answer: Kaowool* Ceramic
Fiber Paper.

Almost 100% ceramic fiber, the new
paper is felt-like, has low conductiv-
ity, withstands temperatures in ex-
cess of 2,200 F while retaining high
dimensional stability. It's economical
because it's produced on a paper-
making machine...with Riegel's cus-
tomary close quality control.
Riegel's capability in functional coat-
ings, impregnations, and specialty
papermaking canhelpyoufindbetter
materials for your products, for your
production, for your packaging. Bring
us your ideas and needs in confi-
dence. Riegel Paper Corporation,
Box 250, Murray Hill Station, New
York, New York 10016.

*Registered trademark of Babcock and Wilcox
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FEBRUARY, 1917: “Now that Ger-
many has thrown overboard the pledges
which she gave the United States after
the sinking of the Suffolk and has cast
all considerations of humanity to the
winds, the United States has been
brought as close to the possibility of war
with Germany as the eyelid is to the eye-
ball. It seems to be generally assumed
that if, as the outcome of Germany’s sub-
marine policy, there should be war be-
tween the two countries, it would be
ushered in by some formal declaration of
war. On our side it might be, but we are
fully convinced that the only declaration
of war which Germany would ever make
would take the form of the sudden ap-
pearance of her submarines in our har-
bors and a savage attack upon our naval
and merchant ships. In other words, we
should see a repetition on a larger and
more frightful scale of the torpedo attack
on Port Arthur with which Japan com-
menced hostilities against Russia. The
ships lost by Russia in that surprise at-
tack so weakened her that Japan at once
obtained the command of the sea.”

“The President of the United States
appeared some days ago before the Sen-
ate and made a most notable and un-
usual address which has attracted the
attention of all civilized countries and
has brought both criticism and praise for
its many suggestions and proposals. His
principal thought has apparently been
the organization among nations of a
league to enforce peace—by some styled
a dream, by others something that is
practicable. At any rate, a few extracts
from his speech will show the at least
startling nature of his statements. In one
place he remarks, ‘No peace can last or
ought to last which does not recognize
and accept the principle that govern-
ments derive all their just powers from
the consent of the governed and that no
right anywhere exists to hand peoples
about from sovereignty to sovereignty,
as if they were property.” What would
disturb our people most in a league with
other nations would be the ‘entangling
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alliances’ against which Washington
cautioned his fellow countrymen; the
Monroe Doctrine would apparently also
be set aside. But under this head the
President makes a strong argument: I
am proposing, as it were, that the nations
should adopt the doctrine of President
Monroe as the doctrine of the world.””

“A new field for investigation sug-
gested by Col. G. O. Squier relates to
high-frequency vibrations in air, with
possible applications as a means of com-
munication. At present we do not know
of the existence of vibrations in air much
exceeding 40,000 to 60,000 cycles per
second, but far more rapid vibrations
may occur in nature, though they are
beyond the limit of perception by the
human senses. Col. Squier remarks that
electromagnetic waves of high frequency
existed through all time unperceived un-
til Hertz devised a ‘detector.” He sug-
gests that efforts be made to devise a
detector for air vibrations capable of re-
vealing their presence or absence up to
a frequency of 500,000 or a million
cycles per second.”

“Three months ago we had occasion to
speak of Professor Barnard’s discovery
of a faint star with the unprecedentedly
large proper motion of 10.3 seconds of
arc per year, and of the probability that
it would be found to be one of our near-
est neighbors in space. This anticipation
has now been verified by the results of
direct observation, which show that this
star is actually nearer us than any other,
with the single exception of our nearest
neighbor, Alpha Centauri.”

FEBRUARY, 1867: “Prof. Agassiz
tells us that the climate of the immense
valley of the Amazon is delightful. A
cool breeze goes up the river at all times,
the thermometer varying between the
extremes of 72 and 92 degrees, and av-
eraging 84. He says that although
warned beforehand that he was going
into a region of death, he found that
there were no dangers and hardly any
discomforts to be met with. Perhaps the
Professor was unduly propitiated by his
unprecedented haul of fish. The entire
region is a vast plain—an unbroken ex-
panse of wood and water—having a de-
scent of only 210 feet in 3,000 miles.
The annual swellings of the river rise
from 30 to 50 feet and convert the whole
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GUARD RING

Cross-section of one form of the
new photodiode. For the avalanche
effect, positive voltage is applied to
the n region and negative to the p
(i.e., against the direction of easy cur-
rent flow).

A photon, in being absorbed, creates
an electron-hole pair. Electrons,
formed in this way within the high-
electric-field region of the junction,
move toward the n-side. In so doing,
they pick up energy, strike other
atoms and create more pairs of elec-
trons and holes. (A similar but op-
posite process occurs for the holes.)
This “chain reaction”—the avalanche
effect—produces relatively large cur-
rents and gives the diode its gain.

It is important that the avalanche
multiplication factor be uniform over
the entire window area...that no
small area exhibit a particularly high
multiplication factor. To achieve this,
we start with homogeneous ger-
manium and create a “guard ring” in
which the density of charge-carrying
impurities is relatively low. This low
density results in a reduced electric
field where the p-n junction meets
the circumference . . . where break-
down currents would otherwise occur.

Because the time required for ava-
lanche is very short, the diode re-
sponds to modulation frequencies as
high as 60 GHz.

Performance of Bell Laboratories’ germanium avalanche photodiode (right)
compared with that of an otherwise identical non-avalanche type. Under a weak
light signal (40 uW) the output of the ordinary diode is lost in noise. High gain
of the new avalanche type, however, permits the signal pulse to be clearly seen.
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Photodiodes with gain

In atypical photodiode, a negative
and a positive charge carrier—
called an electron-hole pair—are
created for each photon that pen-
etrates the diode's surface. Now,
Bell Laboratories scientists W. T.
Lynch and H. Melchior have made
experimental germanium photo-
diodes that have gain, developing
up to 250 such electron-hole pairs
per photon. And the new photo-
diodes respond to light of wave-
lengths from the visible region well
into the infrared . ..to 1.6 microns.

The gain in these diodes stems
from the ‘'avalanche’ effect (left).
This requires carefully selected
germanium and a special construc-
tion feature—a ‘‘guard ring''—
developed here some years ago.
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In opto-electronic systems using
infrared light from helium-neon or
yttrium-aluminum-garnet lasers, for
instance, the response of the new
diode (above right) could be used
in detecting modulation signals,
and its high output would permit
omission of some stages of ampli-
fication. (The '‘avalanche effect”
was discovered at Bell Laboratories;
the first avalanche photodiodes
were of silicon and cut off below 1
micron in the ‘‘near’ infrared.)

Bell Telephone Laboratories

g Research and Development Unit of the Bell System
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VACUUM COATED STEELS

An idea borrowed from the electronics field, “vacuum evaporation”,

has multiplied the number of potential steel coatings to create a

new generation of valuable products.

s if to emphasize the technological
changes which are taking place
in many of its processing opera-
tions, the steel industry recent-
ly borrowed an idea from the electron-
ics field, scaled it up a hundred times
and introduced a new steel coating proc-
ess. The technique, used in the pro-
duction of transistors and other space
age electronic components, consists of
evaporating metallic or non-metallic
materials in high vacuum and condens-
ing them onto a prepared substrate to
form a coating. Youngstown Steel has
been working with this process for the
past four years, exploring its general
utility. In many cases, special surface
properties have been obtained on steel
strip which could not have been eco-
nomically achieved by other means, and
from this work a new generation of
coated steel products has emerged.

Research has reached a stage where
a high speed pilot line is being used to
prepare coils of steel with different
coatings for customer evaluation. A key
feature of the system is a series of re-
markably effective roll seals. These seals
enable a clean strip to pass continuously
from the atmosphere into the high vac-
uum evaporation chamber operating at
a pressure below 10™* Torr, and out
again. Inside the evaporating chamber,
a specially designed crucible containing
the coating material is heated by a
beam of high energy electrons to some
characteristic temperature at which
large quantities of vapor are rapidly
evolveg. For example, with aluminum
this temperature is about 1700°C. The
vapor is immediately condensed onto
the moving steel strip to form the de-
sired coating. A number of individual
evaporators is used in order to increase
the operating speed and to produce a
coating on both sides of the strip rang-
ing in thickness from 0.001 to 1.0 mil.
The use of the electron beam as a heat-
ing device permits the evaporation of
a wide range of coating materials in-
cluding those with very high evapora-
tion temperatures.

One of the important technical prob-
lems in this field is that of obtaining
good adhesion between the condensate
and the steel substrate. Procedures vary
for each material; however, again tak-
ing aluminum as an example, the steel
must be pickled and subsequently pre-
heated to a temperature of 400°C in
vacuum before deposition of the coat-
ing. Electron diffraction studies of the

by R. P. Morgan, Research Manager

interface between the steel and the
aluminum have shown that a magnetite
film is present at substrate temperatures
below about 350°C, (see illustration)
and is accompanied by poor adhesion.

FeO-(Fe,Al),04
350°C-450°C

Fe Als
>450°C

Fe3 04
<350°C

VARIATIONS IN INTERMEDIATE LAYER BETWEEN
VACUUM DEPOSITED ALUMINUM AND STEEL

As the substrate temperature is in-
creased towards 450°C, an alumina
spinel of varying composition is formed
and the adhesion and corrosion resist-
ance of the coating increase markedly.
At temperatures above 450°C, an
Fe.Al, phase can be detected. Adhe-
sion at this point is excellent but rapid
total conversion of thin films to the
brittle intermetallic can occur. This

operating range is therefore generally
avoided. Other coating metals of low
melting point and high vapor pressure,
such as zinc, require more critical con-
trol of substrate temperature. In addi-

Youngstown U Steel

THE YOUNGSTOWN SHEET AND TUBE COMPANY - YOUNGSTOWN, OHIO 44501
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tion, they require the use of an inter-
mediate layer of a second metal to se-
cure acceptable adhesion.

Other aspects of the process are un-
der investigation including those con-
nected with the control of coating prop-
erties and those related to the develop-
ment of new equipment designs for
more efficient operation. Data are
steadily being accumulated through
operation of the pilot facility and this
information will eventually be used to
further the construction of full scale
production equipment.

Much of the work which has already
been carried out points to the unusual
flexibility of the new technique and the
commercial significance of the prod-
ucts. For example, the “tin” can which is,
of course, basically a “steel” can could
be manufactured by substituting another
metal for tin. Aluminum or chromium
are contenders in this respect. They
provide an attractive finish, are readily
available, and have chemical proper-
ties which encourage their use in cer-
tain food containers.

There are many additional examples
of ways in which vapor deposited
coatings can be used to broaden the
performance of a steel product. Zinc,
for special automotive applications, and
stainless steel for architectural usage
are both promising materials. Experi-
ments have already shown that stain-
less steel compositions can be evap-
orated and condensed to form finishes
with great corrosion resistance. The ap-

lication of metals such as copper for
razability, or titanium for chemical
inertness is also under consideration.

A great deal of additional research
and development will be necessary to
create the systems which will econom-
ically process a hundred thousand tons
of these new strip products a year.
Nevertheless, it is apparent at this time
that the steel industry in its search for
effective new techniques has discovered
in vacuum evaporation a method with
significant potential.

Steel and steel application problems
are continually under investigation at
Youngstown’s research center in support
of Youngstown’s position as a major
supplier of a wide variety of low carbon
and low alloy products. The work on
coated products represents only a small
part of the 24 hour a day research effort.
If you think Youngstown can help you,
call at your convenience, or write De-
partment 251 E6.



into an ocean for some months of the
year, centering in June, and communi-
cation is then carried on by boat paths
among the tree tops. The primitive and
universal forest is almost impenetrable.
The length of the valley is 2,000 miles
and the width 1,000 miles. The waters
are coffee-colored, except those of the
rivers that rise in the woody plain, which
are more like molasses. In some places it
is equallv impossible to see across them
or to see through them. We should think
the country must be delightful and
healthv—for alligators—and possibly for
naturalists.”

“Mr. James Parker describes in En-
gineering an apparatus for propelling
vessels by steam without an engine. The
steam is issued in extremely small jets,
each shooting into the center of an open
pipe a quarter of an inch in diameter,
conducting into a hot water chamber,
into which the jet carries with it a cur-
rent of compressed air. This compressed
and heated air is admitted upon the sur-
face of the water in closed tanks by the
ordinarv slide valve, and its force is em-
ploved to eject the water through propel-
ling pipes on the plan of the Waterwitch,
described in SCIENTIFIC AMERICAN not
long since. The steam and compressed
air may also be driven into a dry hot re-
ceiver and thence used in a large-cvlin-
der engine. The contrivance is a modi-
fication of the caloric, or hot-air, engine.”

“It is reported that a remarkable fall
of meteoric rocks and stones, from a per- |
fectlv serene sky, took place at Kniahy-
nia, Hungary, between four and five
o’clock, p.ar., on the 9th of June, 1866.
With a detonation like that of 100 can-
non a gray, cloud-like body passed in
view, seeming enveloped in smoke but
not luminous, and within two or three
minutes a noise like the rattling fall of |
a multitude of stones was heard, con-
tinuing (its echoes doubtless included)
10 or 15 minutes. About 60 of the smaller
stones were picked up quite hot. The
largest; weighing 550 Ibs., was broken
in two by the shock and buried itself 11
feet in the earth. Eve witnesses 12 miles
to the west of the place (between the
phenomenon and the sun) describe the

meteor as of a luminous yellow and

orange, followed by a train of a blue
tint.”

“Dr. Louvel has satisfactorilv demon-

Spectra-Physics
Optics

YOU MAY HAVE A MATERIAL

YOU’'D LIKE ADDED TO FILTER PAPER.

Or your present material might work better in roll form —
incorporated in a paper web —with flow-through properties.

We may be able to design a media that will remove contaminates—
better and faster and reduce downtime; or serve as a catalyst.

You have objectives. We have experience.

The latest technical developments in combining most particulate

matter with paper could be the answer to your filtration problem.
In addition to more than a century of papermaking, we offer over
a decade of experience in filtration media testing — air, fluid and

radioactivity testing —and a wealth of background information.

At Your Service.

LET US HELP. Write today for material about
us, our experience with designers and indus-
try, and more information about “Specialty
Papers.” Or tell us when we could discuss
your aims.

strated the fact before a French commis- |

sion that animal and vegetable sub- | Dept. 102C

stances can be kept unchanged for any WATERTOWN, N.Y.
. 808,

length of time in a vacuum.”

The scientific and technical industrial specialty papermakers since 1
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Some 67 million Americans have
flown. Many, hundreds of times.

Some 128 million Americans have
never flown at all.

Our goal is simple.

To make flying more enjoyable, more
convenient for those who fly fre-
quently.

To make it more attractive, more
affordable for those who have never
flown.

To make it the finest way to travel
for everyone.

We're doing it in many different
ways.

We make everyone feel more at home.

From a warm smile of welcome from
the man who takes a passenger’s lug-
gage when he drives uptothe terminal.

To the warm greeting of a Steward-
ess who takes his coat as she wel-
comes him aboard.

We made dining a pleasure.
We brought gourmet meals to First
Class, along with fine china, crystal
and silver.

We introduced Famous Restaurant
flights, where the food is prepared by
the restaurant itself. Such as The
Pump Room on First Class flights from

Chicago, and Voisin from New York.

Even in Coach, we're out to make
food surpass anything that used to be
served in First Class.
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We made waiting obsolete.
By answering our telephones within
20 seconds.
Installing a computerized reserva-
tion system that takes only four-fifths
of a second to confirm seat availability.



everyone 10 ﬂy

Improving on-time performance.

And by trying to get luggage to the
pickup area at the same time the pas-
senger gets there, give or take a cou-
ple of minutes.

We made schedules make
business sense.
We invented the Air Shuttle so busi-
nessmen could commute without res-
ervations between New York and
Washington, or New York and Boston.
We schedule flights that go out and
back in one business day, with time
for a family evening at home.
Others that reach the destination
early enough for a good night's sleep,
and a fresh start in the morning.
Still others so frequent it's possible
to leave almost any hour, day or night.

We're buying an all-jet fleet.
Big jets like the Super DC-8, that will
fly more people farther than any
other commercial airliner.

Small jets like the Whisperijet 2,
that let people from smaller cities
with smaller airports enjoy the pleas-
ure of jet travel.

We made money no object.
With Charge-A-Trip.

It lets you charge everything (fare,
hotels, meals, rental cars and such),
and then pay it back over 2 years
with nothing down.

We helped bring air fares down to
earth.

Round Trip Excursion Fare: one-
fourth off for everyone. Family Fare:
one-third off for wives, two-thirds off
for children. Stand-by Youth Fare:
half off.
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It's all leading somewhere.

Getting more people to experience
the beauty, the serenity, the conven-
ience of flight.

Of course, we can’t expect every-
one to fly with us.

But on this very day, we will carry
more than 40,000 passengers. More
than all but one of the world’s airlines.

And by doing what we’re doing,
we feel we'll continue to get our fair
share.

We want everyone to fly.

EASTERN



Need
Solid-State Power
at kHz...MHz...GHz?

A rmowre o

Shown symbolically here is the
process used to manufacture over-
lay transistor sites as developed
at RCA. The screens at the top of
the picture are reduced photo-
graphically hundreds of times in
size until as many as 4,000 indi-
vidual transistors are placed on a
single silicon disc as small as a
half-dollar. These sites are then cut
apart into individual pellets, and
mounted into headers as shownin %
the foreground of the picture.
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Are you looking for a solid-state power
source—with all of its inherent advantages
—to deliver one watt...50 watts... 100
watts or more? At frequencies from 30
MHz to one GHz? Or in the L-band—and
even higher into microwave frequencies?
Would you welcome efficiency well be-
yond any ordinary solid-state device? Or
new simplicity in circuit design? RCA
knows how...with “overlay” technology!

In learning the way, RCA changed an en-
tire industry’s concepts of semiconductor
design and manufacture—answering mili-
tary and industrial requirements by ad-
vancing the state of the art and at the same
time meeting the dual demands of per-
formance and cost.

How was this done? RCA knew that to
increase the power output of a transistor,
the emitter periphery had to be length-
ened; however, to increase the transistor’s
operating frequency, its emitter area had
to be decreased. The answer to these con-
flicting requirements of large periphery
and small area was easy to visualize—and
physically impossible to create. (The ulti-
mate goal for maximum power and fre-
quency is an emitter of infinite length and
zero width, providing maximum periphery
and minimum area.) The nearest practical
equivalent to the impossible is a matrix of
square or circular emitter elements of
minimal dimensions—used in a wholly-
new transistor structure.

Known as the overlay transistor, this new
device received its name from the fact that
multiple small emitter elements are placed
on a base substrate and interconnected by
means of a metallic overlay. The first over-
lay transistor, the RCA 2N3375, is shown
in cross-section (not to vertical scale) in
Fig. 1. Aluminum paths carry emitter and
base currents to the bonding wires, with
the emitter current path separated from
the base region by silicon-oxide insulation.
Fig. 2—greatly magnified—shows the single
2N3375 pellet after mounting in a JEDEC
TO-60 stud-mount package.

Fig. 1

Since RCA developed and introduced this
new overlay concept, the industry has
virtually standardized on this construc-
tion. Now, equipment designers are put-
ting overlay transistors to work in a wide
range of new electronic applications—in-
cluding those for telemetry, two-way com-
munications, and tropospheric scatter de-
vices. These equipments are now more
efficient, more compact, and require less
maintenance.

New performance potentials realized for the

first time with overlay include: fast switch-
ing; improved output linearity; increased

Fig. 2

bandwidth and gain...and higher power
and frequency capabilities. The power/
frequency/size configuration of RCA over-
lay transistors makes them ideal for use in
mobile transceivers, where they eliminate
troublesome vibrator and inverter power
supplies by operating at 12 VDC or 24
VDC. Community Antenna Television
Systems (CATV) are now economically
practical through the use of overlay de-
vices in line amplifiers. Single-sideband
transmitters for two-way communications
now use overlay transistors in Class-A,
Class-AB, and Class-B amplifier stages.

Taking advantage of power-frequency capa-
bilities of overlay, RCA is bringing new
devices and applications into being almost
daily. Fig. 3A charts the power-frequency
capabilities of seven typical RCA overlay
geometry RF power transistors now gen-
erally available. Fig. 3B shows the result-
ant system capability obtainable with
these and future devices.
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Fig. 3A Fig. 3B

To produce the overlay transistor, RCA had
to evolve new production techniques
which are continually being refined for the
introduction of still-newer devices and
newer concepts. For example, to make
overlay devices, new photo-masking and
printing techniques and skills had to be
developed. No one anywhere had them—
until RCA showed the way to produce

®
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emitter elements—first only half a mil on
a side and then even smaller. Special pro-
duction equipment had to be evolved to
cope with accuracy demands verging on
the unbelievable—the equivalent of one
inch plus or minus a tenth inch per mile!
Fig. 4 shows the basic silicon wafer, con-
taining as many as 4,000 individual com-
plete transistor pellets, contrasted with a
half-dollar to show size. Typical package
configurations used with RCA overlay de-
signs appear in Fig. 5.

Fig. 4

The new construction techniques developed
by RCA have led, for example, to the pro-
duction of an overlay device that provides
built-in resistance at each of more than
100 emitter elements in a single transistor.
This eliminates catastrophic failure caused
by excessive current flowing through a
single emitter element. Evaluation and
adoption of the overlay principle by the
industry proves its acceptance as an indus-
try standard.

What next? You will find at RCA yourbest
one-source answer to specific semicon-
ductor needs—at present state-of-the-art
levels, or far beyond them. To your advan-
tage is RCA’s complete understanding of
all facets of a problem, whether metal-
lurgy or solid-state physics, miniaturized
packaging of components. . .or developing
new methods and new concepts. This
unique RCA capability is reinforced by
advanced production skills—nowhere bet-
ter shown than in the case of overlay and
its effect on the entire transistor industry.

How can RCA help you? Perhaps you have
solid-state RF power-source problems? If
so, consult your RCA Field Representative
or write RCA Commercial Engineering,
Section B9SEC, Harrison, N.]J.

Fig. 5

RCA ELECTRONIC COMPONENTS AND DEVICES

The Most Trusted Name in Electronics



THE AUTHORS

N. W. PIRIE (“Orthodox and Unor-
thodox Methods of Meeting World
Food Needs”) is head of the depart-
ment of biochemistry at the Rothamsted
Experimental Station in England. A
Fellow of the Royal Society, he has in-
terested himself not only in biochemi-
cal matters but also in social issues.
Among the former are the separation
and the properties of several plant vi-
ruses; factors controlling the infectabil-
ity of plants by viruses, and the prep-
aration of edible proteins from leaves.
Pirie writes: “That is recounted in 100-
plus papers. Another 100-plus deal in a
general way with fractionation of mac-
romolecules and the criteria of purity;
classification of viruses and similar en-
tities; contraception and the population
problem; protein sources and other as-
pects of world food supplies, and stric-
tures on government policies on such
issues as air raid precautions, nuclear
weapon testing and the planning of sci-
entific research.” Pirie was graduated
from the University of Cambridge and
served in the biochemical laboratory
there from 1929 to 1940, when he went
to the Rothamsted Station.

PHILIP C. HANAWALT and ROB-
ERT H. HAYNES (“The Repair of
DNA”) are respectively associate pro-
fessor of biological sciences at Stanford
University and associate professor of
biophysics and medical physics at the
University of California at Berkeley.
Hanawalt majored in physics at Oberlin
College, from which he was graduated
in 1954, and did graduate work in phys-
ics and biophysics at Yale University,
from which he received a Ph.D. in
1959. Haynes obtained a bachelor’s de-
gree in physics and a Ph.D. in biophys-
ics from the University of Western On-
tario. Haynes writes that he was “raised
a true-blue Canadian Tory” but during
a year as an exchange fellow in En-
gland “was subverted by the success of
the British National Health Service and
began drinking in workingmen’s pubs.”
Looking back, he says, “it is clear that
it was this experience that ensured I
would later be on the side of the an-
gels and the Free Speech Movement in
Berkeley.” Both Hanawalt and Haynes
are teaching introductory courses in bi-
ology. Haynes writes: “Although I have
always spent most of my time in re-
search, T am convinced that recent

22

events at Berkeley will accelerate the
swing back to teaching in academia;
and somewhat to my surprise I found
teaching Biology 1 to be a rather ex-
hilarating experience. In spite of my
political stance at Berkeley, my interest
in fine food and wine, poetry and ballet
appears to be disconcertingly nonprole-
tarian. However, it was in a scruffy Ox-
ford pub that Hanawalt and I began our
continuing collaboration.”

ALLAN COX, G. BRENT DAL-
RYMPLE and RICHARD R. DOELL
(“Reversals of the Earth’s Magnetic
Field”) are with the U.S. Geological
Survey. Cox, a geophysicist, is also
a research associate at Stanford Uni-
versity; Dalrymple is a geologist, and
Doell is a geophysicist who was recently
appointed chief of theoretical geophys-
ics in the Geological Survey. All re-
ceived doctoral degrees from the Uni-
versity of California at Berkeley—Cox
in 1959, Dalrymple in 1963 and Doell
in 1955. Cox writes that their collabora-
tion on the work they describe in their
article “began in 1961 around a camp-
firein the White Mountains of California.”

MICHEL JOUVET (“The States of
Sleep”) is associate professor of experi-
mental medicine at the medical school
of the University of Lyons. Born in the
Jura region of France, he interrupted
his education during World War II to
serve with the Maquis, the French un-
derground movement that conducted
guerrilla  operations against the Ger-
mans in France. After receiving the de-
gree of doctor of medicine from the
University of Lyons in 1956, he spent a
year at the University of California at
Los Angeles in the department of neuro-
physiology. His research in neurophysi-
ology has included not only sleep but
also conditioned reflexes.

JAMES L. DYE (“The Solvated Elec-
tron”) is professor of chemistry at Mich-
igan State University and chairman of
the department’s section on physical
chemistry. He was graduated from Gus-
tavus Adolphus College in Minnesota in
1949 and obtained a Ph.D. from Iowa
State University in 1953. He joined the
faculty at Michigan State University in
1953. In 1961-1962 he was at the Max
Planck Institute for Physical Chemistry
in Gottingen studying fast-reaction tech-
niques.

R. WAYNE KRAFT (“Controlled Eu-

tectics”) is professor of metallurgy and
materials science at Lehigh University.
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He was graduated from that university
in 1948 and spent six years as a research
metallurgist in industry before begin-
ning graduate work at the University
of Michigan, from which he received a
doctorate in metallurgical engineering
in 1958. For the next four years he was
supervisor of the fundamental materials
research group at the United Aircraft
Corporation. He joined the Lehigh fac-
ulty in 1962.

JACOB GERSHON-COHEN (“Med-
ical Thermography”) is professor of
radiologic research at the Temple Uni-
versity School of Medicine and director
emeritus of the division of radiology at
the Albert Einstein Medical Center in
Philadelphia. He was graduated from
the University of Pennsylvania in 1922
and received a medical degree there
two years later. At the same university
he obtained in 1936 the degree of doctor
of science in medicine. In addition to
his work at Temple, Gershon-Cohen
conducts a private practice in radiology
and serves as a consultant radiologist.
He has done research on a number of
medical problems; besides thermog-
raphy they include mammography, the
physiology of the gastrointestinal tract,
the role of viruses in cancer, and telog-
nosis (diagnosis at a distance). Recently
he has been concerned with what he
describes as “the chaos in medical edu-
cation.”

D. D. KOSAMBI (“Living Prehistory
in India”), who died as his article was
being prepared for publication, was
an Indian mathematician and historian.
Educated in India and at Harvard Uni-
versity, he began a career in mathe-
matics. Some of his investigations led
him to an interest in the history of
India. “The sources were so poor,” he
once wrote, “that I had to learn San-
skrit and edit some of them myself.”
His writings include two historical
books: An Introduction to the Study of
Indian History and The Culture and
Civilisation of Ancient India in Histori-
cal Outline. Kosambi also edited some
works of poetry. He was the author of
the article “Scientific Numismatics,”
which appeared in the February 1966
issue of SCIENTIFIC AMERICAN.

S. A. BARNETT, who in this issue
reviews On Aggression, by Konrad Lor-
enz, is a senior member of the depart-
ment of zoology at the University of
Glasgow. He is the author of the article
“Rats,” which appeared in the January
issue of SCIENTIFIC AMERICAN.



If she doesn’t fill out
that rental form in

2 minutes flat, strip her
of her Avis button.

Time her.

(Many Avis girls break 9o0. After
record holder Gray’s 47, there’s Alice
Webb in Seattle,with 48.)

So if she goes over 2 minutes, her
Avis button is yours.

And don’t think it won’t hurt.

When you wear a button that says,
“We try harder,”and somebody tells
you to take it off, they’re telling you
something about yourself.

TheliesorEl7 sEconds, Aileen Gray, enver. Try it the next time you rent a shiny
new Plymouth from Avis.

2 minutes. If she takes a second longer, tell her to hand
the button over.

Please don’t try to remove it yourself.
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Forgers foiled again

by “guardian green’
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“Guardian green” is an ingenious
printing ink produced by our Sinclair
& Valentine division. It looks inno-
cent enough when printed as a back-
ground color on a check. Until a
forger alerts it by using an eraser or
an ink eradicator. Then it becomes a
kind of visual burglar alarm, chang-
ing color. Sinclair & Valentine, one of
the world’s largest manufacturers of
printing inks, makes just about every
kind of ink you’ve ever heard of, and
many you haven’t.

To meet the demands of modern
printing, the printing ink industry is
undergoing a technological revolu-
tion. Printing inks have changed more
in the last 20 years than they did in
the previous 500.

Mass magazines are now printing
around a half-billion pages per issue,
and at fantastic speeds. Often, four
colored inks are used, each one
printed atop the other. The ink must
cover the surface of the paper im-
maculately, then dry instantly.

Research people at Sinclair &
Valentine have been manipulating or-
ganic chemicals to produce inks that

will print in every conceivable color
on every conceivable surface. Some
80,000 color samples are now on file.

Designs on floor tiles are printed,
as are wood patterns on plastic desk
tops. Billions of printed paper, glass,
plastic and metal containers pour off
assembly lines.

Printing inks themselves have taken
on extraordinary qualities. Sinclair &
Valentine produces inks that are elec-
tro-conductive, magnetic, fluorescent,
opaque, translucent, scented, flexi-
ble, glossy, dull, metallic. They pro-
duce inks that are resistant to alcohols,
alkalies and acids, inks that bleach,
inks that change color with water,
heat, or atmospheric pressure varia-
tions, inks that transfer by electro-
static action.

Printing ink can no longer be re-
garded as a practical art. Today it is
a science.

The several divisions of Martin Marietta
produce a broadly diversified range of prod-
ucts, including missile systems, space
launchers, nuclear power systems, space-
craft, electronic systems, chemicals and con-
struction materials. Martin Marietta Cor-
poration, 277 Park Avenue, New York, N. Y.

MARTIN MARIETTA
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The power under the direct control of the scientific in-
vestigator with small computers is enormous. Not just
the power to calculate. Not just the power to analyze.
But the power to innovate.

Small computers — and by that we mean laboratory
size or smaller general purpose machines — are most
frequently used on-line, in real time, intimately hooked
up to the experiment. Inputs to the computer are di-
rect from the experiment. Qutputs are instantaneous
detail, or instantaneous sampling, or instantaneous
averaged results, all provided while the experiment
proceeds.

Two things can now happen. First, the investigator can
change the method of data taking, or the sequence of
data taking, based on the results he sees emerging. He
can sample more frequently than he thought neces-
sary, or can look in detail, at an unexpected result.

Small computers

are Innovation machines

Second, he can influence the experiment, either by
himself or automatically by the computer, based on the
results he sees emerging.

If he waited to complete the experiment and analyze
the results at the computation center, the opportunity
to innovate would be gone.

Small, real-time, on-line, general purpose computers
are intensely personal, highly approachable, respon-
sive scientific innovation machines. It will be the rare
laboratory that will not have one in the next few years.

DIGITAL is the largest supplier of small _
computers to the scientific disciplines. PDP- ==~
8/S, PDP-8, LINC-8, PDP-9, PDP-9 Multi-
analyzer, and five versions of the PDP-10. 1
Write for the just-published 540-page Small

Computer Handbook and Primer, Free.

dlilgliltlall

COMPUTERS - MODULES

DIGITAL EQUIPMENT CORPORATION, Maynard, Massachusetts 01754. Telephone: (617) 897-8821 « Cambridge, Mass. « New Haven « Washington, D. C. « Parsippany,
N.J.« Rochester, N. Y.« Philadelphia « Huntsville « Pittsburgh « Chicago » Denver « Ann Arbor« Houston « Los Angeles« Palo Alto » Seattle « Carleton Place and Toronto,

Ont. « Reading, England « Paris, France «

Munich and Cologne, Germany « Svdnev and West Perth. Australia «

Modules distributed also through Allied Radio
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Orthodox and Unorthodox Methods
ol Meeting World Food \eeds

The orthodox methods must be pressed, but it seems they cannot solve

the problem without the aid of the unorthodox ones. And the adoption

of unorthodox methods calls for basic changes in cultural attitudes

he world has been familiar with

I famine throughout recorded his-
tory. Until the present century

some people have been hungry all the
time and all the people have been hun-
gry some of the time. Now a few indus-
trialized countries have managed, by a
mixture of luck, skill and cunning, to
break loose from the traditional pattern
and establish systems in which most of
the population can expect to go through
life without knowing hunger. Instead
their food problems are overnutrition
(about which much is now being writ-
ten) and malnutrition. Malnutrition ap-
pears when the food eaten is supplying
enough energy, or even too much, but is
deficient in some components of a satis-
factory diet. Its presence continually
and on a large scale is a technical tri-
umph of which primitive man was in-
capable because he lacked the skill to
process the food he gathered in a man-
ner that would remove some of the es-
sential components but leave it palatable
and pleasing in appearance. Further-
more, until the development of agricul-
ture few foods contained the excess car-
bohydrate that characterizes much of
the world’s focd today. The right policy
in technically skilled countries, however,
is not to try to “go back to nature” and
eat crude foods. Processing does good
as well as harm. What we now need is

by N. W. Pirie

widespread knowledge of the principles
of nutrition and enough good sense to
use our technical skill prudently.

It is salutary to remember how re-
cently this pattern was established.
There was some hunger in Britain 50
years ago and much hunger 50 years be-
fore that. Still earlier many settlements
in now well-fed regions of Australia and
the U.S. had to be abandoned because
of starvation. It is said that scurvy killed
about 10,000 “forty-niners,” and Cal-
ifornia was the scene of some of the
classic descriptions of the disease. One
has to learn how to live and farm in
each new region; it cannot be assumed
that methods that are successful in one
country will work elsewhere. It is there-
fore probable that methods will be found
for making the currently ill-fed regions
productive and  self-sufficient. The
search for them should be started im-
mediately and should be conducted
without too much regard for traditional
methods and preconceptions.

The problem can be simply stated:
How can human affairs be managed so
that the whole world can enjoy the de-
gree of freedom from hunger that the
industrialized countries now have?

t is well known that in many parts

of the world not only is there a food
shortage but also the population is in-
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creasing rapidly. Some of the reasons
for this situation are fairly easy to es-
tablish. When the conditions of life
change slowly, compensating changes
can keep pace with them. In Europe
during the 16th century half of the
children probably never reached the age
of five. There are no general statistics for
this period, but in the 17th century 22
out of the 32 British royal children (from
James I to Anne) died before they were
21, and it is unlikely that the poor fared
better than royalty. The establishment
of our present standards of infant mor-
tality had little to do with medical
knowledge. Until this century the far-
ther away one could keep from doctors,
except for the treatment of physical in-
jury, the better. It was increasing tech-
nical skill in bringing in clean water and
getting rid of sewage that made com-
munities healthy, and this skill was ap-
plied by people who had never heard of
germs or, like Florence Nightingale, dis-
believed what they were told. But the
change came slowly enough for families
to adjust the birthrate to suit the new
conditions. Moreover, there was incom-
pletely filled land to be used. What René
Dubos calls the “population avalanche”
is on us because it is now possible to
undertake public health measures on a
larger scale and finish them quicker
than heretofore.
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POPULATION AND FOOD PRODUCTION are compared for
four developing regions in these charts prepared by the Food and
Agriculture Organization of the United Nations. The colored curve
is population; the solid black curve, food production; the broken
gray curve, food production per caput. The figures for population
are in millions; those for food production are given according to

an index of 100 for the prewar average. The food production fig-
ures for 1965-1966 (July 15, 1965, to July 15, 1966) show the effects
of adverse weather in many parts of the world. In that period world
food production per caput fell 2 percent. The dots at end of food
production curve show increase required to regain per caput level
of 1964-1965.Mainland China is not represented in Far East figures.

Once the principles are understood
the hygiene of an area can be improved
quickly by a few people, and the popu-
lation as a whole gets the advantage of
improved health without having to take
any very active steps to achieve it. Even
where methods for improving conven-
tional agriculture are known their ap-
plication is of necessity slower, because
it depends on a change in the outlook of
most of the people in a farming commu-
nity rather than in the outlook of the few
who control water and sewage. Further-
more, fecundity is potentially unlimited
but food production is not. Clearly,
therefore, the “avalanche” will have to
be stopped. It is important to remem-
ber, however, that it cannot be stopped
in any noncoercive way without the
cooperation of the people; that means
more education, which means more hy-
giene and so, at least for a time, a still
greater increase in the population. The
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first result of an effective campaign for
contraception will be an increase in pop-
ulation rather than a diminution. More
effort should be put into the encourage-
ment of contraception. And more re-
search is needed on improved methods,
leading to the ideal: that people should
have to do something positive to reverse
a normal state of infertility, so that no
conception would be inadvertent. This,
however, is a complement to, and not a
substitute for, work on the production
of more food. Strained as existing sup-
plies are, it seems inevitable that they
will be strained still further during the
next half-century. After that the entire
world may have established the popula-
tion equilibrium that now exists in some
industrialized countries.

he normal humane reaction in the

presence of misery is pity, and this
reaction is followed, where appropriate,
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by charity. Hence the immense effort
that is now being put into shipping the
food surpluses, accumulated in some
parts of the world, to areas of need.
This is commendable and spiritually sat-
isfying to the donor, but for two reasons
it has little effect on the real problem.
The amount of surplus food is not large
enough to make much of a dent in the
world’s present need. The surplus could
be increased, but the logistic problem of
shipping still greater quantities of food
would be formidable. The more serious
objection to charity, except during tem-
porary periods of crisis, is that it dis-
courages the recipient. A century ago
the philanthropist Edward Denison re-
marked: “Every shilling I give away does
fourpence worth of good by keeping the
recipients’ miserable bodies alive and
eightpence worth of harm by helping to
destroy their miserable souls.” Nearly
1,000 years ago Maimonides categorized



the forms of charity and concluded that
the most commendable form was to act
in such a way that charity would become
unnecessary.

Trade is the obvious alternative to
charity. Unfortunately the developing
countries are in a poor bargaining posi-
tion. Since 1957 the prices paid for their
primary products declined so much that
the industrialized countries made a sav-
ing of $7,000 million and an extra profit
of $3,000 million because of the in-
creased cost of manufactured goods. The
developing countries thus lost $10,000
million—about the same as the total “aid”
they received from commercial, private
and international sources. (The figures
are from the Financial Times of London
for July 19, 1965.) With the market
rigged against them in this way it is not
likely that they will soon be able to buy
their food as countries such as Britain
do. At present the industrialized coun-
tries are exporting about 30 million tons
of grain a year, largely against credit. It
is unlikely that this state of affairs can
last; half of the world cannot permanent-
ly feed the other half.

The idea that the developing parts of
the world should be fed by either charity
or trade depends on the assumption that
they are in some way unsuited for ade-
quate food production. This idea is base-
less. Once the methods have been de-
vised, food can be produced in most
places where there is sunlight and wa-
ter; for political stability food must be
produced where the mouths are. Any
country dependent on imports for its
main foodstuffs is to some extent con-
trolled by others.

The problem can be more narrowly
stated: How to produce enough food in
the more populous parts of the world?

Food production can and will be in-
creased in many orthodox ways. There
is still some uncultivated but cultivable
land, irrigation and drainage can be im-
proved and extended, fertilizers can be
used on a much greater scale and the
general level of farming technique can
be improved. If all the farmers in a re-
gion were as skilled as the best 10 per-
cent of them, there would probably be
enough food for everyone today. These
improvements could be achieved by
vigorous government action and without
further research.

In the Temperate Zone plant breeders
have greatly increased cereal yields dur-
ing the past 20 years, and these im-
proved varieties could be used more
widely. There have been no comparable
developments with food crops in the
Tropical Zone, but there is no reason

to think that progress there could not
be equally spectacular. This research
should not be limited to cereals. In many
parts of the wet Tropics yams (Dioscoria
and Colocasia) are staple foods but the
varieties used contain little protein.
There is, however, some evidence that
the protein content of yams varies; a
New Guinea variety called Wundung-
gul contains 2.5 percent nitrogen. If this
nitrogen is all in protein, the yam con-
tains 15 percent protein and is worthy
of serious study.

It is generally agreed that pests and

diseases rob us of as much as a third
of our crops. When the improvements
outlined above have been made, the
proportional loss as well as the absolute
one could become greater, since well-
nourished crops, growing uniformly in
large fields, are particularly susceptible.
The cost of treatment may be only a
tenth of the value of the crop saved; the
methods are well publicized by firms
making pesticides. There is no need to
labor this aspect of the problem here.
More attention should, however, be giv-
en to losses during storage; the need for

P
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INCAPARINA

¥ MUCHO ALIMENTO
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SYNTHETIC FOOD is represented by Incaparina, made of maize, sorghum and cottonseed
by the Quaker Oats Company. The product has been skillfully promoted by Quaker Oats in
Central America. The Spanish words at the top of this 500-gram package mean: “For 25

glasses or portions.” Those below “Incaparina” mean: “It is very nourishing and costs little.
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satisfactory storage techniques for use
in primitive conditions is especially
acute. So much mystical nonsense has
been written by believers in the merits
of “natural” foods that most scientists
show understandable impatience at the
idea that pesticide residues may be
harmful to the ultimate consumer of the
protected crop. Furthermore, a food
shortage may well do more harm to a
community than sensibly applied pesti-
cides can do. There is, nevertheless, great
scope here for research on improved
techniques.

"] 'here are such good prospects that

productivity can be increased by
each, or even all, of these methods if
they are assiduously developed that it
seems to many experts that there is no
immediate need for any more radical ap-
proach to the problem of world feeding.
This is the attitude of the United Na-
tions Food and Agriculture Organiza-
tion (F.A.O.). One cannot praise too
highly its work in compiling statistics
and persistently calling attention to the
need for agricultural improvements. On
the other hand, while recognizing that
the F.A.O. is not a research organization,
one can deplore its equally persistent
tendency to denigrate every unorthodox
approach to the problem. History may
partly excuse this attitude. Ever since
the time of Malthus prophets have been
making our flesh creep with warnings
of impending famine. Conditions have
remained much the same—or have im-
proved. These prophecies remain un-
fulfilled because 400 years of explora-

tion enabled new land to be cultivated,
200 years of biological research laid the
foundation for scientific agriculture, and
50 years of rational chemistry made it
possible to produce fertilizers by fixing
the nitrogen of the air. The cautious
prophet should therefore not say that
hunger is inevitable but that it is prob-
able unless the relevant research is done
on an adequate scale. The time to do it
is now, before the need has become more
acute.

The main product of agriculture is
carbohydrate. The foods that make up
the world’s diet—the cereals, potatoes,
yams, cassava and so on—are from 1 to
12 percent protein on the basis of dry
weight. An adult man needs 14 percent
protein in his food; children and preg-
nant or lactating women need from 16 to
20 percent. However great an increase
there may be in the consumption of con-
ventional bulk foods, there will be a pro-
tein deficit. Moreover, it will be exacer-
bated if food is made palatable by the
addition of fats and sugar, which give
energy but contain no protein. Too much
stress cannot be laid on the fact that the
percentage of protein in a diet is the
vital thing; increased consumption of
low-protein food makes the consumer
fat but as malnourished as before.

Recognition of the importance of pro-
tein sources, and their deficiency in most
of the world’s diet, has come slowly. It
is nonetheless gathering momentum. Fif-
teen years ago little attention was paid
to protein sources by international agen-
cies and gatherings such as the Interna-
tional Nutrition Congress. Now protein

‘ LEAF

COCONUT

Fresh, moist or pulped and pressed.

FIBER RESIDUE

Containing one-third or
less of the protein. Use-
ful as cattle fodder.

JUICE
Coagulated and separated.

JUICE

| culture medium.

i

(Plus oil if coconut is
used.) Containing salts
and simple carbohydrates
and nitrogen compounds.
Useful as a microbial

— -

PROTEIN

(60-70 percent.) Con-
| taining some fat and
starch but little fiber.

|
|
|
|

LEAVES AND COCONUT are a source of protein if fiber and juice are removed from
them. This chart shows the steps of the process and also indicates the uses of by-products.
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is one of the main themes. Audiences at
these gatherings are a step ahead of the
management. At the International Con-
gress of Food Science and Technology
last year, for example, the session “Nov-
el Protein Sources” proved more popu-
lar than those who had allocated the
rooms had foreseen; that session was
more uncomfortably overcrowded than
any other. The remainder of this article
will be exclusively concerned with pro-
tein. All the components of a diet are
needed, but the need for protein will
be the most difficult to meet.

Animal products—meat, milk, cheese,

eggs, fish—are widely esteemed and
are used as protein concentrates to im-
prove diets that are otherwise mainly
carbohydrate. About a third of the
world’s cattle population is in Africa and
India; most of these animals are relative-
ly unproductive and are maintained
largely for reasons of prestige and reli-
gion. It is easy to sidestep the main prob-
lem and argue that the protein shortage
in these countries could be ameliorated,
even if it could not be abolished, if herds
were culled and the remainder made
fully productive. The more thoughtful
Africans and Indians realize this, and the
situation will doubtless change. But ev-
ery community tends to devote an
amount of effort to nonproductive activ-
ity that seems to outsiders unreasonable.
In the Middle Ages cathedrals were built
by people who lived in hovels, and we
now spend more on space research than
on research in agriculture and medicine.
Change is inevitable, and contemporary
forms of religious observance and pres-
tige are certain to be modified; the tran-
sition will not be hastened by nagging
from outside.

According to most forecasters, the
need to grow crops on land now used to
maintain animals will lead to a decline
in meat consumption in industrial coun-
tries, and the essential disappearance of
meat is sometimes predicted. Although
the decline is probable, the disappear-
ance is not. There is much land that is
suitable for grazing but not for tillage.
Furthermore, there will always be a great
deal of plant residue that (perhaps after
supplementation with urea) can be more
conveniently used as animal feed than
in any other way. It is by no means cer-
tain, however, that we will always use
the ideal herbivore. There is good reason
to think that several species of now
wild herbivore, running together, give a
greater return of human food in many
areas of tropical bush or savanna than
domesticated species [see “Wildlife Hus-



bandry in Africa,” by F. Fraser Dar-
ling; ScienTiFic AMERICAN, November,
1960]. In addition, wild herbivores gen-
erally yield more protein per pound “on
the hoof” than domestic species. These
are matters that are being investigated
by the International Biological Program.
Even better results may be achieved af-
ter a few years of skilled breeding. Ru-
minants such as the antelope and the
water buffalo are not the only species
worthy of attention, and land is not the
only site available for grazing. The capy-
bara, a large rodent, is well adapted to
South America and is palatable. Water
weeds, and plants growing in swamps
and on lake margins, contribute hardly
anything to human nutrition. They could
be collected and fed to land animals, but
it would seem to be more efficient to
domesticate the Sirenia (the freshwater
manatee and the marine dugong) and
use them as sources of meat. These her-
bivores are wholly aquatic and so, un-
like semiaquatic species such as tapirs
and hippopotamuses, do not compete for
food with more familiar animals.

t is usual in articles such as this one
to stress the importance of fish. This
is admirable, but stress should not be
allowed to drift into obsession. The more
cautious forecasters estimate that the
fish catch could be increased only two-
or threefold without depleting stocks.
Moreover, much of the world’s popula-
tion lives far from large bodies of water,
and since fishing has an accident rate
twice as high as coal mining it is likely
to remain a relatively unattractive occu-
pation. In the past decade the wet
weight of fish caught annually increased
from 29 million tons to 52 million, but
the proportion used as human food de-
creased from 83 percent to 63. The re-
mainder was used as fodder, mainly in
the already well-fed countries. When
still more fish are caught, the temptation
to use a still larger proportion as fodder
will be greater because much of the ex-
tra catch will consist of unfamiliar spe-
cies. By grinding and solvent extraction
these unfamiliar fishes can be turned into
an edible product containing 80 percent
protein. This process has suffered from
every form of misfortune: the use of un-
suitable solvents, commercial overstate-
ment, excessive hygienic caution and po-
litical intrigue. It is nevertheless sound
in principle and will do much to increase
the amount of food protein made on an
industrial scale and distributed through
international channels.
One also hears of “fish farming.” Ac-
tivity that could properly be given this

“ v iy ¥
74’ .
= _ — E"‘_—_H-: el e _":J —
— =
- \T‘_ — —
f
VY Y
)' 1y 7 /; / J
i { { / / 17 1 #
I 4 £/ / 7, f i
I 1 f_f-'j ’ y, }.// £ }/ ,/’f,' s, v/ .
“ 1l / 7 .,? /g5y b 7 i )

MANATEE, an aquatic mammal, is an example of an unorthodox source of meat. It can
also control aquatic weeds, which it eats. An adult manatee is between nine and 15 feet long.
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CAPYBARA, alarge rodent that lives in South America, has also been suggested as a source
of meat. Like the manatee, it feeds on aquatic weeds. An adult is about four feet long.
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ELAND, a large African antelope, is an accepted meat animal. Its importance as a food
source is that it is adapted to grazing on marginal lands that are not suited to agriculture.
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title is possible in lagoons but unlikely
in the oceans because fish move too free-
ly, and fertilizer, intended to encourage
the growth of their food, spreads too
easily into the useless unlit depths. With
mollusks and crustaceans, farming be-
comes much more promising and de-
serves more scientific attention than it
gets. Food for such marine invertebrates
does not seem to be the limiting factor;
many of them can use the world’s largest
biological resource, the million million
tons of organic matter in suspension in
the sea. Sedentary mollusks are limited
by predators and attachment sites. The
predators could be controlled and the
sites, with modern materials, could be
increased.

Animals that live on something that
we could not use as food—forage grow-
ing in rough country, straws and other
residues, phytoplankton and other forms
of marine organic matter—cannot prop-
erly be said to have a “conversion ef-
ficiency.” We either use an animal con-
verter or these materials are wasted.
Efficiency has a real meaning when we
consider animals that live either on crops
that people could eat or on crops grown
on land that could have grown food. The
inefficiency of animal conversion, ex-
pressed as pounds of protein the animal
must eat to make a pound of protein in
the animal product that people eat, is
much greater than is generally realized.
This unawareness probably arises from
the tendency among animal feeders to
present their results as the ratio of the
dry food eaten to the wet weight (includ-

ing all inedible parts) of the carcass pro-
duced. Furthermore, the figures general-
ly relate only to one phase of the animal’s
life, without allowance for unproductive
periods. It is unlikely that the true effi-
ciency of protein conversion is often
greater than one pound of food protein
for every seven pounds of fodder pro-
tein; it is generally less. Although ani-
mal products are highly esteemed in
most countries, their production is an
extravagance when it depends on land
or fodder that could have been used to
feed people. The extravagance may be
tolerated in well-fed countries but not
in those that are short of food.

,\s I have indicated, the world’s main

food crops need to be supplement-
ed with protein. Peas and beans, which
are 25 to 40 percent protein, are tradi-
tionally used. Green vegetables and im-
mature flowers are gaining recognition.
They can yield 400 pounds of edible
protein per acre in a three-to-four-month
growing period, but because they con-
tain fiber and other indigestible com-
ponents a person cannot get more than
two or three grams of protein from them
in a day. This amount, however, is much
more than is normally consumed, and
such plants offer a rewarding field for
research. The varieties cultivated in in-
dustrialized countries are often ill-adapt-
ed to other climatic conditions. The
work of vegetable improvement that was
done in Europe in the 18th and 19th
centuries should now be replicated in the
wet Tropics. Biochemical control would

TANKS ARE FILLED WITH LITTLE FISH from a truck (left) at a fish meal plant in the
Peruvian port of Callao. The fish are anchovetas, a variety of anchovy. By grinding and
solvent extraction they are converted into a product that contains 80 percent protein.
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be needed to ensure that what is being
produced is not only nontoxic but also
nutritionally valuable. This would be an
excellent project for the International
Biological Program; the raw materials
have worldwide distribution and the
need is also worldwide.

The residue that is left when oil is ex-
pressed from soya, groundnut, cotton-
seed and sunflower is now for the most
part used as animal feed or fertilizer or
is simply discarded. It contains about 20
million tons of protein, that is, twice the
world’s present estimated deficit. Be-
cause its potential value is not yet widely
realized, most of this material is at pres-
ent so contaminated, or damaged by
overheating during the expressing of the
oil, that it is useless as a source of human
food. But methods are being devised,
notably in the Indian state of Mysore
and in Guatemala, for processing the oil-
seeds more carefully in order to produce
an acceptable food containing 40 to 50
percent protein. The avoidance of dam-
age during processing is not the only
problem that arises with oilseeds; each
species contains, or may contain, harm-
ful components, for example gossypol in
cottonseed, enzyme inhibitors in soya
and aflatoxin in peanuts. Gossypol can
be extracted or low-gossypol strains of
cotton can be used (it is said, however,
that these are particularly attractive to
insect pests); enzyme inhibitors can be
destroyed, and the infestation that pro-
duces aflatoxin can be prevented by
proper harvesting and storage. The al-
ternative of extracting a purified protein
concentrate from the residues is often
advocated. This approach seems mistak-
en; it increases the cost of the protein
fivefold. In addition, the process is in
the main simply the removal of starch
or some other digestible carbohydrate,
and carbohydrate has to be added to the
protein concentrate again during cook-
ing.

The residue left after expressing oil
from an oilseed can be used because it
contains little fiber. Coconuts and the
leaves from many species of plants are
also potential protein sources, but they
contain so much fiber that it is essential
to separate the protein if more than two
or three grams is being eaten each day.
The process of separation, although sim-
ple, is still in its infancy, and many im-
provements remain to be made. Units for
effecting it are working in Mysore, at the
Rothamsted Experimental Station and
elsewhere. In wet tropical regions the
conventional seed-bearing plants often
do ot ripen, but coconuts thrive and
leaves grow exuberantly. It is in these



BAGS OF FISH MEAL are piled in the yard of the same plant.
Fish meal is currently used primarily as a supplement to feed for

regions that protein separation has its
greatest potentiality.

The protein sources discussed in the
last two paragraphs would be opened
up by handling conventional agricul-
tural products in unusual ways. Atten-
tion is also being given to completely
novel forms of production based on pho-
tosynthesis by unicellular algae and oth-
er microorganisms. The early work was
uncritical and, considering the small in-
creases in the rate of fixation of carbon
dioxide given by these methods com-
pared with conventional agriculture, the
necessary expenditure on equipment
was out of proportion. It is an illusion to
think that algae have any special pho-
tosynthetic capacity. Their merit is that
it is much easier to spread an algal sus-
pension, rather than a set of slowly ex-
panding seedlings, uniformly over a sun-
lit surface so as to make optimal use of
the light. Recently more realistic meth-
ods, using open tanks and the roofs of
greenhouses in which other plants can
be grown during the winter, have been
tried in Japan and Czechoslovakia. The
product resembles leaf protein in many
ways but contains more indigestible mat-
ter because the algal cell walls are not
removed; it may prove possible either to
separate the protein from the cell walls
or to digest the walls with enzymes.

Al the processes discussed so far de-

pend on what might be called
current photosynthesis. Microorganisms
that do not themselves photosynthesize
can produce foodstuffs from the products
of photosynthesis in the immediate past

(straw, sawdust or the by-product liquor
from leaf-protein production) or in the
remote past (petroleum, coal or meth-

* ane). The former substrates would have

to be collected over a wide area, whereas
the latter are concentrated in a few
places and so lend themselves to con-
venient large-scale industrial processing.
At first sight this seems advantageous,
and in fact it would be so were we mere-
ly concerned with increasing the amount
of food in the world. That will be the
problem later; now the important thing
is, as I have said, to make food where
the mouths are, and elaborate and so-
phisticated techniques are not well
adapted to this end. The most valuable
aspect of the research now being done in
many countries on microbial growth on
fossil substrates such as petroleum is that
it will familiarize people with the idea
of microbial food and so will hasten its
acceptance when it is produced from
local materials.

Finally, there is synthetic food. Plants
make fats and carbohydrates so economi-
cally that it is unlikely synthesis could
be cheaper. Many of the abundant plant
proteins do not have an amino acid com-
position ideally suited to human needs.
These proteins are sometimes comple-
mentary, so that the deficiencies of each
can be made good by judicious mixing.
When this is not possible, the deficient
amino acids can be synthesized or made
by fermentation and then added to the
food. Production of amino acids for this
purpose will probably be possible only
in industrialized countries; their use may
therefore seem to violate the principle
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domestic animals. In 1965 Peru harvested 7.46 million metric tons
of fish, a catch that makes it the world’s leading fishing nation.

that food must be where the mouths are.
The quantities needed, however, are
small. It is obviously better to upgrade
an abundant local protein by adding .5
percent of methionine to it rather than
import a whole protein to make up this
one deficiency.

he food that is now needed or that

will soon be needed in the under-
privileged parts of the world might be
supplied by charity, by the extension of
existing methods of agriculture or by
novel processes. I have argued that the
first cannot be satisfactory and that it
would be dangerous to assume that the
second will suffice. Without wishing in
any way to minimize the importance of
what is being done in these two direc-
tions, it seems necessary to take novelties
seriously. By definition a novelty is novel.
That is to say, it may have an unfamiliar
appearance, texture or flavor. In com-
menting on any of the proposals made—
the use of strange animals, oilseed resi-
dues or leaf and microbial protein—it is
irrelevant to say that they are unfamiliar.
If the world is to be properly fed, prod-
ucts such as these will probably have to
be used. Our problem is to make them
acceptable.

Socrates, when one of his companions
said he had learned little by foreign
travel, replied: “That is not surprising.
You were accompanied by yourself.”
Similarly, food technologists, accus-
tomed to the dietary prejudices of Eu-
rope and the U.S., are apt to project
their prejudices onto other communities.
They have two opposite obsessions: to
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fabricate a “chewy” texture in their
product and to produce a bland stable
powder with an indefinite shelf life. Nei-
ther quality is universal in the familiar
foods of most of the world. The former
may have merits, although these prob-
ably do not outweigh the extra difficul-
ties involved. It is odd that, at a time
when people in industrialized countries
are beginning to revolt against uniform
and prepacked foods, we should be bent
on foisting the latter quality off on oth-
ers. Instead, novelties should be intro-
duced into regions where they will most
smoothly conform with local culinary
habits. Novel forms of fish and mollusks
are probably well adapted to Southeast
Asia, where fermented fish is popular.
Leaf, oilseed or microbial protein would
fit smoothly into a culture accustomed to
porridge, gruel and curry. It is important
to remember the irrational diversity of
our tastes. Even in Europe and the U.S.
a flavor and appearance unacceptable in
an egg is acceptable in cheese, a smell
unacceptable in chicken is acceptable in
pheasant or partridge, and a flavor un-
acceptable in wine is acceptable in
grapefruit juice. These things are a mat-
ter of habit, and habits, although they
will not change in a day or even a month,
can readily be changed by suitable ex-
ample and persuasion. The essential first
step is to find out what is meant by the
word “suitable.”

Enough experience is now accumulat-

ing for us to define the parameters of
success. The four most important are:

First, research on the novelty should
be done privately and completely, so
that when popularization starts there
can be no rationally based doubts about
the merits of the product.

Second, the novelty should manifestly
be eaten by the innovators themselves.
It is folly to ask people to practice what
we only preach—we must practice it our-
selves.

Third, example is the main factor
leading to a change in habits; it is there-
fore essential to get the support of in-
fluential local people—from film stars to
political leaders. Care should be taken
that the first users are not underpriv-
ileged groups (prisoners, refugees and
so on), because the stigma will not easily
be removed.

Last, an adequate and regular supply
of the product should be assured before
there is any publicity, because it is hard
to reawaken interest that has waned be-
cause the product is not obtainable.

All these proposals, except that of the
4 & simplest form of agricultural exten-
sion, call for research. It is worth con-
sidering who should do it and what form
opposition is likely to take. Opposition
to innovation is an interesting and un-
derinvestigated part of psychopathol-
ogy. It takes three main forms: total,
quasi-logical and “instant.”

Total opposition is the denial of the
problem. Even today there are those
who, in the course of condemning some
specific proposal, sometimes deny that a
protein shortage exists or is impending.
This is a point that should be settled at
the very beginning: “Do we have a prob-
lem or not?” Fortunately for research,
and for humanity, the international
agencies are in agreement that we do.

Quasi-logical opposition comes from
economists. They may accept the prob-
lem but argue that some proposed solu-
tions will be too expensive. There are
two relevant questions: “Compared with
what?” and “How do you know when it
has not been tried?” When there are sev-
eral equally feasible methods for getting
the extra food that is needed in a region,
a comparison of their probable costs is
obviously worthwhile. But when all costs
are, for various reasons, unknown, the
exercise becomes futile because assump-
tions play a larger part in it than rigid
economic argument, and scientists are
better qualified than economists to make
the assumptions; they know more of the
facts, are aware of more possibilities and
are less subject to romantic illusion.

“Instant opposition” arises because in-
novators are apt to irritate right-minded
people, and enthusiasm invites skepti-
cism. The innovator must therefore ex-
pect to run into trouble. When someone
made the old comment that genius was
an infinite capacity for taking trouble,

MUSSELS ARE GROWN in this floating “park” in Vigo Bay on
the northwestern coast of Spain. Suspended from each of the large

34

© 1967 SCIENTIFIC AMERICAN, INC

anchored raftlike structures are ropes on which the mussels are
seeded and grow to maturity (see photograph on opposite page).



Samuel Butler replied: “It isn’t. It is an
infinite capacity for getting into trouble
and for staying in trouble for as long as
the genius lasts.” In an attenuated form
the principle applies even when genius
is not involved. There are many different
ways of getting into trouble, and it is as
naive and illogical to assume that an
idea must be correct because it is meet-
ing opposition as it is to take “instant
opposition” seriously.

The governments of countries with a
food shortage know that, for a decade
at least, more people will be better fed
if money is spent on importing food
rather than on setting up a research
project on means to make more food
from local products for local consump-
tion. The more farsighted statesmen re-
alize that ultimately the research will
have to be done, but it is hard to resist
political pressure, and resistance is
hampered by the high cost of primitive
agriculture. In a market in New Guinea
local sweet potatoes cost three times as
much per calorie as imported wheat,
and fresh fish cost twice as much per
gram of protein as canned fish. So poor
countries are hardly likely to mount re-
search projects.

At the other extreme are the giants
of private enterprise. They already do
very well selling soft drinks and patent
foods in underdeveloped countries, and
their skill in creating a market, regard-
less of the real merits of their product, is
unrivaled. Thus baby foods, which few
experts regard as superior to mother’s
milk, were used in Uganda by 42 per-
cent of the families in 1959, whereas
only 14 percent had used them in 1950.
Undoubtedly there are efficient firms
that operate with strict integrity, and a
few of them have ventured into the pro-
duction of low-cost protein-rich foods.
After the necessary research and prelimi-
nary publicity had been done with mon-
ey from international sources, the Quaker
Oats Company has done a masterly job
in making, distributing and popularizing
Incaparina (maize, sorghum and cotton-
seed) in Central America. And skilled ad-
vertising increased the sales of Pronutro
(soya, peanuts and fish) tenfold in two
years. Other attempts have failed be-
cause the possible profit, when one is
selling to poor people without mislead-
ing them with meretricious advertising,
is too small to cover the costs of the pre-
liminary educational campaign. That, as
I have suggested, can be managed only
with the cooperation of governments and
the local leaders of opinion.

Large-scale private enterprise will
probably not find this activity lucrative,

and from some points of view the meth-
ods of production that would be used
may not be desirable. Already more than
a third of the world’s city population (12
percent of the total population) live in
shantytowns on the fringes of cities, and
rural depopulation is accelerating. This,
together with transport difficulties,
makes it at least arguable that research
attention should be focused on simple
techniques adapted for use in a large
village or small town, rather than on fully
industrialized techniques. The latter
have their place, but they should not be-
come our exclusive concern.

If neither the governments of needy

countries nor private enterprise is
likely to undertake the necessary re-
search and development, it remains for
the governments of industrialized coun-
tries, the international agencies and the
foundations. So far these groups have
been reluctant to admit that any radical
changes in research policy will be need-
ed, but times are changing. The novel-
ties are now at least mentioned by the
F.A.O. even if only to be gently damned
with a few misstatements. On the Bar-
num principle, “I don’t care what people
say about me so long as they talk about
me,” this is a step forward. The govern-
ments of wealthy countries supply most
of the support for the international agen-
cies, they support other forms of aid, and
much knowledge that is of use in poorer
countries is an international by-product
of their more parochial research. They
may feel that they are already doing
their share. Our best hope must there-
fore lie with the foundations. Several
institutes of food technology are needed
to undertake fundamental and applied
research on the production of food from
local products for local consumption. At
least one of the institutes should be in
the wet Tropics and all should give par-
ticular attention to protein sources.
Using locally available material, each
institute should study all the types of
raw material discussed here. This will
ensure that similar criteria are applied to
all of them and that the assessment of
their merits is made objectively and is
not colored by interinstitutional rivalry.
These institutes should also be responsi-
ble for work on the presentation and
popularization of the products made. It
may be that an extension of normal agri-
culture will meet the world’s food needs
for a few more years, but ultimately
more radical research will be needed. It
would be prudent to start it before the
need is even more pressing than it is
at present.
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ROPE COVERED WITH MUSSELS is lift-

ed from the water after mussels are mature.
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The Repair of DNA

The two-strand molecule that incorporates the genetic information

of the living cell is subject to damage. Experiments with bacteria

reveal that the cell has a remarkable ability to repair such damage

by Philip C. Hanawalt and Robert H. Haynes

O ne of the most impressive achieve-
ments of modern industry is its
ability to mass-produce units that
are virtually identical. This ability is
based not solely on the inherent preci-
sion of the production facilities. It also
involves intensive application of quality-
control procedures for the correction of
manufacturing errors, since even the best
assembly lines can introduce faulty parts
at an unacceptable rate. In addition in-
dustry provides replacement parts for
the repair of a product that is subse-
quently damaged by exposure to the
hazards of its natural environment. Re-
cent studies have demonstrated that liv-
ing organisms employ analogous proc-
esses for repairing defective parts in
their genetic material: deoxyribonucleic
acid (DNA). This giant molecule must be
replicated with extraordinary fidelity if
the organism is to survive and make suc-
cessful copies of itself. Thus the exis-
tence of quality-control mechanisms in
living cells may account in large part for
the fact that “like produces like” over
many generations.

Until recently it had been thought
that if the DNA in a living cell were
damaged or altered, for example by ion-
izing radiation, the cell might give rise
either to mutant “daughter” cells or to no
daughter cells at all. Now it appears that
many cells are equipped to deal with
some of the most serious hazards the en-
vironment can present. In this article we
shall describe the experimental results
that have given rise to this important
new concept.

The instructions for the production of
new cells are encoded in the sequences
of molecular subunits called bases that
are strung together along a backbone of
phosphate and sugar groups to form the
chainlike molecules of DNA. A sequence
of a few thousand bases constitutes a
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single gene, and each DNA molecule
comprises several thousand genes. Be-
fore a cell can divide and give rise to two
daughter cells, the DNA molecule (or
molecules) in the parent cell must be
duplicated so that each daughter cell can
be supplied with a complete set of genes.
On the basis of experiments made with
the “chemostat”™a device for maintain-
ing a constant number of bacteria in a
steady state of growth—Aaron Novick
and the late Leo Szilard estimated that
bacterial genes may be duplicated as
many as 100 million times before there
is a 50 percent chance that even one
gene will be altered. This is a remark-
able record for any process, and it seems
unlikely that it could be achieved with-
out the help of an error-correcting mech-
anism.

The ability of cells to repair defects in
their DNA may well have been a signifi-
cant factor in biological evolution. On
the one hand, repair would be advan-
tageous in enabling a species to maintain
its genetic stability in an environment
that caused mutations at a high rate. On
the other hand, without mutations there
would be no evolution, mutations being
the changes that allow variation among
the individuals of a population. The in-
dividuals whose characteristics are best
adapted to their environment will leave
more offspring than those that are less
well adapted. Presumably even the ef-
ficiency of genetic repair mechanisms
may be subject to selection by evolution.
If the repair mechanism were too effi-
cient, it might reduce the natural muta-
tion frequency to such a low level that a
population could become trapped in an
evolutionary dead end.

Although the error-correcting mecha-
nism cannot yet be described in detail,
one can see in the molecular architecture
of DNA certain features that should fa-
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cilitate both recognition of damage and
repair of damage. The genetic material
of all cells consists of two complemen-
tary strands of DNA linked side by side
by hydrogen bonds to form a double
helix [see upper illustration on page 38].
Normally DNA contains four chemically
distinct bases: two purines (adenine and
guanine) and two pyrimidines (thymine
and cytosine). The two strands of DNA
are complementary because adenine in
one strand is always hydrogen-bonded
to thymine in the other, and guanine is
similarly paired with cytosine [see lower
illustration on page 38]. Thus the se-
quence of bases that constitute the code
letters of the cell’s genetic message is
supplied in redundant form. Redundan-
cy is a familiar stratagem to designers
of error-detecting and error-correcting
codes. If a portion of one strand of the
DNA helix were damaged, the informa-
tion in that portion could be retrieved
from the complementary strand. That is,
the cell could use the undamaged strand
of DNA as a template for the reconstruc-
tion of a damaged segment in the com-
plementary strand. Recent experimental
evidence indicates that this is precisely
what happens in many species of bac-
teria, particularly those that are known
to be highly resistant to radiation.

he ability to recover from injury is a

characteristic feature of living or-
ganisms. There is a fundamental diffi-
culty, however, in detecting repair proc-
esses in bacteria. For example, when a
population of bacteria is exposed to a
dose of ultraviolet radiation or X rays,
there is no way to determine in advance
what proportion of the population will
die. How can one tell whether the ob-
served mortality accurately reflects all
the damage sustained by the irradiated
cells or whether some of the damaged



cells have repaired themselves? Fortu-
nately it is possible to turn the repair
mechanism on or off at will.

A striking example can be found in
the process called photoreactivation
[see bottom illustration on page 40]. Al-
though hints of its existence can be
traced back to 1904, photoreactivation
was not adequately appreciated until Al-
bert Kelner rediscovered the effect in
1948 at the Carnegie Institution of
Washington’s Department of Genetics
in Cold Spring Harbor, N.Y. Kelner was
puzzled to find that the number of soil
organisms (actinomycetes) that survived
large doses of ultraviolet radiation could
be increased by a factor of several hun-
dred thousand if the irradiated bacteria
were subsequently exposed to an intense
source of visible light. He concluded
that ultraviolet radiation had its princi-
pal effect on the nucleic acid of the cell,
but he had no inkling what the effect
was. In an article published before the
genetic significance of DNA was gen-
erally appreciated, Kelner wrote: “Per-
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haps the real stumbling block [to under-
standing photoreactivation] is that we
do not yet understand at all well the bi-
ological role of that omnipresent and
important substance—nucleic acid” [see
“Revival by Light,” by Albert Kelner;
SciENTIFIC AMERICAN, May, 1951].

It is now known that the germicidal
action of ultraviolet radiation arises
chiefly from the formation of two un-
wanted chemical bonds between pyrimi-
dine bases that are adjacent to each
other on one strand of the DNA mole-
cule. Two molecules bonded in this way
are called dimers; of the three possible
types of pyrimidine dimer in DNA, the
thymine dimer is the one that forms
most readily [see upper illustration on
page 39]. It is therefore not surprising
that a given dose of ultraviolet radiation
will create more dimers in DNA mole-
cules that contain a high proportion of
thymine bases than in DNA molecules
with fewer such bases. Consequently
bacteria whose DNA is rich in thymine
tend to be more sensitive to ultraviolet
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radiation than those whose DNA is not.

Richard B. Setlow, his wife Jane K.
Setlow and their co-workers at the Oak
Ridge National Laboratory have shown
that pyrimidine dimers block normal
replication of DNA and that bacteria
with even a few such defects are unable
to divide and form colonies [see “Ultra-
violet Radiation and Nucleic Acid,” by
R. A. Deering; SCIENTIFIC AMERICAN,
December, 1962]. In the normal repli-
cation of DNA each parental DNA
strand serves as a template for the syn-
thesis of a complementary daughter
strand. This mode of replication is
termed semiconservative because the
parental strands separate in the course
of DNA synthesis; each daughter cell
receives a “hybrid” DNA molecule that
consists of one parental strand and
one newly synthesized complementary
strand. The effect of a pyrimidine dimer
on DNA replication may be analogous
to the effect on a zipper of fusing two
adjacent teeth.

Claud S. Rupert and his associates at

J

POSTULATED REPAIR-
ENZYME COMPLEX

REPLICATION OF BACTERIAL CHROMOSOME, a ring-shaped
molecule of deoxyribonucleic acid (DNA), has now been shown to
take two forms: normal replication and repair replication. In the
former process the two strands that constitute the double helix of
DNA are unwound and a daughter strand (color) is synthesized
against each of them. In this way the genetic “message” is trans-
mitted from generation to generation. The pairing of complemen-

tary subunits that underlies this process is illustrated on the next
page. In repair replication, defects that arise in individual strands of
DNA areremoved and replaced by good segments. It is hypothesized
that “repair complexes,” composed of enzymes, are responsible
for the quality control of the DNA structure. Although this diagram
shows the swivel mechanism for unwinding the parent strands
to be at the origin, it may in fact be located at the growing point.
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Johns Hopkins University have shown
that photoreactivation involves the ac-
tion of an enzyme that is selectively
bound to DNA that has been irradiated
with ultraviolet. When this enzyme is
activated by visible light (which simply
serves as a source of energy), it cleaves
the pyrimidine dimers, thereby restoring
the two bases to their original form.
Photoreactivation is thus a repair process
that can be turned on or off merely by
flicking a light switch.

et us now consider another kind of re-
pair mechanism in which light plays

no role and that is therefore termed
dark reactivation. This type of repair
process can be turned off genetically, by
finding mutant strains of bacteria that
lack the repair capabilities of the origi-
nal radiation-resistant strain. The “B/+”
strain of the bacterium Escherichia coli,

first isolated in 1946 by Evelyn Witkin of
Columbia University, is an example of a
microorganism that is particularly resist-
ant to radiation. The first radiation-sensi-
tive mutants of this strain, known as
B, 1, were discovered in 1958 by Ruth
Hill, also of Columbia.

Not long after the discovery of the
B strain a number of people suggest-
ed that its sensitivity to radiation might
be due to the malfunction of a particular
enzyme system that enabled resistant
bacteria such as B/ to repair DNA that
had been damaged by radiation. This
was a reasonable suggestion in view of
the steadily accumulating evidence that
DNA is the principal target for many
kinds of radiobiological damage. Experi-
ments conducted by Howard I. Adler
at Oak Ridge and by Paul Howard-
Flanders at Yale University lent further
support to this hypothesis. It had been

known for some years that bacteria can
exchange genes by direct transfer
through a primitive form of sexual mat-
ing [see “Viruses and Genes,” by Fran-
cois Jacob and Elie L. Wollman; Sciex-
TIFIC AMERICAN, June, 1961]. Howard-
Flanders and his co-workers found that
bacteria of a certain radiation-resistant
strain of E. coli (strain K-12) have atleast
three genes that can be transferred by
bacterial mating to radiation-sensitive
cells, thereby making them radiation-
resistant. Since genes direct the synthesis
of all enzymes in the living cell, these
experiments supported the hypothesis
that B;—; and other radiation-sensitive
bacteria lack one or more enzymes need-
ed for the repair of radiation-damaged
DNA.

The question now arises: Do the en-
zymes involved in dark reactivation op-
erate in the same way as the enzyme that

DNA MOLECULE is a double helix that carries the genetic mes-
sage in redundant form. The backbone of each helix consists of re-
peating units of deoxyribose sugar (pentagons) and phosphate
(black dots). The backbones are linked by hydrogen bonds be-
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DNA BASES are held together in pairs by hydrogen bonds. The
cytosine-guanine pair (left) involve three hydrogen bonds, the
thymine-adenine pair (right) two bonds. If the CH; group in thy-
mine is replaced by an atom of bromine (Br), the resulting mole-
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tween pairs of four kinds of base: adenine, guanine, thymine and
cytosine. The bases are the “letters” in which the genetic message
is written. Because adenine invariably pairs with thymine and gua-
nine with cytosine, the two strands carry equivalent information.
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cule is called 5-bromouracil. Thymine and 5-bromouracil are so
similar that bacteria will incorporate either in synthesizing DNA.
Because the bromine compound is to much heavier than thymine
its presence can be detected by its effect on the weight of the DNA.
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is known to split pyrimidine dimers in
the photoreactivation process? Another
possibility is that the resistant cells might
somehow bypass the dimers during repli-
cation of DNA and leave them perma-
nently present, although harmless, in
their descendant molecules.

The actual mechanism is even more
elegant than either of these possibili-
ties; it exploits the redundancy inherent
in the genetic message. The radiation-
resistant strains of bacteria possess sev-
eral enzymes that operate sequentially
in removing the dimers and replacing
the defective bases with the proper com-
plements of the bases in the adjacent
“good” strand. We shall recount the two
key observations that substantiate this
postulated repair scheme.

T he excision of dimers was first demon-

strated by Richard Setlow and Wil-
liam L. Carrier at Oak Ridge and was
soon confirmed by Richard P. Boyce and
Howard-Flanders at Yale. In their stud-
ies cultures of ultraviolet-resistant and
ultraviolet-sensitive bacteria were grown
separately in the presence of radioactive
thymine, which was thereupon in-
corporated into the newly synthesized
DNA. The cells were then exposed to
ultraviolet radiation. After about 30 min-
utes they were broken open so that the
fate of the labeled thymine could be
traced. In the ultraviolet-sensitive strains
all the thymine that had been incorpo-
rated into DNA was associated with the
intact DNA molecules. Therefore any
thymine dimers formed by ultraviolet ra-
diation remained within the DNA. In the
ultraviolet-resistant ~ strains, however,
dimers originally formed in the DNA
were found to be associated with small
molecular fragments consisting of no
more than three bases each. (Thymine
dimers can easily be distinguished from
the individual bases or combinations of
bases by paper chromatography, the
technique by which substances are sepa-
rated by their characteristic rate of travel
along a piece of paper that has been wet-
ted with a solvent.) These experiments
provided strong evidence that dark re-
pair of ultraviolet-damaged DNA does
not involve the splitting of dimers in
place, as it does in photoreactivation,
but does depend on their actual removal
from the DNA molecule.

Direct evidence for the repair step
was not long in coming. At Stanford
University one of us (Hanawalt), togeth-
er with a graduate student, David Petti-
john, had been studying the replication
of DNA after ultraviolet irradiation of a
radiation-resistant strain of E. coli. In
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EFFECT OF ULTRAVIOLET RADIATION on DNA is to fuse adjacent pyrimidine units:
thymine or cytosine. The commonest linkage involves two units of thymine, which are
coupled by the opening of double bonds. The resulting structure is known as a dimer.
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EFFECT OF NITROGEN MUSTARD, a compound related to mustard gas, is to cross-link
units of guanine within the DNA molecule. Unless repaired, the structural defects caused
by nitrogen mustard and ultraviolet radiation can prevent the normal replication of DNA.

these experiments we used as a tracer a
chemical analogue of thymine called
5-bromouracil. This compound is so simi-
lar to the natural base thymine that a
bacterium cannot easily tell the two
apart [see right half of lower illustration
on opposite page]. When 5-bromouracil
is substituted for thymine in the growth
medium of certain strains of bacteria
that are unable to synthesize thymine, it
is incorporated into the newly replicated
DNA. The fate of 5-bromouracil can be
traced because the bromine atom in it is
more than five times heavier than the
methyl (CHj) group in normal thymine
that it replaces. Therefore DNA frag-
ments containing 5-bromouracil are
denser than normal fragments contain-
ing thymine. The density difference can
be detected by density-gradient cen-
trifugation, a technique introduced in
1957 by Matthew S. Meselson, Frank-
lin W. Stahl and Jerome Vinograd at
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the California Institute of Technology.

In density-gradient centrifugation
DNA fragments are suspended in a solu-
tion of the heavy salt cesium chloride
and are spun in a high-speed centrifuge
for several days. When equilibrium is
reached, the density of the solution
varies from 1.5 grams per milliliter at the
top of the tube to two grams per milli-
liter at the bottom. If normal DNA from
E. coli is also present, it will eventually
concentrate in a band corresponding to
a density of 1.71 grams per milliliter. A
DNA containing 5-bromouracil instead
of thymine has a density of 1.8 and so
will form a band closer to the bottom of
the tube.

The entire genetic message of E. coli

is contained in a single two-strand
molecule of DNA whose length is nearly
1,000 times as long as the cell itself. This
long molecule must be coiled up like a
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DEFECTS IN DNA probably distort the symmetry of its helical
structure. To make the distortions more apparent this diagram
shows the DNA in flattened form. A thymine dimer appears in the

skein of yarn to be accommodated with-
in the cell [see “The Bacterial Chromo-
some,” by John Cairns; SciENTIFIC
AMERICAN, January, 1966]. Such a mole-
cule is extremely sensitive to fluid shear-
ing forces; in the course of being ex-
tracted from the cell it is usually broken
into several hundred pieces.

If 5-bromouracil is added to a culture
of growing bacteria for a few minutes
(a small fraction of one generation), the
DNA fragments isolated from the cells
fall into several categories of differing
density, each of which forms a distinct

band in a cesium chloride density gra-
dient. The lightest band will consist of
unlabeled fragments: regions of the
DNA molecule that were not replicated
during the period when 5-bromouracil
was present. A distinctly heavier band
will contain fragments from regions that
have undergone replication during the
labeling period. This is the band con-
taining hybrid DNA: molecules made up
of one old strand containing thymine
and one new strand containing 5-bro-
mouracil in place of thymine. If synthe-
sis proceeds until the chromosome has

left half of the structure; a guanine-guanine cross-link is shown
in the right half. The authors believe the repair complex recog-
nizes the distortions rather than the actual defects in the bases.

completed one cycle of replication and
has started on the next cycle, some DNA
fragments will have 5-bromouracil in
both strands and therefore will form a
band still heavier than the band contain-
ing the hybrid fragments. Finally, one
fragment from each chromosome will in-
clude the “growing point” where the
new strands are being synthesized on
the pattern of the old ones, and thus will
consist of a mixture of replicated and un-
replicated DNA. This fragment, which
is presumably shaped like a Y, will show
up in the density gradient at a position

PHOTOREACTIVATION, a type of DNA repair process, is dem-
onstrated in this photograph of three bacterial culture dishes. The
dish at the left is a control: it contains 368 colonies of B/r strain
of Escherichia coli. The middle dish contains bacteria exposed to
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ultraviolet radiation; only 35 cells have survived to form colonies.
The bacteria in the dish at right were exposed to visible light fol-
lowing ultraviolet irradiation; it contains 93 colonies. Thus ex-
posure to visible light increased the survival rate nearly threefold.



intermediate between the unlabeled
DNA and the hybrid fragments contain-
ing 5-bromouracil.

When we used this technique to study
DNA replication in bacteria exposed to
ultraviolet radiation, we observed a pat-
tern quite different from the one ex-
pected for normal replication. The DNA
fragments containing the 5-bromouracil
appeared in the gradient at the same
position as normal fragments containing
thymine! There could be no doubt of
this because in these experiments we
used 5-bromouracil labeled with triti-
um (the radioactive isotope of hydrogen)
and thymine labeled with carbon 14 [see
illustration on next page].

This pattern, which at first seems puz-
zling, is just the one to be expected if
many thymine dimers—created at ran-
dom throughout the DNA by ultra-
violet radiation—had been excised and if
5-bromouracil had been substituted for
thymine in the repaired regions. As a
result many DNA fragments would con-
tain 5-bromouracil, but no one fragment
would contain enough 5-bromouracil to
affect its density appreciably.

How can we be sure that the density
distribution of 5-bromouracil observed
in the foregoing experiment arises from
“repair replication” rather than from
normal replication? A variety of tests
confirmed the repair interpretation. By
using enzymes to break down the DNA
molecule and separating the bases by
paper chromatography we verified that
the radioactive label was still in 5-bro-
mouracil and had not been transferred to
some other base. Various physical stud-
ies showed that the 5-bromouracil had
been incorporated into extremely short
segments that were distributed randomly
throughout both DNA strands. This
mode of DNA replication was not ob-
served in the B,_; strain of E. coli, the
radiation-sensitive mutant that cannot
excise pyrimidine dimers and therefore
could not be expected to perform repair
replication. Moreover, repair replication
was not observed in the radiation-resist-
ant bacteria in which visible light had
triggered the splitting of pyrimidine
dimers by photoreactivation; this indi-
cates that repair replication is not nec-
essary if the dimers are otherwise re-
paired in situ.

Finally it was shown that DNA re-
paired by dimer excision and strand re-
construction could ultimately replicate
in the normal semiconservative fashion.
This is rather compelling evidence for
the idea that biologically functional
DNA results from repair replication and
that the process is not some aberrant

FRACTION OF BACTERIA SURVIVING

B/r STRAIN

2

4 6 8

NITROGEN MUSTARD EXPOSURE (MILLIGRAMS PER MILLILITER)

RESISTANCE TO LETHAL AGENTS is demonstrated by certain strains of E. coli but not
by others. The B/r strain, for example, shows a high tolerance to doses of ultraviolet
radiation (colored curves) and nitrogen mustard (black curves) that kill a large percentage
of the sensitive B;_, strain. This result suggests that the DNA repair mechanism of the
B/r strain is effective in removing guanine-guanine cross-links produced by nitrogen
mustard as well as in removing thymine dimers formed by exposure to ultraviolet radiation.

form of synthesis with no biological im-
portance.

How can one visualize the detailed
sequence of events that must be involved
in this type of repair? Two models have
been suggested, and the present experi-
mental data seem to be equally compati-
ble with each. The two models are dis-
tinguished colloquially by the terms “cut
and patch” and “patch and cut” [see il-
lustrations on page 43]. The former re-
fers to the model originally proposed by
Richard Setlow, Howard-Flanders and
others. The latter refers to a model that
took form during a discussion at a recent
conference on DNA repair mechanisms
held in Chicago.

The cut-and-patch scheme postulates
an enzyme that excises a short, single-
strand segment of the damaged DNA.
The resulting gap is enlarged by further
enzyme attack and then the missing
bases are replaced by repair replication
in the genetically correct sequence ac-
cording to the rules that govern the
pairing of bases.

In the patch-and-cut scheme the proc-

© 1967 SCIENTIFIC AMERICAN, INC

ess is assumed to be initiated by a single
incision that cuts the strand of DNA
near the defective bases. Repair replica-
tion begins immediately at this point and
is accompanied by a “peeling back” of
the defective strand as the new bases are
inserted. This patch-and-cut scheme is
attractive because it could conceivably
be carried out by a single enzyme com-
plex or particle that moves in one direc-
tion along the DNA molecule, repairing
defects as it goes. Furthermore, it does
not involve the introduction of long,
vulnerable single-strand regions into the
DNA molecule while the repair is taking
place. Both models are undoubtedly
oversimplifications of the actual molec-
ular events inside the living cell, but
they have great intuitive appeal and are
helpful in planning further studies of the
DNA repair process.

Repair replication would be of interest

only to radiation specialists if it were
not for the evidence that DNA structural
defects other than pyrimidine dimers
can be repaired and that similar repair
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TWO KINDS OF REPLICATION can be demonstrated by growing bacteria first in a cul-
ture containing thymine labeled with radioactive carbon 14 and then in a culture contain-
ing 5-bromouracil labeled with radioactive hydrogen 3. In normal replication (left), also
known as semiconservative replication, daughter strands of “hybrid” DNA incorporate
the 5-bromouracil (color). Because 5-bromouracil is much heavier than the thymine for
which it substitutes, fragments of hybrid DNA form a separate heavier layer when they have
been centrifuged and have reached equilibrium in a density gradient of cesium chloride.
When the radioactivity in the various fractions is analyzed (bottom left), carbon 14 appears
in two peaks but hydrogen 3 occurs in only one peak. If the experiment is repeated with
DNA fragments that have undergone repair replication (right), they all appear to be of
normal density. This implies that relatively little 5-bromouracil has been incorporated and
also that the repaired segments are randomly scattered throughout the DNA molecule.
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phenomena occur in organisms other
than E. coli. We shall review some of the
evidence indicating that repair replica-
tion is of general biological significance.

Just as strains of E. coli vary consid-
erably in their sensitivity to ultraviolet
radiation, so they vary considerably in
their sensitivity to other mutagenic
agents. One such agent is nitrogen mus-
tard, so named because it is chemically
related to the mustard gas used in World
War L. It was the first chemical agent
known to be capable of producing mu-
tations and chromosome breaks in fruit
flies and other organisms. Its biological
action arises primarily from its ability to
react with neighboring guanine bases in
DNA, thereby producing guanine-gua-
nine cross-links [see lower illustration
on page 39].

If one compares the survival curves of
different strains of bacteria treated with
nitrogen mustard with survival curves
for bacteria subjected to ultraviolet ra-
diation, one finds that the curves are
almost identical [see illustration on pre-
ceding page]. This similarity led us to
suggest that it is not the altered bases
themselves that are “recognized” by the
repair enzymes but rather the associated
distortions, or kinks, that the alteration
of the bases produces in the backbone of
the DNA molecule. On this hypothesis
one would predict that a wide variety of
chemically different structural defects in
DNA might be repaired by a common
mechanism.

A substantial amount of biochemical
evidence has now accumulated in sup-
port of this idea. We have established,
for example, that repair replication of
DNA takes place in E. coli that have
been treated with nitrogen mustard. Oth-
ers have found evidence that defects
produced by agents as diverse as X rays,
the chemical mutagen nitrosoguanidine
and the antibiotic mitomycin C can all
be repaired in radiation-resistant strains
of E. coli. Walter Doerfler and David
Hogness of Stanford have even found
evidence that simple mispairing of bases
between two strands of DNA can be
corrected.

Finally, it now seems that certain steps
in repair replication may also be in-
volved in such phenomena as genetic
recombination and the reading of the
DNA code in preparation for protein
synthesis. Evidence for these exciting
possibilities has begun to appear in the
work of Howard-Flanders, Meselson
(who is now at Harvard University),
John M. Clark, Jr., of the University of
California at Berkeley, Crellin Pauling
of the University of California at River-
side and other investigators.



Repair replication has also been ob-
served in a number of bacterial species
other than E. coli. For example, Douglas
Smith, a graduate student at Stanford,
has demonstrated the repair of DNA
in the pleuropneumonia-like organisms,
which are probably the smallest living
cells. These organisms, which are even
smaller than some viruses, are thought
to possess only the minimum number of
structures needed for self-replication and
independent existence [see “The Small-
est Living Cells,” by Harold J. Morowitz
and Mark E. Tourtellotte; ScrentiFic
AMERICAN, March, 1962]. This suggests
that repair replication may be a funda-
mental requirement for the evolution of
free-living organisms.

In view of the impressive versatility of
the repair replication process it is nat-
ural to ask if there is any type of DNA
damage that cannot be mended by the
cell. The evidence so far is limited and
indirect, but William Rodger Inch,
working at the Lawrence Radiation
Laboratory of the University of Cali-
fornia, has found that the B/r strain of
E. coli is unable to repair all the damage
caused when it is exposed to certain en-
ergetic beams of atomic nuclei produced
by the heavy-ion linear accelerator
(HILAC). Considering the extensive
damage that must be done to cells by a
beam of such intensely ionizing radia-
tion, the result is not too surprising.

The discovery that cells have the fa-
cility to repair defects in DNA is a
recent one. It is already apparent, how-
ever, that the process of repair replica-
tion could have broad significance for
biology and medicine. Many questions
remain to be investigated: What is the
structure of the various repair enzymes?
Are they organized into particulate units
within the cell? What range of DNA
defects can be recognized and repaired?
Does DNA repair, as we now understand
it, take place in the cells of mammals,
or do even more complicated processes
underlie the recovery phenomena that
are observed after these higher types of
cells are exposed to radiation? Might it be
possible to increase the radiosensitivity
of tumors by inhibiting the DNA repair
mechanisms that may operate in cancer
cells? If so, the idea could be of great
practical value in the treatment of cancer.

These and many related questions are
now being investigated in many labora-
tories around the world. Once again it
has been demonstrated that the study of
what may appear to be rather obscure
properties of the simplest forms of life
can yield rich dividends of much intel-
lectual and practical value.

REPAIR COMPLEX DEFECT

DEFECT REMOVED

DEFECT REPAIRED

“CUT AND PATCH?” repair mechanism was the first one proposed to explain how bac-
terial cells might remove thymine dimers (1) and similar defects from a DNA molecule.
The hypothetical repair complex severs the defective strand (2) and removes the defective
region (3). Retracing its path, it inserts new bases according to the rules of base pairing (4).

REPAIR COMPLEX DEFECT

INCISION PLUS REPLACEMENT

DEFECT REPAIRED

“PATCH AND CUT” mechanism has been proposed as an alternative to the cut-and-patch
scheme. On the new model the repair complex inserts new bases as it removes defective ones.
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Reversals of the Earths Magnetic Field

Some volcanic rocks are magnetized in a direction opposite to that

of the present magnetic field of the earth. The reason is that the

earth’s field has reversed nine times in the past 3.6 million years

by Allan Cox, G. Brent Dalrymple and Richard R. Doell

hen molten volcanic rocks cool
and solidify, the magnetic min-
erals in them are magnetized

in the direction of the earth’s magnetic
field. They retain that magnetism, thus
serving as permanent magnetic memo-
ries (much like the magnetic memory
elements of a computer) of the direction
of the earth’s field in the place and at the
time they solidified. In 1906 the French
physicist Bernard Brunhes found some
volcanic rocks that were magnetized
not in the direction of the earth’s present
field but in exactly the opposite direc-
tion. Brunhes concluded that the field
must have reversed. Although his obser-
vations and conclusion were accepted
by some later workers, the concept of
reversals in the earth’s magnetic field at-
tracted little attention. In the past few
years, however, it has been definitely
established that the earth’s magnetic
field has two stable states: it can point
either toward the North Pole as it does
today or toward the South Pole, and it
has repeatedly alternated between the
two orientations.

There was no basis in theory for an-
ticipating this characteristic of the earth’s
magnetic field. Moreover, theory on the
whole subject of the earth’s magnetism
is so rudimentary that the mechanism of
reversal is still far from being under-
stood. Nevertheless, the magnetic mem-
ory of volcanic rocks, together with the
presence in the same rocks of atomic
clocks that begin to run just when their
magnetism is acquired, has made it pos-
sible to draw up a time scale that shows
no fewer than nine reversals of the earth’s
field in the past 3.6 million years. This
time scale is a valuable tool for dating
events in the earth’s history and may
help earth scientists to deal with such
large questions as how much the con-
tinents have drifted.
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The earth’s magnetic field is the field
of an axial magnetic dipole, which is to
say that it is equivalent to the external
field of a huge bar magnet in the core of
the earth aligned approximately along
the planet’s axis of rotation (or to the ex-
ternal field of a uniformly magnetized
sphere or of a loop of electric current in
the plane of the Equator). The lines of
force in such a field are directed not to-
ward the geographic poles but toward
the magnetic poles, and the angle at any
point between true north and the direc-
tion of the field is called the declination.
The lines of force are also directed, ex-
cept at the Equator, toward or away
from the center of the earth, and the
angle above or below the horizontal is
called the inclination. It is along these
lines of force that the memory elements
in volcanic rocks have been oriented.

The memory elements themselves are
magnetic “domains”: tiny bodies in
which magnetism is uniform. These bod-
ies consist of various iron and titanium
oxides that can be recognized quite
easily under the microscope because, un-
like most rock-forming minerals, they
are opaque to transmitted light and are
excellent reflectors of incident light [see
illustrations on opposite page].

At high temperatures the iron and ti-
tanium oxides are nonmagnetic. They
become magnetic only after they cool
to a critical point called the Curie tem-
perature, which for the common minerals
in volcanic rocks may be as high as 680
degrees centigrade or as low as about
200 degrees, depending on chemical
composition. These temperatures are
well below those at which rocks crystal-
lize (about 1,000 degrees C.), so that it
is clear that rocks are not magnetized
by the physical rotation and orientation
in the earth’s field of previously magne-
tized grains in the molten lava, as was
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once thought. As the minerals begin to
cool through the Curie temperature,
even the earth’s weak field of less than
one gauss is adequate to partly magnet-
ize them. That is because this initial
magnetization is “soft,” like that of iron
or ordinary steel, both of which are easily
magnetized by weak magnetic fields. As
the rocks continue to cool, the minerals
undergo a second abrupt change: the
initially soft magnetism acquired in the
earth’s field is frozen in and becomes
“hard,” like the magnetism of a man-
made permanent magnet.

The pertinent question for the geo-

physicist is how well these magnetic
memory elements function as recorders
of the earth’s field. Do they record its
direction accurately? The most direct
way to assess the accuracy of volcanic
rocks as recorders is to measure the mag-
netism of such rocks that flowed out and
cooled recently in places where the mag-
netic field that existed at the time of flow
is known. We have made such measure-
ments on three lava flows that formed on
the island of Hawaii in the years 1907,
1935 and 1955.

To obtain samples of undisturbed rock
from the solid parts of a lava, a hollow
cylindrical diamond drill is generally
used. From five to eight cylindrical
“cores” are taken from each lava flow to
obtain a representative magnetic direc-
tion for the entire flow rather than for
one isolated sample; each core’s orienta-
tion with respect to the horizontal and to
true north is accurately recorded before
it is removed. Back in the laboratory the
sample’s magnetic vector is determined
with a magnetometer [see middle illus-
tration on page 47]. The results of the
measurements on the three formations
indicate that lava flows record the direc-
tion of the earth’s magnetic field with an



BASALT from the Pribilof Islands, seen in two photomicrographs
made by Norman Prime of the U.S. Geological Survey, is one of the
samples studied by the authors. The magnetic minerals, complex
intergrowths of iron and titanium oxides, are opaque and therefore
appear dark in transmitted light (top) and very bright in reflected

light (bottom). The large clear minerals that are pale green in the
top photograph and black in the bottom one are feldspars and con-
tain the radioactive potassium isotope used for dating. The age of
this rock is 1.95 million years; its magnetism approximately paral-
lels that of the present field. Magnifications are about 600 diameters.

.
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TIME SCALE for reversals of the earth’s magnetic field was established on the basis of
paleomagnetic data and radiometric age obtained for nearly 100 volcanic formations in
both hemispheres. Here the flows with “normal” (blue) and “reversed” (red) magnetism
are arranged by their age (left). It is clear that the data fall into four principal time
groupings, or geomagnetic polarity “epochs,” during which the field was entirely or pre-
dominantly of one polarity. Superimposed on the epochs are shorter polarity “events.”
The sample on the preceding page was one piece of evidence for the Olduvai event.
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accuracy of several degrees, which is am-
ple for most geophysical applications.

If rock magnetism is to provide a rec-
ord of the ancient earth’s field, the mag-
netic record must also be stable. Is the
magnetism of rocks soft like that of iron
and ordinary steel or is it hard like that
of permanent magnets? This question of
stability is so critical that laboratory tests
to deal with it have become an integral
part of paleomagnetic research. The
usual technique is to place a sample from
a rock formation in a kind of magnetic
“washing machine,” subject it to a rapid-
ly alternating magnetic field and deter-
mine the amount of magnetism that
survives. The natural magnetism of most
volcanic rocks turns out to be comparable
in stability to the magnetism of the hard-
est permanent magnets [see illustration
on next page]. Once the magnetic hard-
ness of the rocks from a given flow is
established, the magnetic cleaning proc-
ess can be used to strip away from each
sample whatever soft magnetism has
been acquired (from such sources as
lightning strokes) since the rock solidi-
fied, leaving only the hard magnetism
that reflects the direction of the original
ambient field.

It is clear, then, that paleomagnetism
is accurate and stable enough to provide
information about past states of the
earth’s magnetic field. In assessing such
information one must of course take into
consideration the movement of rock
masses that takes place over a period of
geologic time; the deviation of a sample’s
magnetism from the direction of the
present field could reflect mountain-
building, warping along faults or conti-
nental drift. Our studies of magnetic re-
versal have been restricted, however, to
relatively young rocks and to volcanic
formations we can be fairly sure are still
oriented as they were when they solidi-

fied.

Wf e began our paleomagnetic research
on the island of Hawaii, where we
had tested the technique and where the
superb lava flows exposed on the flanks
of volcanoes provide magnetic records
going back about half a million years.
We collected samples from 107 of these
flows and found that their declination
angles clustered at around 10 degrees
east of true north and their inclination
angles at around 30 degrees below the
horizontal [sce illustration on page 49].
This was just about what we expected
on the basis of the dipole nature of the
earth’s field.
Studies of other young volcanic rocks
along the eastern edge of the Pacific

SAMPLES for paleomagnetic studies are cores drilled from volcanic formations. The direc-
tion of magnetization (M) is expressed as the declination angle between true north and the
horizontal projection (H) of M and the inclination angle of M above or below horizontal.

CORE is mounted on a magnetometer. As the shaft rotates, electrical signals (V and V)
are induced in the coils by the core and a test magnet and can be displayed on an oscillo-
scope. The intensity and direction of the core’s magnetism are determined by comparing
the magnitudes of the signals and their phase shift, which is equal to the declination (D).

HORIZONTAL TRUE NORTH  FIELD IN 1907

[} A

S

FIELD IN | [

1907

90°
ANGLES (color) of inclination (left) and declination (right) of six cores from a 1907 Ha-

waiian lava flow cluster about the known angles of the 1907 field. Although angles obtained
from individual cores vary, the average values are accurate measures of the historic field.
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“HARDNESS” of the magnetism of basalt samples is expressed as the amount of magnetism
remaining after “washing” in alternating magnetic fields of various strengths. The stability
of the rocks’ magnetism is far greater than that of the alloy “mu metal” or of steel; it is
comparable to that of the alloy Alnico, of which permanent magnets are often made.

ocean basin have yielded similar re-
sults. At the high latitude of the Pribilof
Islands in the Bering Sea the magnetic
vectors of the lava flows are inclined
steeply downward, as one would expect
for a dipole field in high latitudes,
whereas in the Galapagos Islands on the
Equator the magnetic vectors are al-
most horizontal. Measurements in many
parts of the world indicate that during
the time spanned by these young lava
flows (roughly half a million years) the
earth’s field was essentially dipolar and
was aligned as it is today.

Quite different results are obtained
when paleomagnetic techniques are ap-
plied to somewhat older lava flows. Only
about half of these flows are magnetized
in the same direction as the younger
ones; the remainder are magnetized in
the opposite direction. For example,
some volcanic rocks at middle latitudes
in the Northern Hemisphere are mag-
netized toward the south and upward,
rather than toward the north and down-
ward [see upper illustration on page 50].
In recent years this “antiparallel” mag-
netism has been found in thousands of
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samples of volcanic rock from all over
the world by scores of investigators
working independently. Sampling has
been particularly intensive in the range
of ages between 3.5 million years ago
and the present, and the paleomagnetic
results obtained are always remarkably
similar. The magnetic vectors fall into
two groups: “normal” vectors nearly par-
allel to the present field of the earth and
“reversed” ones that are nearly opposite.
Most of the data are clustered within 30
degrees of these two directions, with
very few vectors oriented in intermediate
directions [see lower illustration on
page 50].

The immediate implication is that the
earth’s magnetic field has indeed re-
versed its direction in the past. Brunhes
so interpreted his results in France in
1906, although he cautiously restricted
field-reversal to the area from which he
collected his samples. In 1929 Motonori
Matuyama also found evidence that the
field had reversed, but he too restricted
his conclusions to the area in Japan from
which his samples had come. The ac-
cumulating evidence that reversed mag-
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netic directions are invariably opposite
to the present field direction at the sam-
pling site led in time to the hypothesis
that the sample reversals are not local
but global; in other words, that the en-

tire field reverses.
A} important alternative explanation
must be considered before the field-
reversal hypothesis can be accepted. The
alternative is that rocks magnetized in
reverse may possess some special min-
eralogical property that causes them to
become so magnetized in a normal field.
The existence of such “self-reversal” in
rocks was suggested in 1950 by John
Graham, then at the Carnegie Institu-
tion of Washington’s Department of Ter-
restrial Magnetism, as an explanation for
the occurrence of both normal and re-
versed magnetism in rock samples that
had formed simultaneously. Graham’s
suggestion stimulated the French physi-
cist Louis Néel to examine the problem
from the viewpoint of solid-state physics,
and Néel soon discovered several ways
in which self-reversal might occur. Ex-
perimental confirmation came almost
immediately. At the Philips Research
Laboratories in the Netherlands, E. W.
Gorter synthesized an iron-chromium-
manganese compound that underwent
self-reversal, and S. Uyeda and T. Na-
gata of the University of Tokyo found a
self-reversing volcanic rock.

It is thus apparent that at least some
volcanic rocks are not infallible magnetic
recorders. Like laboratory recorders that
are hooked up backward, they sometimes
record a signal that is not only wrong
but is exactly wrong by 180 degrees.
If all reversed magnetism could be ex-
plained in this way, the experimental
evidence for reversals in the earth’s mag-
netic field would vanish. An obvious ex-
periment is to heat and then cool rock
samples in a known field and measure
their acquired magnetization. This op-
eration has been performed on many
hundreds of rock samples with reversed
magnetism, and fewer than 1 percent
have turned out to be self-reversing.

Therefore the laboratory evidence fa-
vors the field-reversal hypothesis. Like
many rock-forming processes, however,
the acquisition of natural magnetism
cannot be reproduced with complete fi-
delity in the laboratory. The missing in-
gredient is time, and for certain of the
theoretical self-reversing processes this
ingredient is crucial. For example, John
Verhoogen of the University of Cali-
fornia at Berkeley has shown theoretical-
ly that whereas certain iron oxides con-
taining impurities of aluminum, mag-



nesium or titanium would be magnetized
normally when cooled rapidly in a nor-
mal magpnetic field, the magnetism could
be reversed as the atoms in the cooled
oxide reordered themselves toward an
equilibrium distribution. The calculated
time required for this self-reversal is on
the order of 100,000 to a million years,
so that it could hardly be reproduced in
the laboratory. The theoretical studies by
Néel and Verhoogen showed that the
fact that self-reversal is rare in the lab-
oratory does not make it safe to conclude
that it is equally rare in nature. How,
then, could one determine the geophys-
ical significance of reversed magnetism?
Two main lines of experimental attack
have been pursued during the past dec-
ade, each closely related to one of the
two proposed reversal-producing proc-
esses.

One approach was to search for a cor-
relation between the magnetism of rocks
and their mineralogy. Even though self-
reversals may not always be reproducible
in the laboratory, if all reversed magnet-
ism is due to a process occurring on the
mineralogical level, rocks with reversed
magnetism should be somehow differ-
ent from those with normal magnetism;
chemical processes being the same the
world over, the unique mineralogical
properties associated with reversed mag-

netism should appear in rocks from all
over the world.

This approach has been pursued most
actively by P. M. S. Blackett at the Im-
perial College of Science and Technol-
ogy in London and Rodney Wilson at
the University of Liverpool. In some se-
quences of rocks Wilson has found a cor-
relation between reversed magnetism
and mineralogical properties, but in oth-
er rocks he finds no such correlation.
Like Wilson, we have occasionally noted
a correlation between mineralogy and
magnetism within a sequence from one
locality, but such a local correlation may
well stem from the tendency of volcanic
flows to occur in pulses. Between two
successive pulses separated by a long
time interval the mineralogical character
of the lavas commonly changes; if the
polarity of the earth’s field also happens
to change in this interval, there will be
an apparent correlation between miner-
alogy and polarity. In short, mineral-
ogical investigations have not yielded
evidence that all or even most reversed
magnetism is produced by self-reversal.

The second experimental approach

- followed from an implication of the
field-reversal theory: If the earth’s mag-
netic field alternates between intervals
when it is normal and intervals when it
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PALEOMAGNETIC RESULTS are shown for 107 volcanic forma-
tions on the island of Hawaii. Each angle represented in these his-
tograms is an average derived from five or more cores in one lava
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is reversed, the geologic ages of normal
and reversed rocks should fall into cor-
responding intervals. Data bearing on
the age and magnetism of rocks should
provide a yes-or-no answer to the validi-
ty of the field-reversal theory and, if the
theory is valid, should yield a time scale
for reversals. Matuyama had noted in
1929 that the geologic age of all the
rocks with reversed magnetism in Japan
was early Pleistocene (about a million
years ago), whereas younger rocks in-
variably had normal magnetism. The
strongest possible evidence in support of
the field-reversal theory would be to ex-
tend Matuyama’s study to show that
rocks from all parts of the world, regard-
less of mineralogy, occur in similar nor-
mal and reversed sequences that are
time-dependent.

The difficulty lay in finding a suffi-
ciently precise method for establishing
the age relations of normal and reversed
rocks. Many techniques that yield fairly
precise age relations when applied to
older rocks are based on plant and ani-
mal fossils; these techniques begin to
break down when applied to the past
million years or so because of the slow
rate at which evolution proceeds and the
time required for plant and animal mi-
grations. A solution that suggested itself
was some kind of radioactive clock, and

0 30 60 90
INCLINATION ANGLE (DEGREES)

flow. The data are grouped in a mean northerly direction and at a
mean inclination of about 30 degrees below the horizontal. That
is, they roughly parallel the present direction of the earth’s field.
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our search quickly narrowed to the po-
tassium-argon clock first suggested in
1940 by Robley D. Evans of the Massa-
chusetts Institute of Technology and
now widely applied in geological investi-
gations. Potassium 40, a radioactive iso-
tope that constitutes .012 percent of all
potassium, can be found as a chemical

INCLINATION ANGLES from flows in Alaska, the U.S. West
(California, Idaho and New Mexico), the island of Hawaii and the
Galapagos Islands are shown by the heavy colored arrows. The
flows range up to three million years in age. The angles fall into
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DECLINATION ANGLES from 229 flows up to three million years
old in Alaska, the western U.S., Hawaii and the Galapagos Islands
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constituent in most rock-forming miner-
als. It decays at a known and constant
rate to argon 40, a gas that forms no
known compounds.

The argon is trapped within the crys-
tal structure of the minerals, and if the
minerals are not heated or changed in
some way, it accumulates there. Its
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amount is a function of the amount of
potassium present and the length of time
since the decay and entrapment proc-
esses began. Therefore by measuring the
amount of potassium 40 and argon 40 in
a rock one can calculate its age. Argon
will not accumulate as long as the rock
is in a molten state, so for volcanic rocks

\ |

two distinct groups: a “normal” group aligned with the earth’s
present field, that of a bar magnet pointed toward the South Pole
(left), and a “reversed” group appropriate to an oppositely orient-
ed field (right). All the flows on Hawaii had normal magnetism.

-I--
180 210 240

270

display a similar twofold grouping: northerly (normal) and south-
erly (reversed). Intermediate directions are seldom observed.



the potassium-argon clock is started only
when the rock solidifies.

The amount of potassium 40 in a
sample is usually determined by measur-
ing all the potassium in the sample by
standard chemical methods and then cal-
culating the potassium 40 from its known
relative abundance. The argon deter-
mination is more difficult because the
amounts are extremely small. In a typical
10-gram sample of basalt a million years
old the amount of argon 40 from potas-
sium 40 is 10 (.000000001) gram, and
the accuracy of the dating depends on
the accuracy with which this argon can
be measured. A sample of the rock or
mineral is placed in a gas-extraction ap-
paratus and melted to release the ac-
cumulated argon 40. Reactive gases such
as oxygen, nitrogen and water are re-
moved. During the extraction a known
amount of isotopically enriched argon,
called the tracer, is mixed with the gas
from the sample, so that the final argon
gas consists of three components: the
argon 40 whose amount is to be deter-
mined; the tracer, which is mostly argon
38 but which also contains some argon
36 and argon 40, and contaminating ar-
gon from the atmosphere, for which a
correction must be made. This argon
mixture is analyzed with a mass spec-
trometer that gives the relative amounts
of the three isotopes of argon. Knowing
the amount of the enriched tracer and its
isotopic composition, and the relative
composition of atmospheric argon and of
the total gas mixture, one can calculate
the amount of argon derived from potas-
sium 40. This information is used with
the results of the potassium analysis to
determine the age of the rock.

For the reversal problem the potas-
sium-argon method has several distinct
advantages over other dating methods.
It can be applied to a wide variety of
volcanic rocks. It is also the only dating
method that can be applied in the range
from a few thousand to several million
years ago. And, as we have noted, the
potassium-argon clock starts to run at
exactly the same time the magnetic rec-
ord is frozen into a volcanic rock.

r[‘he potassium-argon dating method

has now been successfully applied to
rocks from nearly 100 magnetized vol-
canic formations with ages ranging from
the present back to 3.6 million years [see
illustration on page 46]. This work has
been done primarily by ourselves at the
U.S. Geological Survey laboratory in
Menlo Park, Calif., and by Ian Mec-
Dougall, D. H. Tarling and F. H. Cha-
malaun at the Australian National Uni-

GAMMA RAY
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POTASSIUM-ARGON CLOCK by which reversals of the earth’s field are dated is based on
the decay of potassium 40 to yield argon 40. In the decay an extranuclear electron captured
by the potassium nucleus converts a proton to a neutron and a gamma ray is emitted.

versity. Relevant data have also been
contributed by M. Rutten of the Univer-
sity of Utrecht and by C. S. Grommé,
R. L. Hay, J. F. Evernden and G. H.
Curtis of the University of California at
Berkeley. The rocks that were inves-
tigated came from different parts of the
world and are of different types, so that
the available data come from heteroge-
neous sources.

As the illustration on page 46 shows,
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the ages of these magnetically normal
and magnetically reversed rocks are well
grouped in distinct sequences, leaving
little room for doubting the reality of
geomagnetic field reversals. To explain
them by self-reversal would require an
unreasonable kind of coincidence involv-
ing synchronous worldwide changes in
the nature of the processes by which
minerals are formed and magnetized.
Four major normal and reversed se-

POLARITY IN OCEAN CORES

DEPTH BELOW OCEAN FLOOR (METERS)

"

DEEP-SEA SEDIMENTS confirm the field-reversal time scale. Magnetic particles become
oriented in the direction of the earth’s field as they settle through the water; a core that
samples many layers of sediments may record a series of normal (gray) and reversed (col-
or) epochs and events. Here cores from antarctic waters are correlated with the time scale.
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MAGNETIC ANOMALIES have been discovered in ocean floors, particularly along mid-
ocean rises. One pattern was mapped in an area (durk color) on the mid-Atlantic ridge.
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ANOMALY PATTERN in the area delineated on the map at the top of the page is strik-
ingly symmetrical. The parallel bands in which the earth’s field is stronger (stippled) or
weaker (white) than the regional average are oriented along the ridge’s axis. The magnetic
bands are presumably produced by bands of rock with normal and reversed magnetism.
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quences are defined by the paleomag-
netic and radioactive-clock data for the
past 3.6 million years. We call these
major groupings geomagnetic polarity
epochs and have named them for people
who made significant contributions to
our knowledge of the earth’s magnetic
field. Superimposed on the polarity
epochs are brief fluctuations in magnetic
polarity with a duration that is an order
of magnitude shorter. We call these oc-
casions polarity events and have named
them for the localities where they were
first recognized.

The polarity events are important for
theories of the earth’s magnetism be-
cause they emphasize the irregular na-
ture of reversals of the earth’s field. The
first polarity event to be discovered was
the “Olduvai” normal event, which is
recorded in a flow in Olduvai Gorge in
Tanzania that was investigated in 1963
by Grommé and Hay. At first the Ol-
duvai flow was thought to lie within
the “Gauss” normal polarity epoch and
hence was not recognized as an anomaly.
When better dating of the epochs placed
the date of the Olduvai flow within the
“Matuyama” reversed epoch, it ap-
peared to be an unexplained anomaly in
an otherwise coherent picture.

The explanation that the Olduvai re-
sult represents a brief, worldwide fluc-
tuation in polarity was first advanced by
us after we discovered in the Pribilof
Islands three lava flows that are normally
magnetized, like the Olduvai flow, and
that have similar ages of about 1.9 mil-
lion years. These flows were sandwiched
between reversed flows that gave slight-
ly older and slightly younger ages, pro-
viding the evidence that confirmed the
existence of polarity events. Since then
we have recognized and named two ad-
ditional events: a reversed one that was
recorded 3,050,000 years ago at Mam-
moth, Calif., and a normal one record-
ed about 900,000 years ago in some rocks
near Jaramillo Creek in New Mexico.
The Jaramillo event was recently con-
firmed by Chamalaun and McDougall in
their study of lava flows on Réunion Is-
land in the Indian Ocean, where they
also found two additional flows that rep-
resent the Olduvai event.

Only rarely does a sequence of lava
flows succeed in capturing a record of a
polarity transition. This indicates that
the time required for a complete change
of the earth’s magnetic field from one
polarity to another is amazingly short;
our best estimate of the transition time is
5,000 years. This is based on the ratio
between the number of lava flows that
happen to have recorded the earth’s



field during a transition and the number
of flows with clearly defined normal or
reversed directions. An indirect estimate
of this kind is necessary because the po-
tassium-argon dating method is unable to
resolve age differences as small as 5,000
years. On the scale of geologic time,
polarity transitions appear to be almost
instantaneous, and they therefore pro-
vide sharp time markers indeed.

rI‘he idea that the earth’s magnetic field
* reverses at first seems so preposterous
that one immediately suspects a violation
of some basic law of physics, and most
investigators working on reversals have
sometimes wondered if the reversals
are really compatible with the physical
theory of magnetism. The question is
meaningful only within the context of a
broader question: Why does the earth
have a magnetic field? Geophysicists are
simply not sure. After centuries of re-
search the earth’s magnetic field remains
one of the best-described and least-
understood of all planetary phenomena.
The only physical mechanism that has
been proposed as the basis of a tenable
theory is the mechanism of a magneto-

SPREADING of the ocean floor could explain the magnetic-anom-
aly patterns. According to one theory (see text) convection currents
bring molten material up under the mid-ocean ridge, where it cools,

< 2
ZONE OF COOLING
AND MAGNETIZATION

hydrodynamic dynamo. According to
this theory, which has been developed
primarily by Walter M. Elsasser, now at
Princeton University, and Sir Edward
Bullard of the University of Cambridge,
the molten iron-and-nickel core of the
earth is analogous to the electrical con-
ductors of a dynamo. Convection cur-
rents in the core supply the necessary
motion, and the resulting electric cur-
rents create a magnetic field. The entire
regenerative process presumably began
with either a stray magnetic field in the
earth’s formative period or with small
electric currents produced by some kind
of battery-like action [see “The Earth as
a Dynamo,” by Walter M. Elsasser;
SCIENTIFIC AMERICAN, May, 1958].
The mathematical difficulties of this
theory are immense. It is impossible to
predict what the intensity of the earth’s
field should be or whether it fluctuates or
remains stationary. Certainly the theory
is in too rudimentary a state for one
to predict whether reversals should or
should not occur or should occur only
under certain conditions. On the other
hand, complete mathematical solutions
have been obtained for simple theoreti-
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cal models of dynamos, and these models
do show spontaneous reversals of mag-
netic field; some of the models show
sequences of reversals that are strikingly
similar to the geomagnetic polarity time
scale. These results at least demonstrate
that magnetic reversals are possible in
self-regenerating dynamos. The fact
remains that observations are leading
theory in this area of investigation, and
any complete theory of geomagnetism
will eventually have to accommodate the
observed reversals of the field.

N[eanwhile geologists are applying the
~T-% reversal time scale to establish age
relations among rocks they would be
hard put to date any other way. An
especially important application is in
determining the ages of deep-sea sedi-
ments, which are very difficult to date
beyond the short range of 200,000 years.
It has long been recognized that fine-
grained sediments may become magnet-
ized in the earth’s field as they drift
slowly downward in quiet water. Re-
cently C. G. A. Harrison and B. M. Fun-
nell of the Scripps Institution of Ocean-

ography and N. D. Opdyke and D. E.

becomes magnetized and then spreads laterally away from the
ridge. Symmetrical bands of normal and reversed rocks would be
produced by the combined effect of field reversal and spreading.
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“MAGNETIC WASHING MACHINE” devised by the authors subjects a sample placed in
the chamber (center) to an alternating magnetic field while rotating it about three per-
pendicular axes. The sample’s hard magnetism is unaffected, but the soft component, forced
to change direction repeatedly, is destroyed as the alternating current is reduced to zero.

Hayes and their colleagues at the La-
mont Geological Observatory of Colum-
bia University have observed magnetic
reversals in the sediments of deep-sea
cores [see bottom illustration on page
51]. In one core in particular (from the
Bellingshausen Sea near Antarctica) Op-
dyke and Hayes found a polarity record
going back to the “Gilbert” epoch, or
3.6 million years, in which the pattern of
reversals is remarkably similar to the
pattern of our polarity time scale. Even
the brief polarity events are clearly dis-
cernible. These findings confirm the re-
versal time scale determined from vol-
canic rocks and suggest that polarity
studies can provide a method for de-
termining rates of sedimentation and
for establishing worldwide correlations
among various deep-sea sediments, two
problems that have long perplexed
oceanographers. Magnetic studies are
also helping to establish stratigraphic
links between marine and continental
rocks. Magnetic-reversal stratigraphy
has shown, for example, that sediments
of glacial origin on Iceland and at the
bottom of the Bellingshausen Sea were
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both deposited at about the end of the
“Gauss” normal polarity epoch, or about
2.5 million years ago—a fact of consider-
able importance for Pleistocene geology.

Reversals may explain certain puz-
zling magnetic anomalies characteristic
of many oceanic areas, particularly those
adjacent to the mid-ocean rises, or
ridges [see “The Magnetism of the
Ocean Floor,” by Arthur D. Raff; Scr-
ENTIFIC AMERICAN, October, 1961].
These anomalies are parallel bands, ex-
tending for hundreds and even thou-
sands of miles, in which the intensity of
the earth’s magnetic field is higher or
lower than the average for the region.
It is easy to see how the presence of
normal and reversed magnetized rock
formations in the crust of the earth,
which would add to and subtract from
the earth’s main dipole field, could ac-
count for such findings. Many of the
magnetic-anomaly patterns, however,
display a striking symmetry around the
crests of certain mid-ocean ridges [see
illustrations on page 52] that is difficult
to explain on the basis of familiar vol-
canic processes.
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Recently F. J. Vine, now at Princeton
University, and J. H. Matthews of the
University of Cambridge have pointed
out that ideas advanced by Harry H.
Hess of Princeton and by the Canadian
geophysicist J. Tuzo Wilson to account
for certain characteristics of ocean basins
and their margins and also for the drift-
ing of continents may shed light on the
symmetrical anomalies. Hess and Wilson
had suggested that convection currents
in the earth’s mantle, the layer below the
crust, may bring material up to form a
mid-ocean ridge and then move the ma-
terial outward, away from the ridge [see
“Continental Drift,” by J. Tuzo Wilson;
ScIENTIFIC AMERICAN, April, 1963]. If
successive bands solidified and were
magnetized during successive polarity
epochs, Vine and Matthews reported,
the symmetry of the patterns could be
explained on this basis. So could the par-
ticular spacing of the bands along the
mid-Atlantic ridge, for example, pro-
vided that the sea floor is spreading at
the rate of about one centimeter per
year [see illustration on preceding pagel].
This rate is consistent with earlier es-
timates by Wilson. Although the hy-
pothesis of sea-floor spreading seems to
be inconsistent with some other lines of
evidence and has been resisted by many
oceanographers and geologists, the mag-
netic evidence seems to reinforce it.

Reversals of the earth’s magnetic field
may even have implications for the his-
tory of life on our planet. R. J. Uffen
of the University of Western Ontario
pointed out in 1963 that if the magnetic
field of the earth disappears or is greatly
attenuated during a reversal in polarity,
the earth would lose some of its magnetic
shielding against cosmic rays; with the
resulting increase in radiation dosages,
mutation rates should increase. Paleo-
magnetic evidence for the behavior of
the earth’s field during polarity transi-
tions is fragmentary, but there are in-
dications that the field may be only about
a fifth as intense as in normal times.
Uften argues on paleontological grounds
that rates of evolution were exceptionally
high at times when the earth’s magnetic
field was undergoing many changes in
polarity, although the support for this
conclusion in the paleomagnetic record
is rather weak. Cores examined by Op-
dyke and Hayes do provide some support
for Uffen’s theory in that major changes
in the assemblages of microfossils ap-
pear near two of the magnetic-polarity
changes. Much additional information is
needed, however, before it will be possi-
ble to judge the extent to which field re-
versalsmay have affected life on the earth.



The hope of doing each other some good prompts these advertisements

You want a fast emulsion?

We have recently made a photographic
emulsion based on a new line of reason-
ing (J. of the Optical Society of America,
55:907) and sent it out on some plates to
the Palomar Observatory. Here is a
comparison at 10X of what the new
plate saw (rop) with what was seen

before in a certain tiny piece of sky near
Messier 101.

The new emulsion extends the limit of
optically observable celestial objects by
another magnitude or two. You might
think that to record such a faint trickle
of photons —perhaps the oldest physical
entities sensible to man —might require a
new high in emulsion speed. Not so. The
trick was turned by going to a slower
emulsion, but of a very special nature. It
doesn’t lose the tiny difference made by
the age-old photons among all the other
photons around, even with the hour-long
exposure required for a statistically sig-
nificant sampling of the photons.*

Though a plateful of spaghetti impresses
far more inhabitants of this planet than does a
plateful of new galaxies, we ourselves are
sufficiently impressed to make the plate a
regular product, hereafter designated KobAk
““Spectroscopic” Plate, Type Illa-J. Informa-
tion about it and other plates and films de-
signed for long-time exposures can be ob-
tained from Dept. 918, Eastman Kodak
Company, Rochester, N.Y. 14650.

Here are three men from Dept. 918
photographed by the light of a single
match. They are exploring the extent of

*Controlled baking of the plate yields greater sensi-
tivity by improving its reciprocity characteristic and
its quantum efficiency. This means that you get to use
a lot of photons that would otherwise be lost and
therefore get your sampling done in a shorter time.
Contrary to our naive conjecture, you do not lose the
advantage of improved S/N which was acquired by
going to a fine-grain emulsion and long exposure.
Moral: you can have your cake and eat it too —if it’s
baked twice, once at the factory and once in your
own oven!

customer interest in the film on which
they were photographed. Unlike the
emulsion for plumbing the universe, this
one is just plain more sensitive to light
than any we have ever before offered.

Plain? That depends. It depends on
processing. An experimental product
still designated ““S.O. 166,” this film can
be processed to a negative in the routine
way — by hand or in a KODAK VERSAMAT
Film Processor—and appear to be no
faster than our older superfast films.
With those films, if you try to compen-
sate for too skimpy exposure by tripling
the development time, all you do is con-
vert more silver halide into black silver
without much reference to the light
values in the subject you were trying to
photograph. With S.0. 166, extended
development can multiply the effective
light sensitivity as much as fourfold
before the fog closes in. There is some
sacrifice in sharpness and granularity,
but the resolving power is enhanced by
the higher contrast that is obtained. For
streamer chambers (research hardware
for the other end of the scale from
galaxies), re-entry studies, fast rises on
P-11 phosphor screens, surveillance of
dimly lit antisocial activities, and appli-
cations that require fleeting signals to be
recorded on a go or no-go basis, S.0. 166
is probably great and should outsell
galactic plates by a factor of many
thousands.

The three on a match would be interested
to learn of your requirements. Don’t expect
any S.0. 166 yet for the family camera.

A corporation’s thoughts
about ‘“science”

A corporation is an artificial person. It
can therefore aspire to immortality.
Furthermore the device affords a con-
venient fagade for lively mortals.

If we hadn’t had good people we
wouldn’t be where we are today, but we
don’t have enough of them to face the
problems of the years ahead.

We are getting smarter. We now under-
stand that just people aren’t enough. We
require individuals—no two too much
alike.

Ideally, we hope by these words to
attract into our midst an individual who
will proceed to scientific accomplish-
ments that freshman textbooks of the
1990s can scarcely ignore. An alterna-
tive ideal outcome would be to attract
another and very different individual
who will eventually turn from direct
personal contribution to science and
will wind up as chairman of the corpora-
tion’s board of directors in the 1990s.

The effort will still have been worth-
while if it merely advises a few scientists
that our size, organic integration, and
diversification mean for the individual
freedom of choice where his scientific
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interests and experiences can lead him as
the years go on. We serve human needs
both through the photographic process
and through technologies now grown far
away from photography. Thus we find
economic support for a very broad range
of fundamental studies on which the
technologies may possibly feed. Hence
the freedom in area of work.

We have come to appreciate also the
need for freedom in choosing an ap-
proach to scientific problems. Strongly
motivated scientists we can set free to
put up to 1009, of their working time
into research. They can have assistance
and auxiliary laboratory services by col-
leagues themselves well recognized as
experts in their techniques—a situation
that fortunately prevails in the Kodak
Research Laboratories. They can com-
municate freely with peers and yet need
not carry the ‘“‘teamwork™ figure of
speech to where one forgets his own
name in return for a dry stall and an
assured bag of oats.

Anyone of any race who is approaching the
threshold of a working career in chemistry,
physics, or possibly in biology and who feels
himself or herself sufficiently swayed by this
eloquence to try to match interests developed
in graduate school against what we currently
imagine to be our own research interests
should establish communication through Dr.
Dudley B. Glass, Eastman Kodak Company,
Rochester, N.Y. 14650.

Vitamin E in Pittsburgh
and Rochester

We have reported a curious finding in
The American Journal of Clinical Nutri-
tion (17:351). Blood level of a-tocopherol
(the substance principally responsible
for the physiological vitamin E effect)
averaged 358 = 21 ug per cent in a
group of 37 Pittsburghers whose serum
lipids we were permitted to analyze.
None of them had given their physicians
any clinical evidence of vitamin E de-
ficiency, but many were in an economic
status that had brought them with other
medical problems to a public hospital.
This compared with 507 = 32 ug per
cent for a group of 37 persons in Roch-
ester, N.Y., randomly picked from a
healthy, working population, some of
whom had been taking multivitamin
tablets but no special vitamin E supple-
mentation.

Besides vitamin E in bulk for the pharma-
ceutical and animal agriculture industries,
Distillation Products Industries (Division of
Eastman Kodak Company), Rochester, N.Y.
14603, also markets EASTMAN CHROMAGRAM
Sheet, the convenient new medium for thin-
layer chromatography — convenient for
anyone in a position to see for
himself how significant might
be the differences in tocoph-
erol level in the population’s
plasma. Paper cited

gives suggestions on
the procedure.
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World tin shortage relieved
by fairer tin prices.
Production of Straits Tin
from Malaysia up 8.8% in
first nine months of 1966.
Fair tin prices during 24
months ending September 1966
opened 312 new mines
(mostly on low-grade
ground); increased mining
labor force over one-third
to 48,489; boosted annual
output by 6,616 long tons.

Continued high production
requires a tin price of
around $1.50 per 1lb.

Improved tin-containing
materials now available
to up-grade product per-
formance: tin coatings for
reduction of fretting wear
stronger tin-coated
steels continuous
cast tin bronzes with de-
sign versatility .
improved plating of alu-
minum (including tin
treatment) harder
and faster-machining cast
irons a new bearing
alloy.

Gold solder. Microminiature
circuitry demands new
solders of the most exacting
purity and in compositions
guaranteed to close
tolerances. Example:
g0l1d/20% tin solder.

an 80%

Diamond die. More uniform
tin-coated copper wire can
be produced by method now
used in France. Tinned
wire is drawn through a
diamond die wiper at high
speeds from 20 to 80
ft/sec. depending on dia.

Free newsletter. Write today
for a free subscription to
TIN NEWS——a monthly 6- to
8-page newsletter on tin
supply, prices and new uses.

The Malayan Tin Bureau
2000 K St., N.W. Dept. 39-B
Washington, D.C. 20006
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Death in America

A fter reaching an all-time low in
A 1954, the U.S. death rate climbed
' by 4.7 percent in the next dec-
ade, from 919 deaths per 100,000 popu-
lation to 961.9 in 1963. Although much
of this increase can be attributed to the
changing age composition of the popula-
tion, there were also significant changes
in the death rate from different causes.
Among diseases showing the sharpest
10-year increase were two closely asso-
ciated with cigarette smoking: arterio-
sclerotic heart disease and respiratory
cancer (chiefly lung cancer). The former
increased by 23 percent and the latter
by 46 percent in the decade 1954-1963.
The 13 leading causes of death and
the 10-year change for each are shown
in the following table. (The first num-
ber is the 1963 death rate per 100,000
population; the second number is the
percent change since 1954; a blank in-
dicates that the change is less than 7
percent.)

Arteriosclerotic

heart disease 290.0 +23%
Stroke 106.7
Cancer of the digestive

organs 49.3 —7%
Pneumonia and influenza 37.5 448%
Diseases of infancy 33.3 —15%
Hypertensive heart

disease 324 —30%
Accidents

(except motor vehicle) 30.3 —10%
Nonrheumatic

endocarditis 29.7 —28%
Respiratory cancer 24,9 +46%

| Motor vehicle accidents ~ 23.1
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Genital cancer 21.2 —T7%
General arteriosclerosis 19.9
Diabetes mellitus 172 +10%

As in the past, there continue to be
striking differences between white death
rates and nonwhite rates in certain cate-
gories. Among whites, for example, the
death rate from arteriosclerotic heart dis-
ease is nore than 70 percent higher than
it is among nonwhites. Whites also ex-
perience higher death rates than non-
whites for cancer of the stomach and
lung. On the other hand, nonwhites have
a death rate from hypertensive heart dis-
ease that is nearly 130 percent higher
than the white death rate. Nonwhites
also have a higher death rate than whites
for diabetes, pneumonia and accidents
other than those caused by motor ve-
hicles.

In the 10-year period 1954-1963
there was a slight decline of about 5 per-
cent in the infant mortality rate. This is
another category, however, in which the
nonwhite death rate is significantly
higher than the white death rate: 41.5
deaths per 1,000 live births for non-
white infants compared with 22.2 deaths
per 1,000 for white infants. In the cate-
gory of infant mortality even the white
U.S. rate is higher than that in countries
such as Australia (19.5 deaths per
1,000), Finland (18.2), the Netherlands
(15.8) and Sweden (15.4).

The data are from recent booklets in
the series “Vital and Health Statistics,”
published by the U.S. Department of
Health, Education, and Welfare.

The 200-BeV Accelerator

fter weighing the merits of six sites,

selected as “finalists” a year ago in a
competition that drew more than 200 en-
tries, the Atomic Energy Commission has
voted unanimously to locate its 200-bil-
lion-electron-volt accelerator laboratory
in Weston, Ill., a farming community
some 30 miles southwest of Chicago. The
machine and its supporting facilities will
cost nearly $400 million and will require
a staff of 2,000.

The five sites that lost out to Weston
in the final selection were Ann Arbor,
Mich.; Brookhaven National Laboratory
on Long Island; Denver, Colo.; Madison,
Wis., and Sierra Foothills, near Sacra-
mento, Calif. Because the new accelera-
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tor will be a national facility, open to
users from all over the U.S. (and from
foreign countries), Weston’s central loca-
tion was probably the single most im-
portant factor in its selection. Weston is
within 30 miles (40 minutes) of Chicago’s
O’Hare International Airport, which can
be reached by nonstop jet from most
major U.S. cities and many foreign coun-
tries. It is within easy driving distance of
several major Middle Western universi-
ties. Finally, the new accelerator will be
only 15 miles from the Argonne National
Laboratory, which already has important
facilities for high-energy research.

The 200-BeV accelerator will be an
alternating-gradient proton synchrotron,
similar in principle to the 33-BeV syn-
chrotron at Brookhaven and the 28-BeV
synchrotron at the European Organiza-
tion for Nuclear Research (CERN), in
Geneva, which are the two largest ac-
celerators in the world. A 70-BeV alter-
nating-gradient proton synchrotron is
under construction at Serpukhov in the
U.S.S.R. The Weston machine will have
a particle-accelerating ring with a diam-
eter of 4,600 feet and will require 480
magnets weighing a total of 9,200 tons.
For purposes of comparison, the Brook-
haven and CERN machines are about
845 feet in diameter and incorporate
240 magnets weighing 4,000 tons. The

conceptual design for the 200-BeV |

accelerator was developed at the Law-
rence Radiation Laboratory of the Uni-
versity of California. If Congress pro-
vides the funds, as is expected, the
accelerator could be operating by 1976.

Genetic Passenger

Ever since it became clear that genes

are segments of the deoxyribonu-
cleic acid (DNA) molecule some biolo-
gists have wondered if it might someday
be possible to alter the genetic material
of a human being, for example to supply
a deleted gene and thereby remedy some
metabolic deficiency. How would one in-
troduce the desired genetic information?
One possibility that has now received
some preliminary experimental support
would be to administer a harmless virus
that bears the required gene.

The Shope papilloma virus, which
causes tumors in rabbits, also induces
the synthesis of a distinctive form of the
enzyme arginase that lowers the concen-

Film Deposition
By Exploding Wires

Sandia scientists are continuing basic research in thin films. In the past,
they have concentrated on films deposited by vacuum evaporation, sput-
tering, and the new technique of ion plating. Now they are studying
films deposited by exploding wires.

The exploding wire studies provide insights into the nucleation and
growth of thin films formed under extreme conditions. They also con-
tribute to knowledge of the basic processes involved in exploding wire
phenomena, and aid in the analysis of components which use exploding
bridgewires, such as shock wave initiators.

Sandia is diversity in depth, a challenging environment for technical
people who excel. Our current needs are especially for persons with
records of achievement in Physics, Chemistry, and Mathematics. For
information write: Employment Organization 3151, Sandia Laboratory,
Box 5800, Albuquerque, New Mexico, 87115. Sandia is an equal oppor-
tunity employer. U.S. citizenship is required.

SANDIA LABORATORIES

OPERATED FOR THE U.S. ATOMIC ENERGY COMMISSION BY SANDIA CORPORATION

=
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tration in the rabbits’ blood of the amino
acid arginine. The question arose wheth-
er the same effect might be obtained in
human beings, but one may not infect
people with animal viruses for experi-
mental purposes. It occurred to Stanfield
Rogers of the Oak Ridge National Labo-
ratory that he could get at the question
indirectly: he compared the blood of a
number of people who had worked with,
and therefore been exposed to, the
Shope virus with the blood of randomly
selected controls.

According to Rogers’ report in Nature,
many of the research workers exposed
to the virus were found to be carrying
“virus information.” They had generally
lower arginine levels than controls did
and a number of them had lower levels
than had ever been reported before.
Eight out of 12 serum specimens from
people exposed to the Shope virus
showed specific antibodies against the
distinctive form of arginase but not
against normal rabbit-liver arginase, in-
dicating that the virus DNA had sup-
plied the information for the synthesis.
The blood of the research workers did
not contain demonstrable neutralizing
antibodies against the Shope virus itself,
indicating that the infected cells were
not synthesizing the protein outer coat
of the virus.

The Shope virus, Rogers suggests, is
a harmless “passenger” virus in these
people. It is possible that there are other
such viruses. Perhaps some of them car-
ry genes that would be useful in the
treatment of genetic disease. It is con-
ceivable that a harmless virus might
even be utilized as a vector for specific
information in the form of tailor-made
DNA that could be attached to the virus
and transferred by the process known as
transduction. The evidence for such
possibilities is only suggestive at this
point; far more experimentation, includ-
ing more direct tests in animals of the
manner in which enzyme production
and activity is induced in the host, will
be necessary before manipulation of
human DNA is considered a serious

possibility.

Epidemic Hysteria

In the generations that have passed
since such occurrences as the “danc-
ing mania” or fits en masse in a nunnery,
epidemic hysteria has seemed to disap-
pear. Or has it? A recent instance, affect-
ing nearly a third of the 550 pupils of a
Church of England girls” school in Black-
burn, Lancashire, has now been report-
ed to the British Medical Journal by
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Peter D. Moss, a pediatrician at the
local hospital, and Colin P. McEvedy, a
London psychiatrist. An intensive survey
of faculty and students revealed that on
the first day of the epidemic, a Thursday,
141 girls complained of dizziness, faint-
ness, shivering, tooth-chattering, head-
ache, nausea and similar symptoms.
Eighty-five of the girls were hospitalized
and school was dismissed for a long
weekend. When classes resumed on
Monday, 79 girls made similar com-
plaints and 54 were hospitalized; school
was then dismissed for the rest of the
week. The next Monday, 11 days after
the initial outbreak, 58 girls made the
same complaints; none were hospitalized
and that day’s episode was the final
event in the waning epidemic.

Noting that the girls were not malin-
gering and the school staff was not being
deceived, Moss and McEvedy report
that in spite of intensive studies no
possible physical basis for the incident
could be discovered. The investigators
learned, however, that on the day be-
fore the initial outbreak the student body
had constituted the audience at a cere-
mony under royal patronage performed
at the Anglican cathedral in Blackburn.
The ceremony was notable for a three-
hour delay, during which 20 of the
schoolgirls had to break ranks and lie
down because of faintness. On at least
one school bus the next morning an air
of excitement prevailed and there was
much discussion about who had fainted
and how often. “The stage,” Moss and
McEvedy write, “was set.”

During the first two morning periods
that day 10 girls complained of faintness.
They were sent to sit on chairs in the
school’s central corridor, but a teacher
who feared they might hurt themselves
should they actually faint and fall had
them lie on the corridor floor instead.
The 10 girls were thus seen in this posi-
tion by the rest of the student body at
morning recess; the hysteria became
epidemic and soon reached a rate of one
collapse per minute.

The ceremony at the cathedral was
almost certainly the trigger: all 20 of
the girls affected on that occasion col-
lapsed again on the first day of the school
epidemic, whereas not one of nine girls
who had been absent was affected. A
pattern of repeaters was also evident: 95
of the girls stricken on the first day of
the school epidemic were present the
following Monday and 51 of them suc-
cumbed for a second time. Moreover, of
the 58 girls stricken on the last day of the
epidemic, 52 had been victims in either
the first or the second outbreak.
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Pointing out that abnormally rapid
breathing, a common result of panic,
can produce all the symptoms of which
the girls complained, the investigators
conclude that whatever the triggering
effect of the cathedral incident the vic-
tims’ emotional vulnerability probably
arose from a general anxiety existing in
Blackburn because of a recent outbreak
of poliomyelitis.

Gondwanaland Fitted

A close match in the relative ages of
two adjoining geological provinces
on opposite sides of the Atlantic Ocean
has provided support for the Gondwana-
land hypothesis, which states that a su-
percontinent made up of segments of
present-day India, Australia, Antarctica,
Africa and South America existed in Pa-
leozoic times, 230 million and more years
ago, only to be broken apart later by
continental drift. The new evidence, de-
veloped by investigators at the Massa-
chusetts Institute of Technology and the
University of Sdo Paulo, flows from the
fact that the rocks of West Africa are
divided into two chronologically distinct
groups. Those in Ghana, the Ivory Coast
and westward are two billion (=100
million) years old, according to both po-
tassium-argon and rubidium-strontium
measurements. In Dahomey, Nigeria and
to the east, however, the rocks are
scarcely a quarter of this age, being only
550 million (%50 million) years old.
Speaking at the recent annual meet-
ing of the Geological Society of America
in San Francisco, P. M. Hurley of M.I.T.
stated that, when the investigators
“fitted” the two continents together on
paper, they predicted that a similar age
division would be found in South Ameri-
can rocks, with the dividing line located
just east of Sdo Louis on Brazil’s north-
ern coast. Subsequent studies have not
only confirmed the predicted location of
the dividing line but also shown that
the difference in the ages of the Brazilian
rocks on each side of the boundary is
almost identical with that of their Afri-
can counterparts. The studies strongly
suggest that the South American and
African formations once composed a
single mass.

Perfect Blade

t has long been known that a tiny
perfect crystal of a metal—a “single”
crystal—is in many properties superior to
an ordinary sample of the same metal,
which is composed of many single crys-
tals. Now entire gas-turbine blades,



We can’t imagine
that everyone on our Astrojets
wants the same thing to eat.

We can’t even imagine what one person wants to eat.

Take that little guy on theleft, for example. We had him figured for a
fresh fruit salad bowl.

So when his Travel Agent suggested he try our whole First Class din-
ner, we went along with it. But we were betting he wouldn’t make it
past theappetizer. Let alone the filet mignon with Bordelaise sauce, the
parsleyed buttered potatoes, the Boston salad and the rolls and coffee.

He made it. And he even asked for seconds on the dessert.

We can probably keep him happy just by switching around all our
different menus, and giving him a choice of three entrees every time.

Or by offering him a six-course, carefully paced dinner on our Cap-
tain’s Table flights.

Or recipes prepared by the chefs at ‘21"’ on our famous ‘21’ Club
transcontinental flights.

Butif he’s one of our professional travellers, who flies up to 50 times a
year, he still might not be satisfied.

Sometimes he’ll keep everything he wants on the menu, and reserve
a bowl of chili instead of his main course. Or beef enchiladas. Or a
chef’s salad. Or even a roast beef sandwich on rye.

Ashisfriendscantell you,we’ll bereadyfor that,too.

American built an airline
for professional travellers.
(Andyou’ll love it. )

American Airlines

ASTROJET I5 A SERVICE MARK OF AMERICAN AIRLINES, INC
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it*
“He said you'll find in

BALTIMORE COUNTY, MD.!"

I had to listen in to find out
what IT is.

IT is Industrial Tempo . . . all
the factors that make Balti-
more County the ideal loca-
tion for a new plant site.

IT is a truly favorable indus-
trial climate, a concentration
of leading companies, nearness
to markets, proximity to Wash-
ington, D. C., splendid high-
ways and transportation facili-
ties, the Great Port of Balti-
more, excellent schools and
colleges, a pleasant and re-
warding way of life.

IT is all these . . . and much
more, including friendly peo-
ple who welcome new indus-
try.

SELECTING A PLANT SITE?
WRITE OR CALL:
H. B. STAAB, Director bpept. s.

BALTIMORE COUNTY
Industrial Development Commission
Jefferson Building, Towson, Md. 21204

Phone: 823-3000 (Area Code 301)
e = = )
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from three to six inches long, are being
cast in the form of single crystals at

| Pratt & Whitney Aircraft. The blades,

| which are made of a nickel-based alloy,
are distinguished by two highly desir-
able properties for service in the ex-
tremely hot interior of modern gas-
turbine engines: superior resistance to
thermal shock and high ductility. Both
properties tend to reduce the cracking
and “fatigue” of metal parts caused by
heat.

The precision casting technique used
to fashion the single-crystal blades is
an outgrowth of an earlier process de-
veloped by Pratt & Whitney for the
directional solidification of turbine parts.
This process imparted increased duc-
tility and thermal-shock resistance by
eliminating the crystal grain boundaries
that lie at right angles to the principal
stress axis, which coincides with the
long axis of a turbine blade. The new
process, devised by B. J. Piearcey and
F. L. VerSnyder, completely eliminates
the grain boundaries. The process is
carried out by enclosing a shell mold of
the blade in a gradient furnace. The
temperature in the furnace is main-
tained above the melting point of the
alloy before pouring, and solidification
is allowed to take place by controlling
the cooling rate and the temperature
gradient throughout the solidification
cycle. According to Piearcey and Ver-
Snyder, their technique “is reproduci-
ble, requires no ‘seeding’ to establish the
crystal orientation and appears to be
adaptable to commercial foundry prac-
tice.”

The Taste of Water
‘x / hat gives a drink of water a pleasant

or unpleasant taste? The question
becomes increasingly relevant as the
growing demand for water necessitates
the use of such supplies as desalinated
seawater and groundwater with an un-
usually high content of minerals. Work-
ing with a panel of judges, the Sensory
Evaluation Laboratory of the Food Sci-
ence Department at the University of
California at Davis has been attempting
to develop a body of information on the
palatability of water. One of the findings
is that, contrary to what one might think,
water that is pure in the sense that it con-
tains no minerals is not particularly tasty.
Water from which the minerals had been
removed by distillation drew from the
judges such adjectives as “cardboardy”
and “insipid.”
Another finding puts in doubt the
widely held opinion that chilling im-
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proves the taste of water. The judges re-
ported that tap water and distilled water
tasted better at room temperature than
at refrigerator temperature. The only
water that seemed to be made more pal-
atable by chilling was an experimental
concoction containing 1,000 parts per
million of certain minerals. The minerals
were those normally found in water (so-
dium, calcium and magnesium sulfates;
calcium, magnesium and sodium chlo-
rides, and sodium carbonate and sodium
bicarbonate), but the concentrations
were at a level that public health agen-
cies have recommended as a maximum.

The survey also found that one kind
of water. can evoke sharply dilferent
opinions. The experimenters made one
series of water samples increasingly
salty. The saltier the water got, the bet-
ter a third of the judges liked it; the reac-
tion of the other judges was just the op-
posite. In the remaining two years of the
three-year project, which is sponsored
by the U.S. Public Health Service, the
experimenters want to find out how it is
that the same kind of water can produce
completely opposing reactions. Other ob-
jectives are to test the effects of tempera-
ture, minerals, chlorination and fluorida-
tion on the taste of water and to explore
the question of how mineralized or
treated water affects such beverages as
coffee and soft drinks.

The Strength of Eggshell
"Fhe broken egg, a bane of egg pro-

ducers, egg dealers and housewives,
may become less common as a result of
a new invention: a gauge that measures
the thickness of eggshells. The gauge,
developed by Paul E. James of the Agri-
cultural Research Service of the U.S.
Department of Agriculture, directs high-
energy electrons (from a radioactive
source) at an egg and counts the number
of particles that bounce back. The higher
the count, the thicker the shell. The
gauge now operates at only four eggs per
minute; James is seeking to increase its
capacity.

In commercial use the device would
presumably enable large-scale egg pro-
ducers to monitor their output to de-
termine which strains of hen were laying
thin-shelled eggs subject to breakage.
These hens could then be replaced by
others that laid eggs with thicker shells.
In that way the egg business could re-
duce a loss from breakage that amounted
to about $25 million in 1965, when some
930 million of the 62 billion eggs pro-
duced in the U.S. broke on the way
from producer to consumer.



7| Hertz and Avis
Y/ &l| agree on one thing...

Both bought the

Apeco Super-Stat,
No.11n low-cost
copymaking.

Whether it is better to be No. 1, or No. 2 is a
matter of opinion. “The Apeco Super-Stat
copies anything at lower cost”; this is a matter
of fact. This and other benefits, like easier
operation, three-dimensional and book copying
versatility and desk-top portability even gets
competitors to see eye-to-eye when it comes to
buying a copymaker. So whether you're No. 1,
2, 3 or 40 in your industry, call your Apeco
representative. He may get you to agree that

some of your competitors are right about. one e

thing . . . the Apeco Super-Stat. i . aks
9 P P P e Semm—

The new SUPER-STAT by o W

APECO.

...where the accent is on Excellence

Sales Offices or Authorized Representatives in all leading cities

AMERICAN PHOTOCOPY EQUIPMENT COMPANY /2100 W. DEMPSTER STREET, EVANSTON, ILL. 60204
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THE STATES OF SLEEP

Light and deep sleep differ physiologically, deep sleep having much

m common with being awake. Studies with cats now suggest that the

two states of sleep are imduced by different biochemical secretions

arly philosophers recognized that
E there are two distinctly different
levels of sleep. An ancient Hindu
tale described three states of mind in
man: (1) wakefulness (vaiswanara), in
which a person “is conscious only of ex-
ternal objects [and] is the enjoyer of the
pleasures of sense”; (2) dreaming sleep
(taijasa), in which one “is conscious only
of his dreams [and] is the enjoyer of the
subtle impressions in the mind of the
deeds he has done in the past,” and (3)
dreamless sleep (prajna), a “blissful”
state in which “the veil of unconscious-
ness envelops his thought and knowl-
edge, and the subtle impressions of his
mind apparently vanish.”

States 2 and 3 obviously are rather
difficult to investigate objectively, and
until very recently the phases of sleep
remained a subject of vague speculation.
Within the past few years, however,

by Michel Jouvet

studies with the aid of the electroen-
cephalograph have begun to lift the veil.
By recording brain waves, eye move-
ments and other activities of the ner-
vous system during the different sleep
states neurophysiologists are beginning
to identify the specific nervous-system
structures involved, and we are now in
a position to analyze some of the mech-
anisms responsible.

Brain Activities in Sleep

Lucretius, that remarkably inquisitive
and shrewd observer of nature, surmised
that the fidgetings of animals during
sleep were linked to dreaming. Some 30
years ago a German investigator, R.
Klaue, made a significant discovery with
the electroencephalograph. He found
that sleep progressed in a characteristic
sequence: a period of light sleep, during

X RAY OF CAT’S HEAD shows a cluster of electrodes with which the author obtained a
record of the electrical signals from various parts of the cat’s brain. The cat’s mouth is at

the left; one electrode at far right measures the changes in the animal’s neck-muscle tension.
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which the brain cortex produced slow
brain waves, followed by a period of
deep sleep, in which the cortical activ-
ity speeded up. Klaue’s report was com-
pletely overlooked at the time. In the
1950’s, however, Nathaniel Kleitman
and his students at the University of
Chicago took up this line of investiga-
tion. Kleitman and Eugene Aserinsky
found (in studies of infants) that periods
of “active” sleep, alternating with quies-
cent periods, were marked by rapid eye
movements under the closed lids. Later
Kleitman and William C. Dement, in
studies of adults, correlated the eye
movements with certain brain-wave
patterns and definitely linked these ac-
tivities and patterns to periods of dream-
ing [see “Patterns of Dreaming,” by
Nathaniel Kleitman; SCIENTIFIC AMERI-
cAN, November, 1960]. In 1958 Dement
showed that cats may have periods of
sleep similarly marked by rapid eve
movement and fast cortical activity. He
called such periods “activated sleep.”
Meanwhile at the University of Lyons,
Francois Michel and I had been con-
ducting a series of experiments with cats.
In the cat, which spends about two-
thirds of its time sleeping, the process of
falling asleep follows a characteristic
course, signaled by easily observable ex-
ternal signs. Typically the animal curls
up in a ball with its neck bent. The flex-
ing of the nape of its neck is a clear sign
that the muscles there retain some tonus,
that is, they are not completely relaxed.
In this position the cat lapses into a light
sleep from which it is easily awakened.
After about 10 to 20 minutes there
comes a constellation of changes that
mark passage over the brink into deep
sleep. The cat’s neck and back relax their
curvature, showing that the muscles
have completely lost tonus: they are now
altogether slack. At the same time there
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CHARACTERISTIC RHYTHMS associated with deep sleep in a sleep. Normal cats spend about two-thirds of the time sleeping.
cat (group of traces at right) are so much like those of wakefulness They usually begin each sleep period with 25 minutes of light
(left group) and so different from those of light sleep (middle sleep, followed by six or seven minutes of paradoxical sleep. In the
group) that the author has applied the term “paradoxical” to deep latter state they are hard to wake and their muscles are relaxed.
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CAT’S BRAIN, seen in front-to-back section, has a number of seg-
ments. Some of the principal ones are identified in the illustration

are bursts of rapid eye movements (eight
to 30 movements in each burst) in either
the side-to-side or the up-and-down di-
rection, like the movements in visual use
of the eyes. Occasionally these eyeball
movements behind the closed eyelids are
accompanied by a sudden dilation of the
pupils, which in the main are tightly
constricted during sleep. Along with the
eye movements go events involving
many other parts of the body: small
tremors of muscles at the ends of the
extremities, causing rapid flexing of the
digits and now and then small scratching
motions; very rapid movements of the
ears, the whiskers, the tail and the
tongue, and an episode of fast and ir-
regular breathing.

It is somewhat startling to realize that
all this activity goes on during a period
in which the animal’s muscular system is
totally atonic (lacking in tension). The
activities are also the accompaniment of
deep sleep, as is indicated by the fact
that it takes an unusually high level of
sound or electrical stimulation to arouse
the cat during this phase. The state of
deep sleep lasts about six or seven min-
utes and alternates with periods of light-
er sleep that last for an average of about
25 minutes.

To obtain more objective and specific
information about events in the brain
during sleep we implanted electrodes
in the muscles of the neck and in the
midbrain of cats. We used animals that

CORTCAL REGONS e A

at the top of the opposite page. Many segments of the cat’s brain,
such as the cerebellum (top right), have no role to play in sleep.

were deprived of the brain cortex, since
we wished to study the subcortical ac-
tivities. In the course of extended record-
ings of the electrical events we were sur-
prised to find that the electrical activity
of the neck muscles disappeared com-
pletely for regular periods (six minutes
long), and the condition persisted when
sharp spikes of high voltage showed up
now and then in the pontine reticular
formation, situated just behind the
“arousal center” of the midbrain. These
electrical signs were correlated with eye
movements of the sleeping animal. Fur-
ther, we noted that in cats with intact
brains both the abolition of muscle tonus
and the sharp high-voltage spikes were
strikingly correlated with the rapid eye

1 WAKEFULNESS

VARYING RHYTHMS are identified with the various states of
sleep. From left to right, a wakeful cat (1) shows high-speed alter-
nations in electric potential in both cortical and subcortical regions
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of the brain, as well as neck-muscle tension. In light sleep (2) the
cat shows a slower rhythm in the traces from the cortical and sub-
cortical regions, but neck-muscle tension continues. The phasic, or




2 LIGHT SLEEP

QOLFACTORY
BUL B

BRAIN SEGMENTS associated with sleep include the reticular for-
mation, which controls wakefulness. This region is under the con-

movement and fast cortical activity De-
ment had described. These findings pre-
sented a paradox. It was surely strange
to find fast cortical activity (generally a
sign of wakefulness) coupled with com-
plete muscular atony (invariably a sign

of deep sleep)!

The Two Sleep States

We named this strange state “para-
doxical sleep.” It is also called deep
sleep, fast-wave sleep, rapid-eye-move-
ment (REM) sleep and dreaming sleep,
whereas the lighter sleep that precedes
it is often called slow-wave sleep. We
consider paradoxical sleep a qualitative-
ly distinct state, not simply a deepened

PONS

RETICULAR FORMATION

version of the first stage of sleep. Very
schematically (for the cat) we can de-
scribe the three states—wakefulness,
light sleep and paradoxical sleep—in the
following physiological terms. Wakeful-
ness is accompanied by fast, low-voltage
electrical activity in the cortex and the
subcortical structures of the brain and by
a significant amount of tonus in the mus-
cular system. The first stage of sleep, or
light sleep, is characterized by a slacken-
ing of electrical activity in the cortex and
subcortical structures, by the occurrence
of “spindles,” or groups of sharp jumps,
in the brain waves and by retention of
the muscular tension. Paradoxical sleep
presents a more complex picture that we
must consider in some detail.

3 PARADOXICAL SLEEP (PHASIC)

CEREBELLUM

MEDULLA

trol of an area in the lower brain. When the control is blocked by
making a cut through the pons, a normal cat becomes insomniac.

We can classify the phenomena in
paradoxical sleep under two heads: tonic
(those having to do with continuous phe-
nomena) and phasic (those of a periodic
character). The principal tonic phenom-
ena observed in the cat are fast electrical
waves (almost like those of wakefulness)
in the cortex and subcortical structures,
very regular “theta” waves at the level of
the hippocampus (a structure running
from the front to the rear of the brain)
and total disappearance of electrical ac-
tivity in the muscles of the neck. The
principal phasic phenomena are high-
voltage spikes, isolated or grouped in
volleys, that appear at the level of the
pons and the rear part of the cortex
(which is associated with the visual sys-

4 PARADOXICAL SLEEP (TONIC)
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HIPPOCAMPUS

periodic, aspects of paradoxical sleep (3) are marked by isolated
spike discharges from the rear of the cortex and the pons, as well as
by rapid eye movement and limb movements. Loss of neck-muscle

tension is a tonic (4) rather than a phasic phenomenon. Other
tonic, or continuous, aspects of paradoxical sleep are high-speed
cortical rhythms and regular “theta” waves from hippocampus.
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WORKING HYPOTHESIS, proposed by the author to provide a bridge between the neuro-
physiology and the biochemistry of sleep, suggests that the normal state of wakefulness (a)
is transformed into light sleep (b) when a secretion produced by the nuclei of raphe
modifies many effects of the reticular activating system. Paradoxical sleep follows (c) when
a second secretion, produced by the locus coeruleus, supplants the raphe secretion and
produces effects that resemble normal wakefulness except for the loss of muscle tension.
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tem). These spikes make their appear-
ance about a minute before the tonic
phenomena. Just as the latter show up,
the peripheral phasic phenomena come
into evidence: rapid eye movements,
clawing movements of the paws and so
on. The high-voltage spikes during para-
doxical sleep in the cat come at a remark-
ably constant rate: about 60 to 70 per
minute.

Our continuous recordings around the
clockin a soundproofed cage have shown
that cats spend about 35 percent of the
time (in the 24-hour day) in the state of
wakefulness, 50 percent in light sleep
and 15 percent in paradoxical sleep. In
most cases the three states follow a regu-
lar cycle from wakefulness to light sleep
to paradoxical sleep to wakefulness
again. An adult cat never goes directly
from wakefulness into paradoxical sleep.

Thus we find that the two states of
sleep have well-defined and clearly dis-
tinct electrical signatures. Equipped
with this information, we are better pre-
pared to search for the nervous struc-
tures and mechanisms that are respon-
sible for sleep and dreaming.

The Suppression of Wakefulness

The first and most important question
we must answer is this: Does the nervous
system possess a specific sleep-producing
mechanism? In other words, should we
not rather confine our research to the
operations of the mechanism that keeps
us awake? Kleitman has put the issue
very clearly; he observes that to say one
falls asleep or is put to sleep is not the
same as saying one ceases to stay awake.
The first statement implies that an ac-
tive mechanism suppresses the state of
wakefulness—a mechanism analogous to
applying the brakes in an automobile.
The second statement implies that the
wakefulness-producing mechanism sim-
ply stops operating—a situation analo-
gous to removing the foot from the
accelerator. Thus the mechanism respon-
sible for sleep would be negative or
passive, not active.

Now, it has been known for nearly
two decades that the brain contains a
center specifically responsible for main-
taining wakefulness. This was discovered
by H. W. Magoun of the US. and Giu-
seppe Moruzzi of Italy, working together
at Northwestern University [see “The
Reticular Formation,” by J. D. French;
ScIENTIFIC AMERICAN, May, 1957].
They named this center, located in the
midbrain, the reticular activating system
(RAS). Stimulation of the RAS center in
a slumbering animal arouses the animal;
conversely, destruction of the center



causes the animal to go into a permanent
coma. To explain normal sleep, then, we
must find out what process or mechanism
brings about a deactivation of the RAS
for the period of sleep.

On the basis of the known facts about
the RAS there seemed at first no need to
invoke the idea of a braking mechanism
to account for deactivation of the system.
The Belgian neurophysiologist Frédéric
Bremer suggested that the RAS could
simply lapse into quiescence as a result
of a decline of stimuli (such as disturb-
ing noise) from the surroundings [see
“Sleep,” by Nathaniel Kleitman; Scien-
TIFIC AMERICAN, November, 1952].

Several years ago, however, explora-
tions of the brain by the Swiss neuro-
physiologist W. R. Hess and others be-
gan to produce indications that the brain
might contain centers that could sup-
press the activity of the RAS. In these
experiments, conducted with cats, the
cats fell asleep after electrical stimula-
tion of various regions in the thalamus
and elsewhere or after the injection of
chemicals into the cerebrum. Interesting
as these findings were, they were not
very convincing on the question at issue.
After all, since a cat normally sleeps
about two-thirds of the time anyway,
how could one be sure that the applied
treatments acted through specific sleep-
inducing centers? Moreover, the experi-
ments seemed to implicate nearly all the
nerve structures surrounding the RAS,
from the cerebral cortex all the way
down to the spinal cord, as being capa-
ble of inducing sleep. It was implausible
that a sleep-inducing system could be so
diffuse. Nevertheless, in spite of all these
doubts, the experiments at least pointed
to the possibility that the RAS might be
influenced by other brain centers.

Moruzzi and his group in Italy pro-
ceeded to more definitive experiments.
Seeking to pin down the location of a
center capable of opposing the action of
the RAS, they focused their search on
the lower part of the brainstem. They
chose a site at the middle of the pons in
front of the trigeminal nerve, and with
cats as subjects they cut completely
through the brainstem at that point. The
outcome of this operation was that the
cats became insomniac: they slept only
20 percent of the time instead of 65 per-
cent! The brain cortex showed the char-
acteristic electrical activity of wakeful-
ness (fast, low-voltage activity), and the
eye movements also were those of a
wakeful animal pursuing moving ob-
jects. The experiments left no doubt that
the cut had disconnected the RAS from
some structure in the lower part of the
brainstem that normally exercised con-

RETICULAR
FORMATION

RAPHE
SYSTEM

BRAIN STRUCTURES involved in light sleep include the raphe system, which, by
producing the monoamine serotonin, serves to counteract the alerting effects of the
brain’s reticular formation (“a,” color at left). The author suggests that other nearby struc-
tures act to modulate the fast wave pattern of the alert cortex into the slower pattern typical
of light sleep. Such slow activity, however, is known to depend on higher as well as lower
brain structures (b); when a cat is deprived of its cerebral cortex and thalamus, the wave
pattern characteristic of light sleep disappears. The reason for this is not yet understood.

trol over the waking center. It was as if
a brake had been removed, so that the
RAS was essentially unrestricted and
kept the animal awake most of the time.

The new evidence leads, therefore, to
the conclusion that sleeping is subject
to both active and passive controls. The
active type of control consists in the ap-
plication of a brake on the RAS by some
other brain structure or structures; the
passive type corresponds to a letup on
the accelerator in the RAS itself.

Sleep Centers

What, and where, are the sleep-induc-
ing centers that act on the RAS? Our
suspicions are now focused on a collec-
tion of nerve cells at the midline of the
brainstem that are known as the “nuclei
of raphe” (from a Greek word meaning
“seam” and signifying the juncture of
the two halves of the brain). In Sweden,
Annica Dahlstrom and Kzell Fuxe have
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shown that under ultraviolet light these
cells emit a yellow fluorescence that
shows they are rich in the hormone-like
substance serotonin, which is known to
have a wide spectrum of powerful effects
on the brain and other organs of the
body [see “Serotonin,” by Irvine H.
Page; SciENTIFIC AMERICAN, December,
1957]. Suspecting from various prelim-
inary pharmacological experiments that
serotonin might play a role in sleep, we
decided to test the effects of destroying
the raphe cells, which are the principal
source of the serotonin supply in the
brain. We found that when we destroyed
80 percent of these cells at the level of
the medulla in cats (the animals could
not have survived destruction of a larger
percentage), the cats became even more
sleepless than those on which Moruzzi
had performed his operation. In more
than 100 hours of continuous observa-
tion with electrical recording instru-
ments, our animals slept less than 10 per-
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cent of the time. Our results were closely
related to those of Moruzzi’s. His opera-
tion dividing the brainstem cut through
the raphe system. We found that when
we destroyed only the raphe cells on one
side or the other of the site of his cut,
our animals were reduced to the same
amount of sleep (20 percent) as those on
which he had performed his experiment.
This gives us further reason to believe
the raphe system may indeed be the
main center responsible for bringing on
sleep in cats.

These new developments bring sero-
tonin into a prominent place in the re-
search picture and offer an avenue for
biochemical attack on the mysteries of
sleep. The fact that the raphe cells are
chiefly notable for their production of
serotonin seems to nominate this sub-
stance for an important role in produc-
ing the onset of sleep. We have recently
been able to demonstrate a significant
correlation between the extent of the
lesion of the raphe system, the decrease
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in sleep and the decrease in the amount
of serotonin in the brain as measured by
means of spectrofluorescent techniques.

In physiological terms we can begin
to see the outlines of the system of brain
structures involved in initiating the on-
set of sleep and maintaining the first
stage of light slumber. At the level of
the brainstem, probably within the raphe
system, there are structures that appar-
ently counteract the RAS and by their
braking action cause the animal to fall
asleep. Associated with these structures
there presumably are nearby structures
that account for the modulations of
electrical activity (notably the slow brain
waves) that have been observed to ac-
company light sleep. This slow activity
seems to depend primarily, however, on
the higher brain structures, particularly
the cortex and the thalamus; in a de-
corticated animal the pattern character-
istic of light sleep does not make its ap-
pearance. We must therefore conclude
that the set of mechanisms brought into
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PARADOXICAL-SLEEP STRUCTURES evidently lie far back along the brainstem. A cat
deprived of all its higher brain function by means of a cut through the pons (a) will live
for months, alternately awake and in paradoxical sleep. If a cut is made lower (b) along
the brainstem, however, the cat will no longer fall into paradoxical sleep, because the cut
destroys the brain cells in that region, which produce another monoamine, noradrenalin.
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play during the process of falling asleep
is a complicated one and that a number
of steps in the process still remain to be
discovered.

Paradoxical Sleep

In searching for the structures in-
volved in paradoxical, or deep, sleep we
are in a somewhat better position. When
an animal is in that state, we have as
clues to guide us not only the electrical
activities in the brain but also conclusive
and readily observable signs such as the
disappearance of tonus in the muscles of
the neck. This is the single most reliable
mark of paradoxical sleep. Furthermore,
it enables us to study animals that have
been subjected to drastic operations we
cannot use in the study of light sleep
because they obliterate the electrical ac-
tivities that identify the falling-asleep
stage.

A cat whose brainstem has been cut
through at the level of the pons, so that
essentially all the upper part of the brain
has been removed, still exhibits the cycle
of waking and deep sleep. Such an ani-
mal can be kept alive for several months,
and with the regularity of a biological
clock it oscillates between wakefulness
and the state of paradoxical sleep, in
which it spends only about 10 percent
of the time. This state is signaled, as in
normal animals, by the typical slackness
of the neck muscles, by the electroen-
cephalographic spikes denoting electri-
cal activity in the pons structures and
by lateral movements of the eyeballs.

When, however, we sever the brain-
stem at a lower level, in the lower part
of the pons just ahead of the medulla,
the animal no longer falls into paradox-
ical sleep. The sign that marks this
cyclical state—periodic loss of muscle
tonus—disappears. It seems, therefore,
that the onset of paradoxical sleep must
be triggered by the action of structures
somewhere in the middle portion of the
pons. Further experiments have made it
possible for us to locate these structures
rather precisely. We have found that
paradoxical sleep can be abolished by
destroying certain nerve cells in a dorsal
area of the pons known as the locus
coeruleus. Dahlstrom and Fuxe have
shown that these cells have a green fluo-
rescence under ultraviolet light and that
they contain noradrenalin. Hence it
seems that noradrenalin may play a role
in producing paradoxical sleep similar to
the one serotonin apparently plays in
bringing about light sleep.

What mechanism is responsible for
the elimination of muscular tonus that
accompanies paradoxical sleep? It seems
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CEREBRAL CORTEX

CAT’S BRAINSTEM is the site of the two groups of cells that pro-
duce the substances affecting light and paradoxical sleep. The nu-

most likely that the source of this in-
hibition lies in the spinal cord, and
Moruzzi and his colleague Ottavio Pom-
peiano are making a detailed investiga-
tion of this hypothesis.

The objective information about para-
doxical sleep developed so far gives us
some suggestions about the mechanisms
involved in dreaming. The controlling
structures apparently are located in the
dorsal part of the pons. They give rise to
spontaneous excitations that travel main-
ly to the brain’s visual tracts, and it seems
possible that this excitation is related to
the formation of the images that one
“sees” in dreams. Regardless of how
strongly the brain is stimulated by these
spontaneous impulses (as Edward V.
Evarts of the National Institute of Men-
tal Health and others have shown by
means of microelectrode recordings of
the visual system), during sleep the
body’s motor system remains inactive
because a potent braking mechanism
blocks electrical excitation of the motor
nerves. This inhibitory mechanism seems
to be controlled by the hormone-secret-
ing nerves of the locus coeruleus struc-
ture. If this structure is destroyed, the
animal may periodically exhibit a spasm
of active behavior, which looks very
much as if it is generated by the hallu-
cinations of a dream. In such episodes
the cat, although it evinces the unmis-
takable signs of deep sleep and does not
respond to external stimuli, will some-
times perform bodily movements of rage,
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fear or pursuit for a minute or two. The
sleeping animal’s behavior may even be
so fierce as to make the experimenter
recoil.

All in all the experimental evidence
from mammals obliges us to conclude
that sleep has a fundamental duality;
deep sleep is distinctly different from
light sleep, and the duality is founded
on physiological mechanisms and prob-
ably on biochemical ones as well. Can we
shed further light on the subject by ex-

amining animal evolution?

The Evolution of Sleep

Looking into this question systemati-
cally in our laboratory, we failed to find
any evidence of paradoxical sleep in the
tortoise and concluded that probably
reptiles in general were capable only of
light sleep. Among birds, however, we
start to see a beginning of paradoxical
sleep, albeit very brief. In our subjects—
pigeons, chicks and other fowl—this state
of sleep lasts no longer than 15 seconds
at a time and makes up only .5 percent
of the total sleeping time, contrasted
with the higher mammals’ 20 to 30 per-
cent. In the mammalian order all the
animals that have been studied, from the
mouse to the chimpanzee, spend a sub-
stantial portion of their sleeping time in
paradoxical sleep. We find a fairly strong
indication that the hunting species (man,
the cat, the dog) enjoy more deep sleep
than the hunted (rabbits, ruminants). In
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LOCUS COERULEUS

clei of raphe (color) secrete serotonin; nerve cells lower down the
pons, known as the locus coeruleus (gray), secrete noradrenalin.

our tests the former average 20 percent
of total sleep time in paradoxical sleep,
whereas the latter average only 5 to 10
percent. Further studies are needed,
however, to determine if what we found
in our caged animals is also true of their
sleep in their natural environments.

The evolutionary evidence shows,
then, that the early vertebrates slept only
lightly and deep sleep came as a rather
late development in animal evolution.
Curiously, however, it turns out that
the opposite is true in the development
of a young individual; in this case ontog-
eny does not follow phylogeny. In the
mammals (cat or man) light sleep does
not occur until the nervous system has
acquired a certain amount of maturity.
A newborn kitten in its first days of life
spends half of its time in the waking state
and half in paradoxical sleep, going di-
rectly from one state into the other,
whereas in the adult cat there is almost
invariably a transitional period of light
sleep. By the end of the first month the
kitten’s time is divided equally among
wakefulness, light sleep and paradoxical
sleep (that is, a third in each); thereafter
both wakefulness and light sleep increase
until adulthood stabilizes the proportions
of the three states at 35, 50 and 15 per-
cent respectively.

Considering these facts of evolution
and development, we are confronted
with the question: What function does
paradoxical sleep serve after all? As
Kleitman reported in his article “Patterns
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PARADOXICAL SLEEP among three vertebrate classes of increasing evolutionary com-
plexity is shown as a percentage of each animal’s time spent in light sleep. None is known
in the case of the reptile, a tortoise; in the case of the hen it is only two-tenths of 1 percent
of the total. In the case of each of the four mammal species shown, the newborn spend at
least twice as much time in paradoxical sleep (color) as do their adult counterparts (black).

of Dreaming,” Dement found that when
he repeatedly interrupted people’s
dreams by waking them, this had the ef-
fect of making them dream more during
their subsequent sleep periods. These re-
sults indicated that dreaming fulfills
some genuine need. What that need may
be remains a mystery. Dement’s subjects
showed no detectable disturbances of
any importance—emotional or physio-
logical—as a result of their deprivation of
dreaming.

We have found much the same thing
to be true of the deprivation of para-
doxical sleep in cats. For such a test we
place a cat on a small pedestal in a pool
of water with the pedestal barely topping
the water surface. Each time the cat
drops off into paradoxical sleep the re-
laxation of its neck muscles causes its
head to droop into the water and this
wakes the animal up. Cats that have
been deprived of paradoxical sleep in
this way for several weeks show no pro-
found disturbances, aside from a modest
speeding up of the heart rate. They do,
however, have a characteristic pattern of
aftereffects with respect to paradoxical
sleep. For several days following their
removal from the pedestal they spend

72

much more than the usual amount of
time (up to 60 percent) in paradoxical
sleep, as if to catch up. After this re-
bound they gradually recover the nor-
mal rhythm (15 percent in deep sleep),
and only then does the heart slow to the
normal rate. The recovery period de-
pends on the length of the deprivation
period: a cat that has gone without para-
doxical sleep for 20 days takes about 10
days to return to normal.

The Chemistry of Sleep

All of this suggests that some chemical
process takes place during the recovery
period. Let us suppose that the depriva-
tion of paradoxical sleep causes a certain
substance related to the nervous system
to accumulate. The excess of paradoxical
sleep during the recovery period will
then be occupied with elimination of this
“substance,” presumably through the
agency of “enzymatic” factors that act
only during paradoxical sleep.

There is reason to believe that certain
enzymes called monoamine oxidases,
which oxidize substances having a single
amine group, play a crucial role in bring-
ing about the transition from light sleep
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to paradoxical sleep. We have found
that drugs capable of inhibiting these
enzymes can suppress paradoxical sleep
in cats without affecting either light
sleep or wakefulness. A single injection
of the drug nialamide, for example, will
eliminate paradoxical sleep from the
cycle for a period of hundreds of hours.
We have also found that this potent
drug can suppress paradoxical sleep in
cats that have first been deprived of
such sleep for a long period in the pool
experiment.

The findings concerning the probable
importance of the monoamine oxidases
in the sleep mechanism raise the hope
that it may soon be possible to build a
bridge between neurophysiology and
biochemistry in the investigation of
sleep. If it is indeed a fact that these
enzymes play an important role in sleep,
this tends to strengthen the hypothesis
that serotonin and noradrenalin, which
are monoamines, are involved in the two
states of sleep—serotonin in light sleep
and noradrenalin in paradoxical sleep.
There are other bits of chemical evidence
that support the same view. For ex-
ample, the drug reserpine, which is
known to prevent the accumulation of
monoamines at places where these com-
pounds are usually deposited, has been
found to be capable of producing some
specific electrical signs of paradoxical
sleep in experimental animals. Further,
the injection of certain precursors in-
volved in the synthesis of serotonin in
the brain can produce a state resembling
light sleep, whereas drugs that selective-
ly depress the serotonin level in the brain
produce a state of permanent wakeful-
ness.

We can put together a tentative work-
ing hypothesis about the brain mecha-
nisms that control sleep. It seems that
the raphe system is the seat responsible
for the onset of light sleep, and that it
operates through the secretion of sero-
tonin. Similarly, the locus coeruleus
harbors the system responsible for pro-
ducing deep sleep, and this uses nor-
adrenalin as its agent. In cyclic fashion
these two systems apply brakes to the
reticular activating system responsible
for wakefulness and also influence all the
other nerve systems in the brain, notably
those involved in dreaming.

Dreaming itself, particularly the ques-
tion of its evolutionary origin and what
function it serves, is still one of the great
mysteries of biology. With the discovery
of its objective accompaniments and the
intriguing phenomenon of paradoxical
sleep, however, it seems that we have set
foot on a new continent that holds prom-
ise of exciting explorations.



FIRST IN RESOURCES...FIRST IN CAPABILITY

It will take 429, more electricity to
light America’s skylines in just five
years — and already the power peo-
ple are demanding equipment that
can handle vastly higher voltages
and loads.

To cool and insulate transformers
more reliably despite these hot,
heavy loads, Humble has developed
a new oil. It shows over 3 times

Bright idea.

(We find better ways to cool your hot problems.)

the oxidation life of previous trans-
former oils.

Unlike conventional transformer
oils, which are acid-treated, our new
Univolt® 62 is Hydrofined® —a
Humble process resulting in signifi-
cant improvements.

Why is Humble so often the one
to come up with ideas that really
mean something to you? Because

we have greater resources than any
other oil company. And one of these
resources is the world’s leading pe-
troleum research organization.

To put our resources to work for
you, just call our local representa-
tive...or our Industrial Business
Office in Houston, Texas.
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The boy has a visual neuromuscular instability.
Prescription: a big dose of television.

Steven’s eye muscles are not balanced.
So he has trouble using both eyes to see a
single image. Because it is confusing for
him to use both eyes, he uses one and sup-
presses the image from the other.

He must be taught to use binocular vi-
sion. To help him, the professional eye
examiner may prescribe an unusual form
of therapy: watching television with the
Polaroid/American Optical TV Trainer.

The TV Trainer is simple. It consists of
a pair of Polaroid polarizing spectacles

and a special polarizing filter which at-
taches to an ordinary TV screen. (Since
1937 Polaroid polarizing filters have been
put to many uses. From polariscopes to sun-
glasses. From analyzing the atmospheres
of planets to helping kids like Steven.)
The TV Trainer principle is this. The
filter is divided down the center into two
linear polarizing sections (a linear polar-
izer channels helter-skelter light waves
into waves that go in one direction along
a certain axis). These two sections polar-
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ize the light from the TV screen in two dif-
ferent directions.

The lenses in the spectacles are also lin-
ear polarizers. The left lens has the same
polarizing axis as the left half of the filter.
The right lens has the same as the right
half. (We’ve diagrammed it here.)

Now, when light goes through two po-
larizers with identical axes, the polarizers
remain transparent. But when it goes
through two polarizers with axes that
cross, the polarizers are opaque.
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So when a child watches television with
the TV Trainer he can see the whole pic-
ture only if he looks at the left side with
his left eye (through the two left polar-
izers) and at the right side with his right
eye (through the two right polarizers). In
other words, he must use binocular vision.
If he suppresses the image from one eye,
that half of the picture will appear black.
The polarizers won’t let one eye work for
him here.

A child learning binocular skills must
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do a great deal of work for himself. The
advantage of the TV Trainer is that it
makes it about as easy as possible. It
makes it easy for him to recognize sup-
pression, to know if he is using binocular
vision and how well he is maintaining it.
And it makes even a long training session
a painless affair. No little boy is going to
mind doing his homework if the home-
work is watching Captain Kangaroo.

POLAROID CORPORATION

Cambridge, Mass,

Polaroid ®



LUMP OF SODIUM (Na) dissolving in pure liquid ammonia PLATINUM ELECTRODES can also be used to “inject” electrons

(NH,) produces a deep blue solution (above) in which each so- directly into liquid ammonia (below) simply by making one elec-

dium atom is ionized to form a solvated positive ion of the metal trode (left) slightly negative with respect to the other electrode

(Nat) and a solvated electron (e~) that is free to move over a (right). Positive ammonium ions (NH, produced by the reac-

number of solvent molecules. Hydrogen gas (H.,) evolved by the tion at the positive electrode migrate toward the negative electrode,

reaction of the solvated electron with ammonia forces small pieces where they react rapidly with solvated electrons to form hydrogen.

of metal to be ejected into the solvent, resulting in the blue streaks. In both photographs the less dense blue solution rises to the surface.
A\
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THE SOLVATED ELECTRON

It 1s an electron that i1s released into solution when certain metals

are dissolved in a liquid such as ammonia. It can also be released by

ionizing radiation, and it may play a role in many chemical reactions

rop a lump of sodium into a con-
D tainer of pure liquid ammonia
and something very peculiar
happens. The silvery metal reacts with
the clear liquid to form a deep blue solu-
tion. The exact nature of this solution has
intrigued chemists for more than a cen-
tury. We now know that in ammonia
each sodium atom becomes a positively
charged ion, freeing one of its electrons
to move independently through the sol-
vent. These “excess” electrons, by-prod-
ucts of the ionization process, are called
solvated electrons.

Until quite recently the study of sol-
vated electrons was confined chiefly to
solutions of highly reactive alkali metals
(sodium, lithium, potassium, rubidium
and cesium) in a small group of solvents
(ammonia, certain amines closely related
to ammonia, and a few ethers). In addi-
tion, it was known that solvated electrons
could be obtained by “injecting” them di-
rectly into such solvents by means of a
negatively charged electrode.

Beginning in 1960 workers in Britain
and the U.S. showed that they could
produce solvated electrons with extreme-
ly short lifetimes by exposing a wide
variety of solvents, including water, to a
burst of high-energy ionizing radiation.
Since then hundreds of chemical reac-
tions involving solvated electrons have
been studied with the aid of such “radio-
lytic” techniques. In spite of their brief
existence, solvated electrons appear to
play an important role in the chemical
processes that occur in a liquid when
radiation is absorbed. It is still too early
to tell what general implications, if any,
this fact has for biology, but it seems cer-
tain that solvated electrons are involved
in some way with the sequence of chemi-
cal reactions that leads to radiation
damage in living tissues.

It was the German chemist W. Weyl

by James L. Dye

who discovered in 1864 that a deep blue
solution can be formed by dissolving
either sodium or potassium in ammonia.
He also noted that by boiling away the
ammonia he was able to recover the pure
metals. Attracted by Weyl’s discovery,
the French chemist A. Joannis investigat-
ed the metal-ammonia solutions and con-
cluded that they must contain “metal
ammoniums,” ordinary chemical com-
pounds of metal and ammonia. Joannis’
view of the matter stood unchallenged
for many years. Then in 1897 an under-
graduate at the University of Kansas
named Hamilton P. Cady measured a
property that contradicted the accepted
view; he found that the electrical con-
ductivity of the metal-ammonia solu-
tions was much higher than it was for
solutions of simple salts in ammonia.
Ten years later a student of Cady’s,
Charles Kraus (now professor emeritus
at Brown University), embarked on a
series of studies of the metal-ammonia
solutions that spanned the period from
1907 to 1934. Kraus’s measurements of
the physical properties of the solutions
were remarkably accurate, and in many
instances his data are the best available
today. It was Kraus who first showed
that the “metal ammoniums” were really
solutions of metal ions and solvated elec-
trons.

The easiest way to produce solvated
electrons in the laboratory is still to dis-
solve one of the alkali metals in a suit-
able solvent. My colleagues and I at
Michigan State University have carried
out a variety of experiments on metal-
amine solutions using this simple ap-
proach. By varying the proportion of the
metal to the solvent one can obtain solu-
tions of any desired concentration up to
the limit of solubility. In ammonia this
limit can be in excess of five moles of
metal per liter of solution. (A mole, or
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gram molecule, is the amount of a sub-
stance that has a weight in grams equal
numerically to its molecular weight.)
Dilute solutions of sodium in ammonia
are blue, whereas concentrated solutions
have a bronzelike luster. The metal-con-
taining solutions are generally less dense
than the solvents, and in some cases the
system separates into two liquid layers,
the less dense concentrated phase float-
ing on the denser dilute phase [see illus-
tration on page 80]. In fact, a saturated
solution of lithium in ammonia is the
lightest-known liquid at room tempera-
ture, having a density less than half that
of water.

The reason so few solvents have been
found suitable for solvation experiments
is that the solvated electron is extremely
reactive. Most solvents react rapidly with
the solvated electron. In water, for ex-
ample, the reaction is so fast that any
attempt to dissolve sodium (Na) in water
(H20) results merely in the production
of sodium hydroxide (NaOH) and hydro-
gen gas (H,). Even in ammonia (NHjy)
the solutions will decompose spontane-
ously if the solvent is not pure or if the
apparatus has not been cleaned care-
fully. It is only because the reaction of
the solvated electron with ammonia is
comparatively slow in the absence of a
catalyst that the properties of metal-
ammonia solutions can be studied at all.

Before considering the complications
that arise when solvated electrons
interact with one another and with sub-
stances other than the solvent, I should
like to describe briefly the process of
solvation itself. To begin with, how can
a free electron become bound to a sol-
vent molecule? Although a very weak
binding of excess electrons can take place
even in liquid helium, we are interest-
ed only in the much stronger binding
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of electrons in “polar” liquids—liquids
whose molecules resemble permanent
magnetic dipoles because of the separa-
tion of electric charges within each mole-
cule [see upper illustration below]. A
positively charged ion will attract the
negative ends of such solvent dipoles,
whereas a negatively charged ion will
attract the positive ends of the dipoles.
In either case the ions are said to be
solvated.

In the case of actual positive and
negative ions the first layer of solvent
molecules around the ion is rather tight-

ly bound to the ion and moves with it
through the solution. By their partial
orientation even the second and third
solvent layers contribute significantly to
the solvation energy of the ion. An elec-
tron differs from an actual negative ion,
however, in that the electron can move
much more rapidly than the heavier sol-
vent molecules. As a result the solvent
dipoles cannot rotate fast enough to
“point” toward the electron as it moves
about. Thus the solvent dipoles orient
themselves toward the average position
of the electron.

This partial orientation of solvent
molecules in turn provides a “binding
center” for the electron, which can then
become “trapped” in a polarized center
of its own making [see lower illustration
below]. The time required to form such
a trap is only a hundred-billionth of a
second. Solvent molecules in addition
to those nearest the center of the trap
are also partially oriented, tending to
have their positive ends toward the
center. Normal thermal agitation can
destroy this secondary alignment and
cause the actual orientation around a
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SOLVATION of a positive ion results from the attractive force that
exists between the ion and the negatively charged ends of the mole-
cules in a “polar” solvent such as ammonia. In the pyramid-shaped
ammonia molecule (a) each pair of bonding electrons (colored dots)
is more strongly attracted to the nitrogen atom (V) than to a hydro-
gen atom (H) in the base of the pyramid. As a result the electron
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pairs tend to move toward the nitrogen atom (colored arrows). This
makes the nitrogen end of the molecule negative and the hydrogen
end positive. The ammonia molecule is represented schematically
as an electric dipole in b. A positive ion will tend to hold the closest
layer of such dipoles in a rather fixed orientation (c¢). A secondary
solvation layer is also partially oriented toward the positive ion.
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SOLVATED ELECTRON differs from a solvated negative ion in
that the electron can move much more rapidly than the heavier
solvent molecules. In a a low-energy electron is attracted to a region
of accidental polarization caused by the random thermal motion of
the solvent molecules. In b the molecules in the immediate vicinity
of the electron cannot rotate fast enough to point their positive ends
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toward the electron as it moves about; instead the molecules orient
themselves toward the average position of the electron. In ¢, about
a hundred-billionth of a second later, the fully formed “trap” pro-
vides a strong attractive center for the electron. The positive ends
of the molecules tend to repel one another, resulting in the forma-
tion of an enlarged cavity completely empty of solvent molecules.

C
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particular electron to vary with time.
Because of such fluctuations, an actual
solution contains traps that have many
different solvent-molecule orientations,
with the result that a broad range of
binding energies is possible for the sol-
vated electron.

Since the positive ends of the sol-
vent dipoles tend to point toward the
center of the trap, a repulsive force
exists between these identically charged
ends. The repulsive force pushes the
solvent molecules away from the center
of the trap, causing the formation of an
enlarged cavity completely empty of
solvent molecules. The normal attractive
forces between the solvent molecules
(which hold the liquid together in the
first place) limit the size of this cavity.
For a solvent such as water, which has
comparatively strong bonds between
molecules, the cavity is probably not
much larger than the vacancies normal-
ly present in most liquids. In liquid
ammonia, however, the cavity appears
to have a diameter of some 6.5 ang-
strom units. This means that an empty
space large enough to hold four or five
ammonia molecules can be formed by
the repulsive forces between the solvent
dipoles surrounding a solvated ion.

The “cavity model” of solvation was
proposed in 1946 by the late Richard
Ogg of Stanford University and has
since been extensively developed by a
number of investigators, notably Joshua
Jortner of the University of Tel Aviv.
Although not everyone accepts the cav-
ity model, it is generally agreed that
solvated electrons in polar solvents are
trapped by some kind of reorientation or
distortion of the solvent molecules.

The center of average positive charge
for a given trap is strictly localized and
can move only when the solvent mole-
cules move. The solvated electron, on
the other hand, can move rapidly not
only within the cavity but also among the
solvent molecules in the vicinity of the
trap. The motion of the electron can-
not be described in detail, but the
average electron density, which ex-
tends over a large number of solvent
molecules, can be estimated. When this
average distribution is compared with
the average electron charge distribution
for, say, a hydrogen atom [see illustra-
tion on this page], it is evident that the
solvated electron, which is attracted
only to a fluctuating region of positive
charge, is much freer to roam about
than an electron that is attracted to the
positively charged proton at the center
of a hydrogen atom. The extent to
which the solvated electron penetrates

PROBABILITY OF FINDING ELECTRON
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AVERAGE CHARGE DISTRIBUTIONS for a solvated electron in ammonia (colored
curve) and for an electron in a hydrogen atom (black curve) are compared. Both charge
distributions are spherically symmetrical about the center. The solvated electron is much
freer to roam about and spends much of its time outside the cavity (broken colored line).

the solvent is indicated by the com-
paratively large fraction of time the
electron spends outside the limits of the
cavity.

Because solvated electrons interact so
readily with positive ions, the prop-
erties of isolated solvated electrons can
be determined only by studying very
dilute solutions. Most of our knowledge
of the physical properties of solvated
electrons comes from studies of metal-
ammonia solutions, conducted over a
period of many years, whereas infor-
mation about the chemical activity of
such electrons comes largely from the
radiolytic experiments of recent years.

The property that best distinguishes
a solvated electron from the rest of the
electrons in a solution is its binding
energy. Solvated electrons are rather
loosely bound and are free to move
over a number of solvent molecules.
Localized electrons, on the other hand,
are strongly bound to particular sol-
vent molecules and cannot move easily
from one molecule to another. It has
been recognized for many years that
when certain molecules are exposed to
high-energy radiation, they are ionized,
that is, they lose some of their elec-
trons. The radiation can consist of al-
pha rays, beta rays or gamma rays
from radioactive or cosmic sources, or
it can be produced in the laboratory in
the form of X rays or beams of elec-
trons or other accelerated particles.

The minimum energy required to
ionize a molecule of water is 13 electron
volts (eV). Typical particle beams used
in radiation chemistry have energies of
several million electron volts (MeV)

© 1967 SCIENTIFIC AMERICAN, INC

per particle. This means that a single
high-energy particle can ionize many
molecules of water. Moreover, elec-
trons can be ejected from a water mole-
cule with a considerable transfer of
energy, so that they may be capable of
ionizing other water molecules. Mean-
while the primary energetic particle can
continue to ionize water molecules until
its energy has been spent. In this way
a single 5-MeV particle can give rise
to the ionization of about 200,000 wa-
ter molecules.

What happens to an electron that has
been ejected from a water molecule?
The excess energy of the electron is
quickly lost to the surrounding water
molecules (within 10-13 second). Mean-
while the positive water ion (H,O%)
left behind can react with a neutral
neighbor (H,O) to form the very re-
active hydroxyl radical (OH) and the
stable hydronium ion (H30%). During
the next time period (until 10-'1 second
has elapsed) the electron can either be
recaptured by the HzO* ion to pro-
duce a hydrogen atom (H) and water
(H,O) or it can interact with the wa-
ter molecules to become hydrated, that
is, solvated in water.

The possibility of electron hydra-
tion was recognized as early as 1953 on
theoretical grounds by Robert L. Platz-
man of the Argonne National Labora-
tory, but it was not until the 1960’
that the production of hydrated elec-
trons by the radiolysis of water was
recognized. In the meantime it was wide-
ly thought that hydrogen atoms and
hydroxyl radicals resulted from the ra-
diolysis, and that these radicals then
reacted further to produce hydrogen
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CONCENTRATED SOLUTION of sodium
in liquid ammonia separates into two phases
at low temperatures. The more concentrated
phase (top half of test tube), which has a
metallic bronze color, is less dense and floats
on the dilute phase (bottom half of test
tube), which is deep blue. At higher tem-
peratures two phases would merge into one.
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and water. At a conference in 1953
Platzman was asked: “Do I understand
that you think that irradiated ammonia
ought to turn blue if it is pure?” He
answered with remarkable foresight:
“More than that. I think irradiated wa-
ter turns blue and we just don’t see it.”

Nter 1952 it became increasingly ap-

parent that more than one reducing,
or electron-supplying, agent is produced
when water is subjected to radiolysis.
Because the products formed by reac-
tions of the hydrated electron and of the
hydrogen atom are usually indistinguish-
able, it was difficult to separate the ef-
fects of the two entities. Direct mea-
surements of reaction rates could not be
made at the time, so that it was neces-
sary to determine relative rates by the
study of competing reactions. Such stud-
ies in both Britain and the U.S. in the
late 1950’s confirmed the presence of
two reducing agents. For example, Na-
thaniel Barr and Augustine Allen of
the Brookhaven National Laboratory
showed in 1959 that reducing agents
resembling hydrogen atoms produced
under one set of conditions reacted at
about the same rate with oxygen as with
hydrogen peroxide, but when produced
under another set of conditions they re-
acted far more rapidly with oxygen than
with hydrogen peroxide. Barr and Allen
suggested that different reducing agents
are formed by the two methods and that
one of the agents is the hydrated elec-
tron.

In 1962 Gideon Czapski and Harold
Schwarz of Brookhaven compared the
reaction rate of this second agent with
several charged and uncharged ions in
solutions containing various electrolytes.
Their work demonstrated conclusively
the presence of a single negative charge.
Close on the heels of this discovery Ed-
win Hart of Argonne, working with Jack
Boag at the Research Unit in Radiobi-
ology in Northwood, England, studied
the absorption of light by a solution im-
mediately after bombarding the solution
with a pulse of 1.8-MeV electrons. The
solution absorbed light in the red region
of the spectrum over a broad range of
wavelengths with an absorption spec-
trum reminiscent of the one observed in
metal-ammonia solutions [see top illus-
tration on page 83]. Within 10 millionths
of a second or so the new absorption
peak had disappeared. The hydrated
electron, present in water for aeons as a
result of cosmic radiation, had finally
been discovered! The reaction of the hy-
drated electron with the water, which
might have removed the electron so fast
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that it could not be observed, was thus
shown to be relatively slow.

During the same period Robert De-
wald, Leo de Meyer, Manfred Eigen and
I, working in Eigen’s laboratory at the
Max Planck Institute for Physical Chem-
istry in Gottingen, also studied the re-
action of solvated electrons with water,
but with an amine solvent instead of
pure water [see illustration on page 82].
Using alkali metals dissolved in the
amine ethylenediamine as the source of
solvated electrons, we verified that the
reaction with water is relatively slow and
secured quantitative reaction-rate data
for the amine solvent. The latest data
for this reaction in pure water, obtained
from radiolytic experiments, give prac-
tically the same rate constant we found
in the amine solvent.

Since the initial observation of the ab-
sorption spectrum of the hydrated elec-
tron, numerous studies have been made
on radiation-produced solvated electrons
in water and in many other solvents. The
lifetimes are shorter than the “twinkling
of an eye,” so that only instruments can
“see” the color, but the spectrum leaves
no doubt that the characteristic blue col-
or of solvated electrons is present for a
short time after irradiation. Radiolysis
of ammonia and amines indicates that
the absorption spectrum of the solvated
electron resulting from radiation is the
same as the spectrum produced by dis-
solving alkali metals.

After the radiation-produced hydrated
electron had been identified, it was
shown that the same entity can also be
produced by less drastic means. Ab-
sorption of ultraviolet light by many
negative ions results in the production
of hydrated electrons, which are identi-
fied by their characteristic absorption
spectrum. Hydrated electrons can also
be produced chemically in alkaline solu-
tions by the reaction of hydrogen atoms
with hydroxide ions. It is now clear that
the hydrated electron must be seriously
considered as an intermediate reactive
entity in a great many chemical reactions
and in processes, such as photosynthesis,
that involve the absorption of light

energy.

The hydrated electron is a powerful

reducing agent. With a number of
molecules such as molecular oxygen
(0y), atomic hydrogen (H), hydrogen
peroxide (H,0O,), the hydroxyl radical
(OH), nitric oxide (NO), a number of or-
ganic compounds and many metal ions,
reduction is so fast that it takes place
nearly every time a solvated electron
gets within a distance of about three



angstroms from the molecule being re-
duced. The speed of such reactions is
controlled by the rate at which the re-
acting partners can diffuse toward each
other. Many new reactive entities have
been discovered as products of such
chemical reactions involving hydrated
electrons.

When higher concentrations of elec-
trons are produced by radiolysis at high
intensities, a new and surprising diffu-
sion-controlled reaction can be observed.
Hydrated electrons are found to react
with one another and with the surround-
ing water molecules to produce molec-
ular hydrogen (H.,). The existence of this

LIGHT INTENSITY —>

TIME (MICROSECONDS)

fast reaction is surprising because there
is no evidence for a comparable reaction
in liquid ammonia even on a time scale
of days or weeks, nor has the reaction
been observed in any other solvent. Evi-
dently the structure of liquid water plays
an important role in the production of
molecular hydrogen by this reaction.
The proof that molecular hydrogen is
formed directly rather than through the
intermediate production of hydrogen
atoms was a result of some experiments
in radiation chemistry performed at
Argonne by Leon Dorfman and Irwin
Taub.

Although radiation chemistry has pro-

vided much information about the op-
tical spectrum and the reactivity of the
solvated electron, most of the physical
properties have been studied with metal-
ammonia solutions. These studies have
also shown that interactions of electrons
and ions produce new entities at higher
concentrations.

Because of its negative charge the sol-

vated electron can transport elec-
tricity through the solution. Studies of
the electrical conductivity of various
metal-ammonia solutions have spanned
the entire concentration range from ex-
treme dilution up to saturation. The con-
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TYPICAL APPARATUS for the study of solvated electrons pro-
duced by the radiolysis, or radiation-induced ionization, of solvent
molecules is depicted here. The chemical changes that take place
in the solution are observed by measuring the absorption of light
by the solution immediately after bombarding the solution with a
pulse of high-energy electrons. The mirror system enables the light
beam to traverse the solution several times. The photograph at

lower left shows an oscilloscope trace produced by the pulse-radi-
olysis of an alkaline water solution. The straight horizontal line
shows the signal in the absence of any pulse. The curved line shows
the signal for a 15-million-electron-volt pulse lasting four-tenths of
a microsecond. For most of the trace the decrease in absorbance
results from the reaction of solvated electrons (e—) with water
(H,0) to form hydrogen gas (H,) and hydroxide ions (OH—).
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ductance in concentrated solutions is
quite high, similar to that of a liquid
metal. In dilute solutions the conduct-
ance drops considerably, reaching a min-
imum at about .04 mole of metal per liter
of solution [see bottom illustration on
opposite page]. Below this concentration
the conductance again rises steadily with
decreasing concentration. The value of
the curve at zero concentration repre-
sents the sum of the contributions by the
metal ion and the solvated electron.
Using the known conductance of the
metal ion, one can deduce that the sol-
vated electron is a better conductor by a
factor of about seven than normal ions in
ammonia are. This conductance is much
smaller than one would expect for a free
electron and lends support to the idea

that the electrons are localized in traps.
The conductance is too large, however,
to be explained on the basis of trap mi-
gration. The obvious conclusion is that
the electron migrates by “hopping” from
one trap to another or by leaving an
old trap and creating a new one.

The decrease in conductance with
increasing concentration shows that
electron migration is retarded by inter-
action with the positive ions. Such a
phenomenon is common for salts in sol-
vents such as ammonia because of strong
interactions of positive and negative
ions to form nonconducting ion pairs.
The simplest picture of the interaction
of solvated electrons (e¢~) and metal
ions (M*) is the formation of a
neutral pair, M* - e¢~, in which the elec-
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STOPPED-FLOW APPARATUS was used by the author and his colleagues at the Max
Planck Institute for Physical Chemistry in Gottingen to measure the reaction rates of sol-
vated electrons with water, using alkali metals dissolved in the amine ethylenediamine as a
source of the solvated electrons. The reactants are mixed rapidly and then the flow is sud-
denly stopped. Changes in the absorption of light after stopping are measured as a function
of time. In this way reaction times as short as a thousandth of a second can be measured.
The reaction of the solvated electron with water was found to be comparatively slow.
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tron is still attracted to the trap but is
also attracted to the positive ion. Over
this concentration range the optical
spectrum shows little change, in agree-
ment with the ion-pair assumption.
Some investigators believe the
portant neutral entity is a “monomer”
in which the solvated positive ion has
trapped the electron and the normal
solvent trap has been destroyed.

The reason for the increase in con-
ductance above the minimum at .04 is
not known. Our measurements of elec-
tron mobility, made between 1954 and
1960 at Michigan State, have verified
that the anomalous behavior is indeed
caused by a negatively charged entity.
The increase may come about because
of the ability of electrons to jump from
trap to trap at higher concentrations,
whereas at lower concentrations the
electrons must form new traps when
they leave old ones. If this hypothesis
is correct, it implies the existence of
doubly occupied traps.

Double occupancy can also be in-
ferred from the results of certain mag-
netic measurements. A single electron
has a magnetic moment that arises from
its intrinsic spin. This moment can in-
teract with a magnetic field in a fashion
analogous to the interaction of a com-
pass needle with the earth’s magnetic
field. The electron does not behave like
a compass needle, however; quantum
mechanics requires that it exist in only
two magnetic states, which are sepa-
rated by a discrete energy difference that
depends on the strength of the magnetic
field. It is possible to study the “flipping”
of the electron from one such “spin state”
to the other with the techniques of elec-
tron paramagnetic resonance. Such stud-
ies, as well as more conventional mag-
netic measurements, show that solvated
electrons exist separately in sufficiently
dilute solutions, but that there is a tend-
ency for the electron’s magnetic mo-
ments to pair up at higher concentra-
tions. Even in solutions as dilute as .01
mole per liter, cnly half of the electron
spins are uncoupled at —33.5 degrees
centigrade (the boiling point of pure
ammonia).

im-

he exact nature of the neutral entity

and the spin-paired entity is very
much an open question at present and
forms the basis for lively discussions
whenever workers in the field get to-
gether. The contenders for the neutral
entity are the simple ion pair, M* e~
and the monomer, M, with its spheri-
cally symmetrical charge distribution.
The spin-paired entity has beer viewed



as a doubly occupied trap, es~~ (prob-
ably also associated with a positive
ion); a triple ion, e~ -M* - e~; a quad-
ruple ion, (M* - e~).; a pair of mono-
mers associated to form a dimer, M,,
and finally as a negative alkali-metal
ion, M—. Because both the optical
spectra and the magnetic-resonance
spectra are simple and change little
with concentration, it is difficult to de-
cide among these possibilities.

It might appear that one should turn
to the amines rather than ammonia for
the answers. Indeed, a number of in-
vestigators have done so. Our own efforts
are now largely directed toward alkali-
metal solutions in a variety of amine and
ether solvents. Rather than simplifying
matters, however, this approach has
opened a Pandora’s box of new compli-
cations. Of all the solvents in which
stable metal solutions can be formed,
ammonia has by far the highest dielec-
tric constant and therefore favors ioniza-
tion to form the metal ion and solvated
electrons. As a result of their low dielec-
tric constants amine solutions give rise
to new entities involving interactions
of electrons with the metal ions. Alkali-
metal dimers appear to be present also in
amine solutions. At least two new optical
absorption peaks appear in their spectra,
as well as new monomeric entities with
interesting magnetic properties. These
studies have given us powerful new tools
for the study of electron-ion interactions,
but they have not answered the original
questions raised by the metal-ammonia
studies.

It is interesting to speculate about fu-

ture developments in this burgeoning
field. Radiation chemistry has provided
a new method for studying the reactions
of the solvated electron. New entities
formed by reactions of the solvated elec-
tron are reported every month, and the
number of solvents used continues to in-
crease. As measurement techniques im-
prove they will be applied to reactive
intermediates with shorter and shorter
lifetimes. It is likely that many of the
properties of the solvated electron that
have so far been measured only in metal-
ammonia solutions will also be measured
using radiation-produced solvated elec-
trons. Because of the renewed interest
in the field many new studies of metal-
ammonia and metal-amine solutions
have been initiated. They will undoubt-
edly yield a better understanding of the
solvated electron and of the entities
produced by the interaction of solvated
electrons with each other and with met-
alions.
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COMPARISON of the light-absorption spectra of solvated electrons produced by a metal-
ammonia solution (black curve) and by the radiolysis of water (colored curve) shows the
basic similarity of the two products. Both solutions absorbed light in the red region of the
spectrum over a broad range of wavelengths. A mole, or gram molecule, is the amount
of a substance that has a weight in grams equal numerically to its molecular weight.
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ELECTRICAL CONDUCTANCE of a solution of potassium in liquid ammonia (black
curve) is high in a concentrated solution (right) but drops considerably in a dilute solution
(left), reaching a minimum at about .04 mole of metal per liter of solution. Below this con-
centration the conductance again rises steadily with decreasing concentration. The value of
the curve at zero concentration represents the sum of the contributions by the metal ion and
the solvated electron. Since the conductance of the metal ion is known, one can deduce the
conductance of the solvated electron. The decrease in conductance with increasing concen-
tration is related to the percentage of unpaired electron spins (colored curve) in the solvent.

83

© 1967 SCIENTIFIC AMERICAN, INC



ompany

Your decentra\'\zed C

© 1967 SCIENTIFIC AMERICAN, INC



e, 4=‘-;
Taly z’ P

Your decentralized company with a Univac
Total Management Information System.

Your total organization is tied together by a total
communications system that continuously receives,
up-dates and relays management information.
Centralized control of decentralized operations
becomes a reality. And distance, as a factor
in management, becomes irrelevant.

There are two distinct Univac Total Management
Information Systems designed for complex, large-scale
business and scientific applications. The Univac® 1108
and the Univac 494 Real-Time Systems.

For information about them, get in touch with

UNIVAGC

DIVISION OF SPERRY RAND CORPORATION

© 1967 SCIENTIFIC AMERICAN, INC

85



CONTROLLED EUTECTICS

A combination of metals with a particularly low melting point 18

called a eutectic. By controlling the way a eutectic solidifies

it 1s possible to produce alloys with a host of useful properties

The plumber’s solder is an alloy of
lead and tin mixed in certain pro-
portions that give the combination
a particularly low melting point. This
kind of combination, which is not neces-
sarily confined to metals, is called a eu-
tectic, from a Greek word meaning “easi-
ly melted.” Eutectics are an old and
familiar story (although the term may
not be). One well-known eutectic ma-
terial is the low-melting alloy (composed
of bismuth, indium, tin and cadmium)
used in fire-sprinkler systems; another is
cast iron, a combination of iron and car-
bon that owes its convenience for being
cast into intricate shapes to the fact that
its high carbon content gives it a con-
siderably lower melting temperature
than that of steel.

Familiar stories in science and tech-
nology sometimes have a way of taking
an unexpected turn. Within the past few
years this has happened in the study of
eutectics. It has come about because
eutectics, in addition to having low melt-
ing temperatures, have another charac-
teristic that differentiates them from
other materials. If eutectics are exam-
ined under the microscope, it can be seen
that all of them consist of two or more
types of crystal intimately mixed togeth-
er. Until quite recently metallurgists
paid relatively little attention to this fea-
ture, but it is now receiving considerable
notice. The reason is that experiments
have shown that the microscopic struc-
ture of most eutectics can be drastically
changed by controlling the manner in
which the material is allowed to solidify.
This change in structure endows the
materials with interesting new proper-
ties: magnetic, electrical, optical, ther-
mal and mechanical. Thus the way has
been opened for the development of a
new class of materials with a wide range
of usefulness.
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by R. Wayne Kraft

The new view of eutectics was fore-
shadowed by experiments carried out in
1958 by Harry W. Weart and D. J. Mack
of the University of Wisconsin. It had
been known for some time that the par-
ticular shape and arrangement assumed
by eutectic crystal aggregates is strong-
ly influenced by the type of alloy and
the way it solidifies. For example, the
individual crystals are sometimes sharp-
ly angular, sometimes rounded, some-
times fiber-like, sometimes plate-like;
occasionally they are curly like minute
cornflakes or bunched like tiny rose pet-
als. Rapid cooling usually produces a
microstructure very different from that
observed when an alloy is cooled slowly.
With this background of knowledge
Weart and Mack studied the microscopic
structure of metallic eutectics that were
formed in elongated crucibles in which
the material was changed from the mol-
ten to the solid state by a cooling wave
that proceeded slowly, like an advanc-
ing wall, from one end of the crucible to
the other. In so doing they observed a
striking phenomenon: In the solidified
alloys the crystal aggregates were or-
ganized in “colonies,” or distinguishable
arrays [see illustrations on opposite

pagel].

N about the same time that these ex-

periments were in progress William
A. Tiller of the Westinghouse Research
Laboratories was studying the theoret-
ical aspects of eutectic solidification.
From these efforts a theory was devel-
oped to account for the formation of the
colony structure.

Consider a solution of salt in water.
This mixture, like many metal alloys,
freezes over a range of temperatures
rather than at one specific temperature
the way distilled water or a pure metal
does. Not only does a salty solution

© 1967 SCIENTIFIC AMERICAN, INC

freeze over a range of temperatures but
also the temperature at which freezing
begins is lowered by adding salt to the
solution. (That is why salt is put on high-
ways in the winter.) As a given liquid
solution—say 90 percent water and 10
percent salt—is cooled below 32 degrees
Fahrenheit, it will arrive at a tempera-
ture at which the solution is saturated;
then ice crystals begin to precipitate out
of the liquid. With further reduction in
temperature more and more of the ma-
terial precipitates, until finally, at a tem-
perature corresponding to the bottom of
the freezing range, the entire salty solu-
tion is converted to solid. The freezing
range is called the slushy region.

An alloy composed of two metals, one
dissolved in the other in the liquid state,
is analogous to this water-salt situation.
The graph called a phase diagram can
be plotted showing the freezing range
for different compositions [see illustra-
tion on page 88]. Essentially this is only
an idealized account of the transition;
it represents a series of still pictures, so
to speak. Each line on the chart de-
scribes the situation with the two phases
in equilibrium (that is, with the relative
proportions and composition of the
phases in the material unchanging). Be-
cause the transformation of a liquid to
a solid is a dynamic process, one must
consider the complications that enter
into the picture during the change from
the liquid state to the solid one. These
complications had been investigated in
the early 1950’s by Tiller, Kenneth Jack-
son, John W. Rutter and Bruce Chalmers
at the University of Toronto [see “How
Water Freezes,” by Bruce Chalmers;
ScieEnTIFIC AMERICAN, February, 1959].
They had found that, as freezing ad-
vances in a liquid containing a substance
in solution, atoms of the soluble sub-
stance are rejected from the solid phase
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PARTIAL PHASE DIAGRAM for an alloy composed of two metals, one dissolved in the
other while in the liquid phase, describes the situation when the relative proportions and
compositions of the two phases are in equilibrium. Unlike the pure solvent, the solution
freezes over a range of temperatures. In this case the solute lowers the freezing tempera-
ture of the solvent. A drop in the temperature or the addition of solvent atoms to a point
below the liquid saturation line (upper curve) will cause the precipitation of a solid crys-
talline phase. An increase in temperature or the addition of solute atoms to a point above
the solid saturation line (lower curve) will result in the formation of a liquid phase.

and pile up in front of the advancing
interface between the solid and the liq-
uid. As a result, under certain conditions
a layer of liquid at the interface becomes
supercooled [see top illustration on op-
posite page]. Any projections from the
solid surface into this supercooled region
then tend to grow rapidly and give the
interface a corrugated, cellular form [see
bottom illustration on opposite page].
From these known facts Tiller, and in-
dependently Weart and Mack, deduced
an explanation of the colonies formed
when eutectic alloys were solidified in an
elongated crucible. Atoms of impurity
in the molten material would be rejected
from the solid state and would accu-
mulate in front of the advancing inter-
face. This region in front of the moving
surface of solidification would become
supercooled (that is, remain liquid al-
though it was below the freezing tem-
perature of the eutectic), and as a con-
sequence a cellular interface would
develop on the advancing solid, with im-
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purity atoms collecting at the boundaries
between the cells. It had been known
from earlier work that the individual
crystals of a eutectic (which often have
the shape of lamellae, or thin platelets)
form perpendicularly to the local freez-
ing interface. The longitudinal extension
of the cellular interface produced by the
advance of the solidification front would
thus account for the division of the solid
into colonies of platelets that Weart and
Mack had observed in their elongated-
crucible experiments.

Darryl L. Albright and I, who were

then investigating eutectics in the
United Aircraft Research Laboratories,
were immediately attracted to this new
theory. If the theory was correct, one
should be able to control the solidifica-
tion of a eutectic so that it developed
a predetermined microstructure with
useful properties. Chalmers’ group at
Toronto had found that, in the solidifi-
cation of a single metal, supercooling
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and cellular development at the freez-
ing interface could be prevented by
eliminating impurities from the metal,
by applying a steep temperature gradi-
ent at the interface or by slowing the
rate of solidification of the metal (which
would allow more time for dissolved im-
purity atoms to diffuse away from the
interface and thus would minimize su-
percooling). It appeared, therefore, that
control of these factors might provide a
means of shaping the microstructure of
a eutectic alloy.

We constructed an apparatus for so-
lidifying eutectics in a long crucible un-
der controlled conditions and performed
our first experiments with an alloy of alu-
minum and an intermetallic copper-alu-
minum compound (CuAl,). The results
of these experiments beautifully corrob-
orated the Tiller-Weart-Mack theory.
The crystal particles in the alloy ar-
rayed themselves in almost perfectly
parallel lamellae about a ten-thousandth
of an inch in thickness [see top illustra-
tion on page 91]. Our specimens, which
constituted fairly sizable ingots, showed
that the concept of controlled eutectics
was indeed a practical one.

At about the same time we announced
these results J. P. Chilton and William
C. Winegard of the University of Cam-
bridge, who apparently had been think-
ing along similar lines, published a paper
reporting they had produced essentially
the same structure in the lead-tin eutec-
tic. Since then many investigators have
announced successes in creating parallel
lamellar eutectics composed of various
materials: metallic, semimetallic and ce-
ramic. Other forms also have been pro-
duced, notably eutectic alloys in which
one metal takes the form of parallel fibers
embedded in a matrix consisting of the
other metal [see bottom illustration on
page 91]. By leaching the matrix away
with acid it has been found that these
microscopic fibers may run to consider-
able length—sometimes on the order of
inches long, or tens of thousands of times
more than their diameter. Although the
parallel lamellar and parallel fibrous mi-
crostructures are not the only ones that
have been produced when eutectic so-
lidification is controlled, these two are
the most common and scientifically most
interesting.

Each partner in a eutectic has its own
characteristic crystal structure. In the
aluminum-copper system, for example,
the aluminum platelets have a cubic
crystal structure and the intermetallic
aluminum-copper (CuAl,) platelets have
a tetragonal structure (similar to cubic,
but with one of the three mutually per-
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SOLIDIFICATION of a eutectic alloy in an elongated crucible («)
proceeds from left to right as the crucible is withdrawn from the
furnace. After an initial transient period a state of dynamic equilib-
rium is reached, and the buildup of rejected solute atoms in front
of the advancing solid-liquid interface achieves a steady state (b).
The temperature profile (curved line in “c”) corresponding to the

FINE STRUCTURE of the solid-liquid interface in the eutectic
alloy depicted at the top of this page corresponds to a moderate
amount of supercooling. Projections from the solid surface into
the supercooled region tend to give the interface a corrugated, cel-
lular form. Solute atoms (black dots) rejected from the solid phase

equilibrium freezing temperature was obtained from the liquid
saturation line in the illustration on the opposite page. If the slope
of the actual temperature gradient (straight solid line) is small
enough, a supercooled region (hatched area) exists in front of the
advancing interface. Supercooling can be avoided by increasing the
slope of the actual temperature gradient (straight broken line).

tend to accumulate at the cell boundaries and are incorporated into
the solid in these regions. The longitudinal extension of the bound-
aries accounts for the division of a eutectic solid into colonies. The
length of the supercooled region with respect to the total length
of the specimen is greatly enlarged in these diagrams for clarity.
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pendicular edges shorter than the other
two). We have observed, using specially
developed X-ray diffraction methods,
that when the alloy is forced to assume
the parallel microstructure by control
over the solidification process, certain
crystallographic directions in one or both
phases tend to line up parallel to the
solidification direction. Unfortunately
we are not yet able to predict in ad-
vance how they will line up (even though
we often know how each phase, freezing
by itself, would line up) because of a
complicated mutual influence of each
phase on the other. We have neverthe-
less been able to measure the results.
They show that controlled eutectics, in
addition to exhibiting a pronounced di-
rectionality in the size, shape and dis-
tribution of the metal particles, also tend
to have a pronounced preferred orienta-
tion of the crystal structures in the
particles. These are the characteristics
(providing, for example, directional con-
duction of electricity) that make con-
trolled eutectics so interesting and po-
tentially useful.

What, now, are the possible applica-

tions of controlled eutectics? This class
of materials carries the potentiality of
giving directionality to almost all the
properties inherent in crystalline solids,
indeed, essentially every property except
density. The field is therefore very broad,
and many possibilities are now being ex-
plored in various laboratories.

One particularly inviting area is the

application of eutectics to the pro-
duction of permanent magnets. A paral-
lel array of ferromagnetic crystals in the
fibrous form, embedded in a nonmag-
netic matrix, should have excellent char-
acteristics for this purpose. At Lehigh
University, Albright has produced such
a material. Using a mixture of iron and
iron sulfide, he applied controlled solidi-
fication to create a eutectic in which a
great number of fine, needle-like crystals
of magnetic iron are arrayed in parallel
in the sulfide matrix. Albright has dem-
onstrated the magnetic sensitivity of this
material by building an experimental
model of a magnetometer [see illustra-
tion on page 92]. The magnetic project
is being pursued further at Lehigh with
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experiments on other alloy systems, and
similar investigations are in progress at
the United Aircraft Laboratories under
the leadership of F. S. Galasso. At
United Aircraft the investigators have
produced magnetic materials consisting
of parallel iron rods in a matrix of iron
antimonide (a compound of iron and
antimony).

Another promising field for controlled
eutectics is in the realm of electricity
and electronics. At the Siemens Labora-
tories in Germany a group has developed
a system in which fibers of an electrical
conductor, nickel antimonide, are em-
bedded in a matrix of indium antimo-
nide, a semiconductor with high electri-
cal resistance. When a magnetic field is
applied, the electrical resistance of this
system increases markedly. It can be
used as material for probes to measure
extremely weak or extremely strong mag-
netic fields. Another promising applica-
tion of the same material is as a polari-
zation filter for infrared radiation. At
United Aircraft studies are being made
of the possible use of the conductor-
nonconductor combination to convert
an electron beam into a beam of vis-
ible light. At the Radio Corporation of
America Laboratories, W. K. Liebmann
and E. A. Miller have made a eutectic,
consisting of antimony fibers in an in-
dium antimonide matrix, that has several
unique properties: the thermoelectric
power in the perpendicular direction
across the fibers is four times greater
than along the fibers; the electrical con-
duction along the fibers is 10 times high-
er than across them, and the conduction
of heat also is much greater along the fi-
bers than in a perpendicular direction.

At Lehigh we are studying the possi-
bility of creating eutectic devices that
will act as efficient converters of energy
by means of interrelated thermal, mag-
netic and electrical effects. Another in-
teresting investigation at Lehigh, recent-
ly conducted by Sander Levy, looked
into the possibility that the supercon-
ducting properties of metals might be
affected by directionality. Little effect
was found in the tests as far as they
went, but the studies did help to clarify
the theory of superconductivity.

Perhaps the most intriguing of all the
uses that lie ahead for controlled
eutectics is their application to the manu-
facture of extremely strong materials. It
is now generally accepted that the
strongest possible material that can be
made is one in which very strong crystal
fibers, or “whiskers,” are embedded in a
ductile matrix [see “Metal “Whiskers,” ”
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CONTROLLED LAMELLAR EUTECTIC is composed of lamel- rection. The eutectic shown here is an alloy of aluminum (Al) and

lae, or thin layers, that lie parallel to the direction of solidification, a copper-aluminum compound (CuAl,) produced by the author
which advanced from left to right in the longitudinal section at left. and Darryl L. Albright at the United Aircraft Research Laborato-
The section at right was cut at right angles to the solidification di- ries. The lamellae are about a ten-thousandth of an inch thick.
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CONTROLLED FIBROUS EUTECTIC is an alloy in which one the other metal. In this cross-sectional view the metallic fibers
metal takes the form of fibers embedded in a matrix consisting of appear as gray dots distributed in a distorted hexagonal array.
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TORQUE MAGNETOMETER (top) was built by Albright at Lehigh University to test the
magnetic sensitivity of eutectic materials composed of a parallel array of ferromagnetic
crystals in the fibrous form (color), embedded in a nonmagnetic matrix. The torque ob-
served for a controlled eutectic consisting of iron fibers in an iron sulfide matrix is indi-
cated in the graph at bottom. The point of zero torque at 90 degrees is not a point of rest
but rather a point at which the torque changes rapidly from a positive to a negative value.
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by S. S. Brenner, SCIENTIFIC AMERICAN,
July, 1960, and “Fiber-reinforced Met-
als,” by Anthony Kelly, February,
1965]. Eutectics that have fibers arrayed
in parallel fulfill these specifications
beautifully.

Some time ago Frank D. Lemkey and
I, using a special apparatus we had built
for measuring the tensile strength of
fine crystal fibers, found that individual
chromium fibers too fine to be seen with
the unaided eye had a strength of more
than a million pounds per square inch—
twice the strength of the strongest steel
known today. These fibers had been pro-
duced in a controlled-eutectic alloy of
chromium and copper. Since then, at
United Aircraft and in our laboratory at
Lehigh, several other eutectic alloys em-
bodying very strong whiskers have been
produced; the alloys are based variously
on nickel, niobium and magnesium.
Lemkey and M. Salkind at United Air-
craft recently reported that a eutectic
consisting of niobium-carbide whiskers
in a niobium matrix had very high
strength at temperatures up to 3,000 de-
grees Fahrenheit. Such a material ob-
viously should be useful for many mod-
ern applications, for instance turbine
blades in jet engines, where high heat-
resistance is required. In our laboratory
at Lehigh, Richard Hertzberg and I
have produced an exceptionally strong
eutectic alloy of magnesium and copper
and other strong alloys based on mag-
nesium or nickel.

The unique virtue of the controlled-
* eutectic approach to making strong
materials is that the combination of com-
ponents specifically required for such a
material—parallel arrays of strong fibers
fortifying a body of ductile metal—is
produced in a single process as a natural
product of the way in which the melt is
solidified. This will be true of the pro-
duction of eutectics for any specified
purpose. The desired material will be
obtainable simply by selecting elements
that can interact eutectically and by
applying to a suitable combination of
these elements a solidification process
designed to produce the necessary mi-
crostructure.

The field of controlled eutectics is still
in its infancy. Only a few of the many
potentially useful eutectic systems have
been explored so far, and the stage of
commercial development is not yet un-
der way. Basic exploratory work in this
new field is going forward in a spirit of
high enthusiasm, however, in a number
of laboratories on both sides of the At-
lantic.



“...and you can almost hear it chuckling to itself
dS you rea”y begin to use it.” p.s. Jenkinson writing about Porsche in MOTOR SPORT

“Its first class stability, hard-working engine, perfect gearbox,
accurate steering, high cornering propensities, and one-piece feel
make it a real GT car, a car that is intended for hard motoring. The
harder you drive it, the more it seems to come alive . . . it is with
you all the way through thick and thin; an incredibly safe car that
you know you can trust, and if you make a mistake when driving it
fast, it will stay with you and help you to sort things out.”

Three versions for gran turismo connoisseurs: Porsche 912 with 4-cylinder, 102-hp engine, about $4790. Porsche 911 (LTS
with new 6-cylinder, 148-hp engine, 4- or 5-speed gearbox, about $5990. Porsche 911S with 5-speed gearbox and
Carrera 6-inspired 180-hp engine, about $6990. All prices East Coast POE. For name of dealer, brochure or overseas
delivery data, write Porsche of America Corporation, 107 Tryon Avenue West, Teaneck, New Jersey 07666, Dept.1102.
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MEDICAL THERMOGRAPHY

Measurement of the heat emitted through the skin at various points

on the body has proved valuable 1n the diagnosis of such disorders

as tumors and arthritis and 1n observing the effects of treatment

The concept of taking a sick person’s
temperature to gain information
about his condition is so well es-
tablished that one can scarcely imagine
a physician, a nurse or a household with-
out a clinical thermometer. In recent
years the concept has been extended to
making accurate measurements of heat
emitted from a particular region of the
body. This technique, called thermog-
raphy, is based on the recognition that

by Jacob Gershon-Cohen

the temperature of the skin can vary
from place to place depending on the
cellular or circulatory processes taking
place inside the body at each point. As
practiced by a small but growing num-
ber of physicians, thermography has
achieved interesting results in detecting
tumors, determining the location and ex-
tent of arthritic disturbances, gauging
the depth of tissue destruction from
burns and frostbite and performing a

number of other diagnostic functions.

One way to measure the emission of
heat from the body is to attach heat-
sensing devices to the skin. In our work
at the Albert Einstein Medical Center in
Philadelphia we have preferred to use an
apparatus that scans a region of the body
from a distance, detects variations in the
emission of heat and transforms them
into visible signals that can be recorded
on photographic film. The result is a

THERMOGRAM OF HANDS shows variations of temperature.
The thermogram was made with the heat-sensing apparatus known
as the Barnes thermograph. The technique produces a photograph
in which relatively warm areas appear lighter in color than rela-
tively cool areas. At top is a gray scale usually placed alongside the
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region of the body being scanned; the scale emits heat at known

values of temperature and so can be compared with the thermo-
gram to provide an approximation of the temperatures of the re-
gion scanned. The slanting shape of the thermogram arises from the
optical properties of the scanning system in the Barnes apparatus



photographic print in which relatively
warm parts of the region scanned are a
light gray and relatively cool parts are a
darker gray [see illustration on opposite
page]. The apparatus is known as the
Barnes thermograph; several other kinds
of thermographic equipment, based on
somewhat different principles, are avail-
able or in the process of development.

t is not generally realized, cven among

physicians, that the practice of ac-
curately measuring temperature in illness
is less than a century old. During the
Civil War not a single doctor in the Un-
ion army possessed a thermometer. Fe-
ver as an indication of disease was known
to the ancients, but until the 17th cen-
tury its measurement depended solely
on the sense of touch. The first attempt
to measure body temperature by instru-
mental means might be said to date back
to 1595, when Galileo invented a ther-
mometer and his colleague Sanctorius of
Padua began to test it. For 250 years the
instrument was in and out of promi-
nence without achieving a permanent
niche in either physics or medicine, even
though its adoption was advocated by
some of the most learned men of the
time.

The 18th-century Dutch clinician
Hermann Boerhaave, using a thermom-
eter made for him by Gabriel Fahren-
heit, learned how useful it was in prac-
tice among his patients in a 12-bed
ward at the University of Leiden. One
of his followers, Anton de Haen of Vien-
na, continued to apply Boerhaave’s dic-
tates and scattered reports of his findings
through 15 volumes. He recorded the
fluctuations of temperature that occurred
in the aged, in fevers and in infections;
he also noted the persistence of elevated
temperature after apparent recovery in
some illnesses. Most important, he rec-
ognized the contrast between the sub-
jective feeling of warmth or coolness and
the objective recording of the actual tem-
perature. None of his observations stimu-
lated professional imitation.

In 1851 Carl Wunderlich of Leipzig
introduced the thermometer in his thriv-
ing clinic. He studied some 25,000 pa-
tients, and his individual observations
are said to have totaled more than a mil-
lion. Ultimately he formulated laws of
thermometry in disease. When his work
was widely confirmed, the use of the
thermometer on a universal basis was at
last established.

he inertia that has so often charac-
terized the medical application of
new measuring instruments was re-

peated early in this century after the
introduction of exquisitely sensitive

thermoelectric devices based on the
work of Antoine C. Becquerel and
Gilbert Breschet of France. In medical
use the devices were usually applied to
the skin. Possibly the potential of this
form of thermometry was not appreci-
ated because there have always been

limitations in the ability of thermoelec-
tric devices to measure local skin tem-
peratures accurately. The reason is that
pressing the sensing device against the
skin changes the pattern of circulation
in the area of contact and so affects the
reading obtained by the instrument.
Our interest in thermography was
aroused by reports from R. N. Lawson

THERMOGRAM OF PATIENT reveals a thyroid tumor in the light area below the throat.
Tumors usually show a temperature one or two degrees centigrade higher than that of
surrounding regions. Hence thermography has proved useful in early diagnosis of cancer.
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BARNES THERMOGRAPH is an infrared camera. It detects heat
emitted by an object such as the body; it transforms the energy of

SUBJECT

OPERATING PRINCIPLE of the Barnes thermograph is based on
a heat detector. The detector compares infrared radiation (dark
color) from a patient with that from a chopper, which is at a known
temperature, and converts the measurements into electrical signals
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the heat into an electric current that operates a visible light of
variable intensity, and it records the light on photographic film.

MODULATED LIGHT £ALW

IMAGE-SCANNING
. MIRROR

MIRROR LENSES

ELECTRONICS

DETECTOR
I
PREAMPLIFIER

that are amplified to operate a gas-discharge tube. The tube emits
visible light (light color) with an intensity that varies from dim to
bright according to the amount of heat being detected. The light is
then reflected onto photographic film to produce the thermogram.
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of the Royal Victoria Hospital in Mon-
treal and K. Lloyd Williams of the Mid-
dlesex Hospital in London that skin tem-
perature over a cancer of the breast was
higher than that over normal tissue. We
had long been occupied with the detec-
tion of breast cancer by X-ray studies.
The reports by Lawson and Williams
alerted us to the significance of portray-
ing skin temperatures with modern bo-
lometers, which measure the intensity
of heat by means of variations in the
electrical resistance of a semiconducting
material.

We approached R. Bowling Barnes,
president of the Barnes Engineering
Company of Stamford, Conn. He made
available to us a “heat camera” that had
been designed for military use. Prelimi-
nary studies with the apparatus were so
promising that the Barnes firm designed
the thermograph specifically for medical
applications. Using two of the devices,
my colleagues JoAnn and Erich E.
Brueschke and I have studied more than
5,000 patients since 1962.

The pictorial representations of skin
temperature produced by the thermo-
graph are called thermograms. Essential-
ly they are thermal maps. We have found
that their proper interpretation affords
exciting clues to the diagnosis, progno-
sis and treatment of many illnesses.

Some principles of physics and biology

that underlie thermography can be
stated briefly and will help the reader
to understand the medical applications.
Thermography deals with infrared radia-
tion, named by Sir William Herschel in
1800 after he had observed that the bulb
of a mercury thermometer was most
strongly heated by radiation beyond the
red end of the visible spectrum. The be-
havior of the invisible infrared waves is
regulated by the same laws as all other
electromagnetic waves.

Every object with a temperature high-
er than absolute zero emits energy at its
surface. The wavelength and intensity of
the radiation depend on the absolute
temperature of the object and on the
emissivity of its surface. The relation be-
tween temperature and radiated energy
is defined by the Stefan-Boltzmann law,
which states that the total radiation emit-
ted by an object is proportional to the
object’s area and emissivity and the
fourth power of its absolute temperature.
Thus if the emissivity of an object is
known, the energy received by a suitably
designed detector of infrared radiation
will be related to the fourth power of
the object’s temperature.

The emissivity of human skin is re-

markably high in the range of infrared

wavelengths between four and 20 mi-
crons. Indeed, J. D. Hardy of the J. B.
Pierce Foundation Laboratory in New
Haven, Conn., has found after intensive
studies that the emissivity of human skin
in that region of the spectrum is within
1 percent of that of a black body, a the-
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oretical object that perfectly absorbs and
emits energy. Hence broad-band mea-
surements of the infrared energy emitted
by the skin can be converted directly into
values of temperature. With sensitive
thermographic apparatus the differences
in the amount of infrared radiation re-
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BREAST TUMOR appearing in a thermogram is marked with an X. The L above it signifies
“left” and is placed on the patient because left and right in thermograms are ofien re-
versed from the order in ordinary photographs. The reason is that the patient is recumbent
during thermography and heat from her body is reflected into the detector by an overhead
mirror. Below the thermogram are graphs made by electronic devices; A shows the tem-
peratures of the standard reference scale and B-D show the thermal profiles of the regions
marked by the correspondingly lettered lines. Temperature of tumor is at X in graph D.
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ceived by the detector can be recorded
on thermograms as halftones that are
light or dark in direct proportion to the
temperature.

The heat-sensing device in the Barnes
thermograph is a thermistor composed of
nickel, cobalt and magnesium oxide in
the form of a thin flake mounted on a
sapphire. The thermistor, acting as a bo-
lometer, changes its electrical resistance
in proportion to the radiant energy re-
ceived; the change is about 4 percent for
each degree centigrade. The flow of ra-
diation to the thermistor is interrupted
regularly by a chopper [see bottom il-
lustration on page 96]. By this means
the thermistor is able to compare the
radiation received from the subject with
the radiation received from an artificial
black body in the form of a black surface
on the chopper. Accordingly the electric
current in the thermistor fluctuates. After
considerable amplification the current is
strong enough to illuminate a gas-dis-
charge tube, which glows with an inten-
sity proportional to that of the radiation
being detected by the thermistor. Light
from the tube travels to the back side of
the scanning mirror. From there the
light is reflected into a Polaroid camera,
which produces the thermogram.

The scanning mirror, placed at 45
degrees to the optical axis, is driven by
cams to produce a horizontal sweep cov-

ering 20 degrees. After each horizontal
scan the scanner is rapidly returned to its
starting position; during the return a
blanking circuit cuts off the light of the
tube, and at the same time the scanning
mirror is tipped upward by the width of
one line. The process is repeated until a
vertical height of 10 degrees has been
scanned. The optical system has an in-
stantaneous field of view of one angular
mil, which is equivalent to an eighth of
an inch at a focal distance of 10 feet. At
this distance the thermograph’s field of
10 by 20 degrees covers an area of 28 by
40 inches. The time required to scan
such an area is four minutes. Each ther-
mogram contains some 60,000 “bits” of
temperature information.

Alongside each patient undergoing
thermography we place a standard ref-
erence scale that emits heat at vari-
ous known temperatures and appears in
thermograms as different values of gray.
The scale is visible in several of the
thermograms accompanying this article.
It is possible to compare the thermogram
with the gray scale to arrive at an esti-
mate of the temperature in each part
of the patient’s body shown in the ther-
mogram. Because such a comparison is
likely to be made differently by different
observers, however, we also use a num-
ber of techniques by which the density

of shading is determined electronically

EFFECT OF NICOTINE on the circulation appears in thermograms of a man’s arms before
he smoked (left) and 15 minutes after he smoked a cigarette (right). Nicotine has constrict-
ed blood vessels, reducing the amount of blood in the arms and lowering their temperature.
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and displayed by means of oscilloscopes,
isothermic charts and inked graphs on
strips of paper. During the past three
years the standard gray scale and the
display techniques have undergone con-
siderable improvement. The current
thermograph affords temperature dis-
criminations of about 5 degree C.

Skin temperatures are generally lower

than the 37 degrees C. (98.6 degrees
Fahrenheit) normally registered in the
mouth. The range of skin temperatures
is from 23 degrees C. to 36 degrees C.
In normal circumstances the variations
result from differences in the skin and
under it and in the thermal conductivity
of the tissues covered by the skin. In ad-
dition, of course, there are differences
caused by disease or abnormal physio-
logical states.

In making thermograms the pigmenta-
tion of skin presents no problems. It is
possible, however, to encounter spurious
effects from visible light and from re-
flections of infrared at short wave-
lengths. We guard against such effects
by using filters; germanium lenses, for
example, are used to exclude radiation
with wavelengths shorter than 1.8 mi-
crons.

Foreign material such as lipstick, nail
polish, rouge, carbon black and India ink
placed on the skin will make it appear
slightly cooler on thermograms, since the
emissivity of these materials is lower
than that of skin. Hair, because it has no
blood vessels, comes into equilibrium
with room temperature and consequent-
ly appears cool. Skin that is inflamed,
swollen or situated directly above blood
concentrations such as veins, infections,
cancers and bruises will appear hotter
than normal. Conversely, skin over areas
with a decreased blood supply, which
is characteristic of arteriosclerosis and
thrombosis, will appear cooler.

Thermograms can be obtained of all
parts of the body not covered by hair.
The valuable diagnostic information they
furnish can localize areas of immediate
concern to the physician. The progress
of disease and the efficacy of therapy can
be monitored by a series of thermo-
graphic studies in many situations where
the ordinary clinical thermometer would
be inadequate.

During the past three years the breasts
of more than 3,500 women have been
thermographed in our institution. By cor-
relating each thermogram with other
diagnostic information, including X-ray
studies, we have fairly well appraised
the reliability of the technique. When
the heat patterns are uniform over both



FAULTY CIRCULATION in legs is depicted in the dark areas of
a photographic thermogram (left) and in an isothermic presenta-
tion of the same situation (right). In making the isothermic pre-

breasts and no localized “hot spot” is
discernible, abnormality can usually be
ruled out.

If a localized elevation of skin tem-
perature of more than 1 degree C. is
detected, the presence of a cancer is one
of the possibilities that must be consid-
ered. More than 95 percent of all breast
cancers have been found to be associ-
ated with a skin temperature at least 1
degree C. higher than the temperature
of the uninvolved portion of the same
breast or of a similar area of the opposite
breast. The possibility of using these ob-
servations for screening the breasts of
groups of healthy women is currently
being tested in several institutions in
New York and Philadelphia.

Medical thermography has been em-
ployed in many other medical and sur-
gical problems. Thermographic “finger-
prints” are yielded by malignant tu-

mors, both localized and widespread; by
fractures, abrasions, contusions and dis-
locations; by burns and frostbite; by
localized infections; by arthritis, and by
disturbances of the peripheral vascular
system. Some striking results have been
obtained from such thermograms.

For example, new insights are afford-
ed by thermography in the experimental
study of the effects of drugs. The idea
that nicotine has a widespread constric-
tive effect on the blood vessels of smok-
ers is graphically confirmed by thermo-
grams in a way never before possible
[see illustration on opposite page]. Im-
paired circulation in arteries of the limbs
and the neck can be seen in thermo-
grams, often considerably in advance
of detection by clinical means; hence
therapy can be instituted sooner. The
effectiveness of procedures to correct the
impairment, whether by drugs or by
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sentation the Barnes thermograph converts five values of tempera-
ture sensed by the infrared detector into five values of gray and
reproduces the grays on film. The conversion is done electronically.

surgery, can be ascertained by studying
the heat patterns of the skin before and
after treatment.

Again, the thermographic interpreta-
tion can be successful only in the context
of complete studies. They include such
accessory examinations as angiography
(X rays of blood vessels after injection of
a radio-opaque substance). Angiography
might, for instance, demonstrate any of
the following conditions near a gan-
grenous area in the foot of a diabetic
patient: (1) no blood supply to the area;
(2) dilated small arteries in the area sur-
rounding inflammation; (3) an abnormal
capillary blush around inflamed connec-
tive tissues. The thermographic patterns
in these three situations might be at vari-
ance. Unless they were properly corre-
lated they could lead to an incorrect
interpretation.

By repeated examinations of the skin

99



over involved joints the activity of ar-
thritic processes can be followed. Ther-
mographic patterns above the sites of
fractures often disclose persistent resid-
ual heat long after the bone fragments
have united. The effect arises because
the injured soft tissues and blood vessels
heal more slowly than the bone. In frost-

bite and burns the presence and location
of devitalized tissue can be precisely
mapped for removal by the surgeon. The
viability of skin grafts is well portrayed
by thermography.

During pregnancy the location of the
placenta, knowledge often vital to the
safe delivery of the child and the health

of the mother, can be determined with
considerable accuracy by thermography.
The technique obviates the necessity of
using potentially harmful X rays or ra-
dioactive isotopes. The activity of many
skin conditions can be accurately
mapped. Malignant pigmented moles
can be distinguished from benign ones.

YBl—
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EFFECT OF TREATMENT can be observed by thermography. At
top left is a thermogram of a patient with impaired circulation
to the head because of blockage of a carotid artery. Below it
is a diagram showing the temperatures in degrees Fahrenheit of
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regions of the head. At right are a thermogram and a correspond-
ing diagram made after the patient had undergone an operation
to correct the difficulty. Low temperatures that were evident be-
fore the operation because of faulty circulation have disappeared.
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Because every person has his own heat
patterns, and because the patterns vary
widely in appearance, it is essential that
skill and experience in interpreting ther-
mograms be acquired. The techniques
are mastered in much the same way that
the radiologist acquires proficiency in
the interpretation of X-ray films, which
are also a mosaic of grays. Even when
abnormal heat patterns are seen, one
cannot come to a diagnostic conclusion
without recourse to other measures such
as a careful appraisal of symptoms,
physical signs and the results of labora-
tory procedures, including X-ray studies.
The thermograph is an excellent diag-
nostic adjunct, but it is not conclusive
in itself. As improvements accrue with
time and experience, however, the tech-
niques should prove increasingly re-
liable. Its potential applications are only
now being explored; indeed, thermog-
raphy is at much the same stage that
roentgenology had reached at the turn
of the century.

By discussing at some length the

Barnes thermograph, which is the
instrument we have used, I do not mean
to minimize the importance of the other
kinds of apparatus that have been de-
veloped for thermography. One of them,
the Evaporograph, made by Baird-Atom-
ic Incorporated of Cambridge, Mass., is
based on ideas put forward by Marianus
Czerny of Germany in 1929, when he
described a means of making heat radia-
tion visible. His name for the technique
was evapography.

In the Evaporograph a thin membrane
of nitrocellulose divides an evacuated
cell into two compartments. The entire
cell is situated between an optical system
and a viewing system [see illustration on
next page]. One of the compartments is
heated, and when oil is introduced into

it, the oil condenses on one side of the |

membrane. The infrared image is fo-
cused on the other side of the membrane,
which is coated with a thin film of gold
black to increase the membrane’s capac-
ity for absorbing heat. The intensity of
heat radiation in the image varies from
point to point, with the result that the
thickness of the film of oil condensing on
the other side correspondingly varies.
When the oil film is illuminated with
white light, the interference of the light
waves at points of differing thickness
gives rise to an image with colors resem-
bling those in an oil slick. From the rates
of change in the thickness of the film,
temperatures in the entire field can be
determined by using a reference point of
known temperature and emissivity. With

an appropriate optical system the oper-
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Another great bird photograph dem-
onstrates the resolving power of
Questar which reaches out to capture
distant wild life in such sharp detail
that it might be but a few feet away.

In the cover shot at left, the arrow
points to the little blue heron caught
in a dramatic pose on the dock. It is
200 feet from the Questar Field Model
shown in the foreground with the
Nikon camera attached and mounted
on the Linhof Heavy Duty Profes-
sional Tripod.

Exposure 1/125 sec., on Plus-X film.

Below, the Nikon F Photomic-T cam-
era is attached to the Standard Questar,
which is fully mounted to be used on any
sturdy table or other handy flat surface
and can eliminate the need for a tripod.
The right-angle viewer on the camera is
extremely convenient with this set-up.

WORLD’S FINEST, MOST VERSATILE SMALL
TELESCOPE. PRICED FROM $795. SEND $1
FOR 40-PAGE BOOKLET TO ANYWHERE IN
NORTH AMERICA. BY AIR TO REST OF
WESTERN HEMISPHERE, $2.40, EUROPE AND
NORTH AFRICA, $2.50. AUSTRALIA AND
ALL OTHER PLACES, $3.50.

QUESTAR

BOX 20 NEW HOPE, PENNSYLVANIA 18938
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ator can observe and photograph the
image simultaneously. The resulting
thermograms are qualitatively interest-
ing, even promising, but at least for the
present they do not have sufficient tem-
perature discrimination for medical pur-
poses.

Alother system of thermography is the

Pyroscan, developed by S. Smith
and Sons of London. In this system a
photoconductive detector such as indium
antimonide is employed. The sensitivity
of the detector can be enhanced by cool-
ing it with liquid nitrogen. The detector
has a fast response but is limited to re-
cording wavelengths no longer than 5.4
microns. The emission of radiation from
the human body extends out to consider-
ably longer wavelengths, the maximum
emission occurring at 9.5 microns. The
scanning time for the Pyroscan is only 30
seconds for a field of view as large as
the chest, and the image can be dis-
played on electrostatic paper.

A variation of this system has been
developed in Sweden by AGA Aktie-
bolag. Here the processed infrared radia-
tion signals are used to modulate the in-
tensity of a beam from a cathode ray
tube. The beam sweeps across the tube
face in a pattern corresponding to the
scanning pattern of a television camera.
The thermal picture so obtained is made
up of light and dark areas that corre-
spond to the higher and lower surface
temperatures of the body. The display
is virtually free of flicker because the
camera operates continuously at 16
frames per second. Permanent records
can be obtained with a Polaroid camera

GERMANIUM
LENS

EVAPOROGRAPH records infrared radiation by means of a film
of oil. A germanium lens collects the radiation and focuses it on a
thin membrane in the detector, which is a cell from which air has
been evacuated. The portion of the cell on the other side of the
membrane is lined with blotting paper moistened with oil. When
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or a 35-millimeter camera in a manner
allowing simultaneous viewing and re-
cording.

A quite different approach to ther-
mography was investigated until re-
cently by a research group at the General
Electric Company. The effort was based
on observations of Edmond Becquerel in
1843 that infrared radiation will quench
the phosphorescent afterglow of certain
materials that have been excited by visi-
ble light or ultraviolet radiation. For
thermography a coating of cadmium sul-
fide is applied to the skin with an aerosol
device, and the coated area is flooded
with ultraviolet radiation. The varying
infrared radiation from the underlying
skin produces a pattern of point-by-point
quenching of differing intensities. The
pattern can be photographed and quali-
tatively studied.

Several drawbacks in the system
caused the group to suspend its work.
They included the inconvenience of ap-
plying and removing the chemical coat-
ing, the unevenness of the coating, the
possibility that the absorption of phos-
phorescent compounds through the skin
would be toxic, and the lack of sufficient
temperature discrimination. A variation
called “projection thermography” has
been tried; in it the image of the body
under observation is focused on a phos-
phor screen. Unfortunately this tech-
nique has proved to be even less sensi-
tive than the original one.

Experiments in the use of several other
kinds of apparatus for thermography are
under way in various laboratories. La-
sers and masers, which generate radia-
tion of precisely controlled wavelengths,
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show promise for thermographic applica-
tion. The Golay pneumatic cell might
prove to be an infrared detector capable
of producing a useful output signal by
mechanical means. The cell consists of a
small chamber filled with gas, a window
capable of transmitting infrared radia-
tion and a blackened receiver of thin
foil. When infrared energy falls on the
receiver, the temperature of the gas in-
creases, causing the foil to distend a
small, flexible mirror. An optical system
measures the extent of the distortion.
Liquid crystals, which exhibit changes
in light-reflecting properties when they
are heated or cooled, also show possi-
bilities for thermography [see “Liquid
Crystals,” hy James L. Fergason; Sci-
ENTIFIC AMERICAN, August, 1964]. In-
frared radiation falling on a heat-absorb-
ing surface coated with liquid crystals
of a substance such as cholesterol will
produce a thermal pattern in color.

he future of thermography as a diag-

nostic adjunct in all branches of med-
icine and surgery seems bright. One
obstacle to the rapid spread of the tech-
nique may be the cost of the apparatus;
the present price of a Barnes thermo-
graph is about $25,000. Still, it seems
reasonable to expect from the experience
we and other investigators have gained
that thermography will add a significant
new dimension to the diagnosis and
prognosis of disease. I also foresee the
likelihood that research in biology will
profit from thermographic techniques,
particularly with the introduction of heat
sensors for microscopy and in vivo spec-
trometry.
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that part of the cell is heated, oil condenses on the membrane in a
film that varies in thickness according to the differing temperatures
on the other side of the membrane. In white light the film has
varied colors; the image is reflected to an eyepiece and to a camera.
A thermogram made in this way is on the cover of this issue.
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TRIBAL HUNTER from the central plateau of peninsular India the Ras Phasé Pardhi tribesmen of Maharashtra, the hunter belongs
stalks game such as quail by hiding behind a cloth screen and mov- to an aboriginal society whose ancient tradition of ordeal by fire
ing beside a grazing cow until the quarry is within reach. One of may have inspired the more modern Hindu ritual of fire walking.
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Living Prehistory in India

In India, as in many other lands, herdsman has succeeded hunter

and farmer has succeeded both. A study of tribal groups that still

pursue these ancient livelthoods helps to tlluminate a shadowy past

he basic task of the prehistorian
| is to learn as much as he can
about the lives of the vanished
people he chooses to study. Since by
definition he works with evidence other
than written records, he sometimes turns
for illuminating parallels to living peo-
ples who themselves have no written
history. Perhaps nowhere in the world
can such parallels be found more readily
than in India. For one thing, even the
written material from ancient India can-
not be considered history. Scarcely a
single historical figure who lived before
the Moslem period (beginning in the
12th century) can be dated with any de-
gree of accuracy, and more general ac-
counts show little concern for facts or
common sense. What is perhaps more to
the point, there exist in India today
many tribal peoples whose customs go
back to preliterate times. Representing
some 30 million (about 6 percent) of
India’s total population of 440 million,
these peoples preserve many features—
in fossilized form, as it were—of Indian
prehistory.

How is it that peoples whose way of
life has remained largely unchanged
from prehistoric times have survived in
India, which has had cities and civiliza-
tion since early in the third millennium
B.c.? The answer lies in the availability
of food. In India today food shortages
are all too well known, but they are a
comparatively recent development; even
now they are limited to village farmers
working marginal lands and to the na-
tion’s impoverished city dwellers. In
most of India nature is so kind that for
thousands of years it has been possible
for people to live with comparative ease
simply by hunting and primitive food-
gathering. This is still the case in areas
where overcultivation and excessive
clearing of forest have not eliminated the
land’s natural cover. Not only are fish

by D. D. Kosambi

and game abundant but also a variety of
other natural products are enough in
themselves to provide a balanced diet.
Fruits, nuts, berries, leafy vegetables,
tubers such as the yam, mushrooms,
honey—more than 100 such natural
products can be gathered in season. A
large number of foodstuffs that can be
stored from one season to the next grow
in both wild and cultivated forms. In
this category are sesamum (which pro-
vides an edible oil), emmer wheat, rice,
a wide variety of beans and the sor-
ghums and millets. Indeed, in the days
of Gautama Buddha (sixth and fifth
centuries B.c.) the millet Panicum fru-
mentaceum was gathered wild and not
cultivated at all.

This abundance of vegetable re-
sources, supplemented by the milk and
other dairy products available to the
herders of cattle, sheep and goats, means
that even hunting is not really crucial to
survival. One can support life reasonably
well in the balmy Indian climate with-
out killing anything. This is a basic reali-
ty that does more than merely account
for the survival of primitive tribal groups
in India today: it clarifies the origins of
Indian social thought. The characteristi-
cally Indian religions—such as Buddhism
and Jainism—regard the taking of life as
a sin. It is scarcely conceivable that such
an ethic could have developed if an econ-
omy of bloodless food-gathering had not
provided prehistoric Indians with an ad-
equate livelihood.

The Iron Age people who practiced

plow agriculture in India were at
first limited to the plain of the Ganges.
From that rich region they moved south-
ward into the Deccan: the great forested
plateau of peninsular India [see illustra-
tion on page 108]. This invasion was
not accompanied by the violence that
marked Rome’s Iron Age conquest of
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tribal Gaul and pacification of the forests
beyond the Rhine. As the advancing
plowmen from the north met the forest
herders and food-gatherers of the south,
the contact seems to have initiated a
process of mutual acculturation. The
food-gatherers learned to adjust to agri-
culture and the farmers not only came
to rely heavily on food-gathering to sup-
plement their diet but also brought wild
foodstuffs under cultivation. This two-
sided adjustment between gatherer and
producer provides both the fabric and
the pattern of India’s past. It is notably
reflected in today’s social organization
and accounts for the origin of caste and
the caste system [see “The ‘“Untouch-
ables’” of India,” by M. N. Srinivas and
André Béteille; SCIENTIFIC AMERICAN,
December, 1965].

In many parts of India the names of
the local tribal people are identical with
those of the local agricultural castes,
even though the difference in caste be-
tween tribesman and farmer prevents in-
termarriage and other forms of contact
between them. The identity of names
probably stems from an original unity,
when immigrant farmers and indigenous
food-gathering tribesmen at first made
common cause in the forest region. The
two major characteristics of the caste sys-
tem—prohibitions against marriage out-
side the group and against acceptance of
food from the hands of a stranger—are
taboos that are typical of food-gathering
tribal societies. One can imagine the
caste system originating as a somewhat
later effort of the indigenous food-gath-
erers to establish themselves as being su-
perior to the immigrant plowmen.

If this is the case, one may ask why
the caste of farmers is now higher than
that of tribesmen. Answers are not hard
to find. First, whatever their initial
handicaps, the farmers, simply by prac-
ticing agriculture, had a sounder eco-
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nomic base than the tribal people, and
in India, as elsewhere, social rank cor-
responds closely to position on the eco-
nomic scale. Second, because of their
somewhat better food supply the farmers
must almost from the first have multi-
plied faster than the tribesmen and thus

PACKHORSES belonging to shepherds of the Dhangar caste are
led by the women to the next campsite in a round of travel that
may cover as many as 400 miles during the eight months of the dry

MODERN MICROLITH is made by a Dhangar shepherd, who
smashes a nodule of chalcedony with a stone hammer and anvil.
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would soon have outnumbered and dom-
inated them.

Although there are caste inequalities
between farmers and tribal peoples
today, plentiful evidence of mutual ac-
culturation remains, particularly in the
area of religion. Many of the supposedly
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“Hindu” gods of the Brahman pantheon,
for example, have their actual origin in
tribal cults. By the same token, when
tribal people abandon their aboriginal
ways and take to farming for a liveli-
hood, they abandon their ancient gods
and adopt Hindu religious practices.

season. The Dhangar men do not follow the roads but let their
sheep graze cross-country. Each night they pen the flock in the
fields of local farmers, who pay for the manuring that results.

He will use one of the razor-sharp chalcedony fragments as a knife
for castrating lambs. The knife is thrown away after one use.



Much of the ritual that accompanies
both the Hindu religion and the aborigi-
nal ones seems bizarre to modern eyes.
Nonetheless, to dismiss ritual as mere
superstition (or worse, to follow the fad
of explaining it in psychoanalytic terms)
is to throw away a genuine opportunity
to study both the history and the pre-
history of India.

L\1)/ own fieldwork has been confined

to portions of the Deccan plateau
and the adjacent west coast of peninsular
India, an area in which my familiarity
with local dialects and customs has made
detailed investigations of tribal and vil-
lage life possible. One of the first tribal
groups I had a chance to study was the
Ras Phasé Pardhi. These people, who
now live in Maharashtra, originally came
from Gujarat to the north and speak a
dialect of Gujarati. The Pardhi are no-
madic and are accompanied on their
travels by a few scrawny cattle. The men
do some casual labor and are skilled at
stalking and snaring birds and other
small game [see illustration on page

104]. The basic Pardhi occupations to-

day, however, are begging and theft— ANCIENT MICROLITHS have been found by the author in surface deposits at many sites
practiced by men and women alike. The in peninsular India. Carefully produced flakes such as these provided aboriginal hunters
and herdsmen with tools for working bone and wood and for cutting flesh and hides.

Pardhi consider stealing a crime only if
the victim is a fellow tribesman.

Pardhi religious ritual is a mixture of
adopted and aboriginal elements. The
principal object of worship is a silver
plaque of modern manufacture that
bears the image of a Hindu goddess. > d‘-,’ﬁ—#“.‘""'(’"
Nonetheless, the major ritual—a fertil- o P
ity dance—gives every sign of being )
genuinely ancient. The performer is a
male, the head of one of the small bands
into which the tribe is divided. He dress-
es as a woman and is not merely a priest
in the ritual. In his own words, “I am
the goddess.”

Part of the fertility ritual provides
an interesting example of reciprocal ac-
culturation between Hindu and aborig-
ine. The dancer at one point plunges his
hand into a pan of boiling oil, evidently
without ill effect. This kind of ordeal is
apparently an ancient Pardhi custom.
At a Pardhi trial, for example, one proof
of innocence is to walk a fixed number of
steps while carrying a red-hot piece of
iron. The parallel Hindu ordeal—walk-
ing on hot coals—has no sanction in Brah-
man scripture; ordeals are not mentioned
in the earliest Hindu sacred books. In
fact, fire walking apparently did not be-
come a part of Hindu ritual until about
the beginning of the Christian era, when
it was adopted primarily as a means of

B £ o
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TRANSFORMATION from function to ritual is evident in this 2,000-year-old sandstone
ring, the inner face of which is decorated with alternating human figures and plants. Rings
of this kind but without decoration are found at Neolithic sites throughout India; they were
proving innocence in the face of strong  used to weight the digging sticks with which the earliest farmers planted seed. By 200 B.c.,
evidence of guilt. One can scarcely avoid ~ when this example was made, the rings were talismans rather than farmers’ implements.
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AFGHANISTAN
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PENINSULAR INDIA is dominated by its ancient volcanic high- continent’s narrow coastal lowlands and on the north by a wide,
lands, called the Deccan, bordered on the east and west by the sub- rich, densely populated alluvial plain formed by the Ganges River.
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the conjecture that the Hindu ordeal
was adopted from some aboriginal In-
dian rite such as the ones preserved
today in the Pardhi dance and trial.

Another primitive group in the Dec-
can—the Dhangars——are a caste rather
than a tribe. Some of them are farmers;
others specialize in the manufacture of
woolen blankets. At least one Dhangar
family, the Holkars, took up the military
life early in the 18th century and rose
to princely status as the maharajas of
Indore. Today the members of one
Dhangar group follow tribal ways and
earn a living as itinerant herdsmen. Each
Dhangar band numbers about 12 peo-
ple. Leading a flock of perhaps 300
sheep, the band spends the eight dry
months of the year in a round of travel
that rarely covers less than 200 miles and
may range as far as 400 miles.

The women of the band travel the
roads, moving from one preselected
campsite to another and preparing the
meals [sce upper illustration on page
106]. The men herd the grazing sheep
cross-country and leave them in some
farmer’s field at night. The sheep’s over-
night droppings are valuable fertilizer
for which the farmer pays either in cash
or in produce. These payments, together
with small earnings from the sale of
wool, a few skins and occasionally an an-
imal, provide the livelihood of these pas-
toral nomads.

During the four months of the rainy
season the Dhangar herdsmen move
from their farmland pastures to tradi-
tional campsites on the plains that are
dry enough to keep the sheep safe from
the hoof rot they contract on muddy
ground. At these rainy-season camps are
sheep pens, solidly constructed of dry-
stone masonry, that must have been built
in prehistoric times. Some of the richest
deposits of prehistoric stone tools I have
found in India are close to Dhangar
rainy-season camps. The same is true of
many rock engravings that also appear
to be prehistoric.

The stone tools are the tiny blades
called microliths. It is a curious fact that
although the Dhangars do not recognize
the microliths as tools when they see
them, they make and use similar tools
themselves. When a lamb is to be cas-
trated, a Dhangar shepherd takes a nod-
ule of chalcedony and shatters it, using
two other rocks as hammer and anvil
[see lower illustration on page 106]. He
then selects a sharp flake of chalcedony
to use as a castration knife. After the
stone flake is used it is ritually boiled to-
gether with the lamb’s testicles and
thrown away.

One of the traditional rituals in the

SEVEN SISTERS, once possibly a college of priestesses who served an aboriginal mother-
goddess in peninsular India before the invaders of the Deccan introduced worship of a
father-god, are still revered in Maharashtra. This sculpture in their honor stands near the
National Chemical Laboratory in Poona; it has a coating of red lead that symbolizes blood.

Maharashtra region of the Deccan—the
great pilgrimage to Pandharpur—may
have originated in the days when every-
one’s life involved the kind of seasonal
wandering that is still the way of the
Dhangar shepherds. At the very least the
pilgrimage is out of keeping with a set-
tled agricultural way of life. The journey
to Pandharpur can take as long as three
or four months and traditionally begins
at the start of the rainy season. That such
a custom could have arisen in a farm-
ing society seems improbable; the rainy
months are the ones during which the
farmer does the larger part of his pro-
ductive work.

Other seemingly illogical mixtures of
old ways and new are common in pe-
ninsular India. One example I have
observed combines the plow technology
of later times with a much earlier form
of agriculture—the “slash and burn”
method, in which farmland is created
by cutting down and burning the natural
vegetation. When the farmers of Maha-
rashtra grow millet today, they clear
hillsides by the slash-and-burn tech-
nique and plant the crop with the aid of
primitive digging sticks. In the level
valley fields where wheat and rice are
raised, however, the same farmers plow
and fertilize by modern methods.

The most spectacular example of fos-
silized ritual I have encountered is
bagad, or “hook-swinging.” Both the law
and public opinion discourage this prac-
tice in India today, but hook-swinging
posts are still to be found near many
temples throughout the Deccan. Accord-
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ing to historical accounts the ritual re-
quired that a pair of sharp metal hooks
be thrust into a selected victim’s back,
penetrating the flesh just above the hips.
The hooked man was then hoisted clear
of the ground and left to swing, pain-
fully suspended only by the two hooks.
This gruesome rite was conducted on
one special day each year. Foreign ob-
servers could discover no particular rea-
son for it and rather too willingly at-
tributed it to the savagery of the people
who practiced it. None of these people
had told them that to be hook-swung
was a signal honor and a prerogative
jealously guarded by a very few of the
oldest farming families in each district.

Today hooks are still set in living flesh
each year in a few remote villages. I was
recently able to witness such a cere-
mony. I must preserve the anonymity of
both the village and the participants in
the ritual, but I can say that it took place
at the time of the April full moon. In this
village the man to be swung must be se-
lected from among the young married
men of clan X, in spite of the fact that
the village headman, the leading village
families and all the richest farmers are
members of clan Y. This privilege stems
from the fact that the earliest immigrants
in the area were members of clan X,
and that it was they who first heard the
call of the god Mhatoba, in whose honor
the ritual takes place.

In this village the two swinging posts
are set up in a cart that is used only on
this one day of the year. Nowadays the
celebrant’s weight is no longer borne by
the hooks throughout the ceremony. Be-
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tween swings he sits more or less com-
fortably astride a bar suspended from a
crossbeam that is balanced between the
two uprights [see upper illusiration
below]. A new crossbeam is ceremo-
nially cut each year in a jungle some 40
miles from the village; this jungle is said

RITUAL “VICTIM” of the annual hook-swinging bagad ceremony
rests on his perch as he starts off to bless all the farm fields of his
Maharashtra village. Two metal hooks thrust into the small of the

to be the place from which clan X orig-
inally migrated. Relays of specially
chosen villagers carry the beam back to
the village. They are permitted to put
down their burden and rest only at spe-
cific points along the way.

At the outset of the hook-swinging

ceremony candidates for the honor gath-
er with a group of electors under a spe-
cific tree outside the village. After the
celebrant has been chosen the electors
and the candidates return to the village,
running through a sacred course in
groups of three. The man in the middle

back were at one time all that suspended the hook-swinger through-
out the ceremony. To be selected for the swinging ritual is an honor
that is jealously confined to the men of one clan in the village.

RITUAL CART on which the bagad uprights and swinging pole
are mounted stands unused all year long except for this day. Those
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surrounding the cart include the electors, who annually choose a
hook-swinger from among the eligible clan’s young married men.



of each trio is a member of clan X; he is
flanked by men of clan Y. The celebrant
and his two escorts are the last to run
the course. When they have done so, the
celebrant is led to the local temple.
There he is ritually bathed, declared
deva (temporarily divine) and dressed in
a special costume (a red turban and red
silk trousers) that leaves him naked from
the waist up.

The celebrant now goes to the site of
the village’s annual holi (spring festival)
bonfire. He stands on the fire’s ashes as
the village carpenter thrusts the two
steel hooks into the small of his back
[see illustration at right]. Every man in
the village crowds around to watch the
operation. The celebrant is then decked
with garlands and led to a nearby field.
There the bagad cart, drawn by a pair of
bullocks, is waiting. A rope that is at-
tached to each hook is looped behind the
celebrant’s back and tied to the cross-
beam, which rests on the two bagad up-
rights. The celebrant individually blesses
each child born since the last hook-
swinging; when this has been done, he
makes his first swing suspended by the
hooks. A cheer goes up, the god-elect
nimbly climbs astride his resting bar and
the cart jolts off across the fields.

At prescribed points along the route
the cart stops and the celebrant descends
from the bar to make a predetermined
number of swings. After all the village’s
fields have been blessed in this manner,
the procession continues through the
fields of a neighboring village to the
place where the god Mhatoba’s temple
stands. The people have gathered from
miles around. A number of goats are now
sacrificed, the order of their slaughter
being established by the rank of the clan
offering the sacrifice.

When the sacrifices are over, the hook
ropes are untied from the bagad beam
and the god-elect climbs down from his
bar. He enters the temple, the hooks are
removed and his wounds are anointed
with ashes from Mhatoba’s sacred fire.
Once this is done the god-elect reverts
to human status. During the ceremony
I observed, the celebrant was in a state
of exaltation and showed no trace of
pain. Although he received no medical
treatment other than the application of
wood ash, two weeks later the marks on
his back were scarcely visible.

When I asked about this village tradi-
tion, I was told that the form of the hook-
swinging ceremony had originally been
quite different. In the “good old days,”
my informants said, the god-elect from
clan X was killed at the end of the pro-
cession, along with another god-elect
annually chosen from the low-caste clan

HOOK-SWINGER, ritually dressed in silk breeches and garlanded with flowers, is about to
be tied to the swinging pole by means of the ropes attached to the two hooks that dangle
from his back. The author found that hook-swinging was a substitute for human sacrifice.

Z. The two men were beheaded, their
heads were set on stone slabs that are
still in place in front of Mhatoba’s tem-
ple, and Mhatoba’s ceremonial palan-
quin was paraded over the grisly offer-
ings. I was told that the original prac-
tice had been continued until only one
male member of clan Z remained alive.
At that point, it was said, Mhatoba him-
self appeared and declared that life need
no longer be taken. It would suffice, he
said, if on the sacred day the elected
representative of clan Z had his thigh
ceremonially cut and the representative
of clan X was hooked and swung. In fact,
my informants told me, the thigh-cutting
ritual is still followed each year within
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the temple. The representative of clan
Z has his thigh cut at the same time the
hook-swinger descends from his cart.
Like the hook-swinger’s wounds, the
clan Z celebrant’s wound is anointed
with ashes from Mhatoba’s sacred fire.

What are the prehistoric elements in
this bizarre tangle of ritual and tradi-
tion? For that matter, how much of the
supposed tradition is actually credible?
As a start, I see no reason to doubt that
human sacrifices really took place in the
“good old days.” Although human sacri-
fice was eliminated from formal Hindu
ritual before the sixth century B.c., the
custom continued in many parts of India
until recently. To judge by today’s police



record of ritual murders, human sacrifice
is still practiced among a number of trib-
al peoples.

As recently as the 1780’s the Brahman
rulers of Poona, wishing to ensure the
impregnability of Lohogad Fort, saw to
it that a young married couple was bur-
ied alive under the fort’s foundations.
An unmarried man was similarly sacri-
ficed by the Moslem builders of Chakan
Fort; a cult in his honor survives to this
day. Not all the victims of human sacri-
fice went unwillingly to their death.
Evidence is provided by the barber caste
of Kurkumbh, which is proud to hold
first place in worship at the shrine of the
goddess Phirangai. The barbers priority
is traditionally based on a feat performed
by a member of the caste who had been
given the task of escorting the goddess
to Kurkumbh from her former residence
some 200 miles away. The goddess
agreed to make the move, with the usual
kind of fairy-tale provision that she
would travel no farther than the first
place at which her escort turned his
head and looked behind him. The barber
resisted temptation all the way, staring
fixedly before him until he reached Kur-
kumbh. On his triumphant arrival he
volunteered on the spot to make a sacri-
fice of his unturned head.

l&ssuming that the account of Mhato-

ba’s original bloody rites is authen-
tic, how are these rites related to the pre-
history of peninsular India? An answer
to this question requires an examination

MEGALITHIC MONUMENT, erected by prehistoric inhabitants of
the Deccan, has become the center of a modern cult. The object of
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of the deity’s history. Mhatoba is a god
to whom tradition assigns two distinct
places of origin. One is the same jungle,
40 miles from his present temple, from
which his worshipers procure the bagad
crossbeam each year. Here Mhatoba has
a second temple. It stands on a hillock,
at the base of which I have found a fair
number of crude microliths; the presence
of these stone tools is good evidence that
the area supported a prehistoric popula-
tion. At this place of worship Mhatoba
is called Bapuji-Baba, or “Father-God,”
and it is dangerous for any woman to ap-
proach him.

Mhatoba’s other place of origin is
about the same distance from the hook-
swingers’ village but in a different direc-
tion. The site is unmarked, but tradition
states that at this place the deity first
appeared and immediately made his
presence known by kidnaping seven vir-
gin sisters. Mhatoba thereupon traveled
cross-country to the vicinity of the hook-
swingers’ village, where he paused by a
pool in the river. There, for no known
reason, he drowned all seven sisters.
When a passing member of the Koli tribe
ventured to criticize Mhatoba’s behav-
ior, the god drowned him as well. Near
the pool today there is a shrine to the
seven sisters and the unfortunate Koli.
The pool itself is considered cursed. No
one bathes there, nor is its water used
for farm animals. Within the shrine the
crude representations of the seven sisters
are coated with red lead, which is com-
monly used by Indian villagers as a sub-
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stitute for the blood of sacrificial animals
[see illustration on page 109]. 1 have
found surface deposits of microliths
nearby, as I did at the temple where
Mhatoba is known as Bapuji-Baba.

In spite of his murder of the kidnaped
maidens, Mhatoba is known in one as-
pect as a “married” god. Next to his
statue in the hook-swingers’ temple
stands a statue of a goddess named Jogu-
bai. The hilltop Mhatoba, with his repu-
tation for being dangerous to women,
has no such consort. Why should the god
be single in one aspect and married in
the other? To find the answer I under-
took a survey of all the district’s temples.
I quickly learned that the goddess Jogu-
bai, like Mhatoba, was worshiped in sev-
eral places, although there was no tra-
dition that she had come to the district
from some other region. I also encoun-
tered several more Mhatobas. In many
places Mhatoba and Jogubai were “mar-
ried,” as they are at the hook-swingers’
temple. In other places, however, either
the god or the goddess was worshiped
alone, and the local worshipers knew
nothing about Mhatoba or Jogubai be-
ing “married” elsewhere.

It is my belief that Mhatoba and Jogu-
bai are a pair of deities who originally
belonged to two different population
groups and quite probably to different
eras of prehistory as well. As I inter-
pret the evidence, Mhatoba was at first
an aggressively male god of the kind who
was worshiped by the Gavalis, a late
wave of pastoral invaders who entered

MR S
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veneration is an unhewn stone, called Manzrai, or “Cat Mother,”
that lies under one of the boulders in the middle of the pile.



Is SciENTIFIC AMERICAN’S
1sT INTERNATIONAL
ParEr AIRPLANE COMPETITION

UNFAIR TO JET AIRCRAFT?

SCIENTIFIC AMERICAN
asks: Can It Be There’s
A Paper Plane Which Makes
The SST 30 Years Obsolete?
What’s more, its First Inter-
national Paper Airplane Com-
petition has the whole coun-
try folding paper to improve
the designs for the new SST
airplane which will soon be
a building.

FIG. 1: Paper plane circa 1920, the
classic paper plane. Smoothness of
flight, grace, but under-powered.

—N

FIG. 2: First developed among paper
airplane designers in the 1930’s. Still
under-powered—no jet engines
available.

We say Shame On You
Scientific American.

Everyone knows that no
matter what SHAPE it is,
an SST can’t zoom without
super supersonic gas-turbine
engines. (A glider it is not.)
Granted that there has been
relatively little basic research

FIG. 3: Drawn from memory, this
plane was last seen in 12th floor
stairwell at 415 Madison Ave.
Four jet engines would have
materially improved its

performance.

done in paper plane shapes.
But this is not so when it comes
to research and development
of investment castings that
help advanced aircraft ad-
vance. And who has come up
with the know-how in invest-
ment castings, including tita-
nium, that makes these super
supersonic engines possible?
Howmet, that’s who.

That classic paper plane of
1920 doesn’t mean a thing

HOWMET

KNOW HOW
IN METALS

without the power to get it off
the ground. Howmet’s integ-
rally-cast components of high
temperature superalloys make
it possible to get more thrust
by running the engines at
higher and higher tempera-
tures. (See Fig. 4.)

FIG. 4: Typical Howmet castings in
high temperature superalloys for
jet turbines.

Go on and soar with your
paper airplanes, Scientific
American. If you come up
with a design that makes the
SST shape obsolete, you know
who to come to for the intri-
cate investment castings to
make it the greatest jet yet.
Howmet Corporation, 277
Park Ave.,, New York, N.Y.
10017.
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GODDESS’S SHELTER is the dark hollow (right) under one stone of a prehistoric mega-
lithic monument near Poona. The deity, whose worship only began in the 18th century, is a
huntress named Bolhai. The deep circle cut into the boulder is 12 inches in diameter, a size
characteristic of most of the circles that decorate the megalithic monuments of the Deccan.
It was probably outlined with a hand, the thumb and little finger acting as a compass.

the Deccan from northern India. These
people herded cattle but did not use the
plow. They reached Raichur in the mid-
dle of the Deccan plateau by about 2000
B.C.; recently obtained carbon-14 dates
indicate that they were still practicing
their pastoral way of life as late as 1000
B.c. The preceding wave of pastoral in-
vaders from the north herded sheep and
goats; therefore the skins they used for
various purposes were the comparatively
thin sheepskin and goatskin. The Gavalis
had to work with thick cattle hides, and
accordingly their microlithic tools were
somewhat heavier and coarser. This dif-
ference is evident in the microliths found
near the Bapuji-Baba temple.

Jogubai, on the other hand, is the
kind of mother-goddess I associate with
the earliest inhabitants of the Deccan:
the primitive food-gatherers. These are
the same people who with enormous ef-
fort erected all over peninsular India
hundreds of megalithic monuments con-
sisting of large piles of boulders. After
they had piled the boulders together
they also marked them with deep
grooves. It is an interesting coincidence
that wherever a modern cult is associat-
ed with one of these ancient megalithic
monuments it is almost without excep-
tion a mother-goddess cult.

f it is correct to assume that the mother-
goddess was first in the area and that
the father-god was a pastoralist intruder,
how do the traditions of the hook-swing-
ers’ village fit such a sequence? In their
temple goddess and god are joined in
“marriage”; I take this to be symbolic
of a situation in which conflict between
food-gatherer and pastoralist was re-
solved by peaceful fusion. The virgins

14

drowned by Mhatoba might represent a
sacred college of priestesses dedicated to
the worship of the mother-goddess. The
fact that Mhatoba is now married to
Jogubai shows that even the destruction
of her priestesses was not enough to sup-
press her worship.

The conflict between mother-goddess
and father-god could not have been re-
solved peaceably everywhere. Through-
out Indian theological art, from the ear-
liest representation of a horned “proto-
Shiva” on Harappan seals of the third
millennium B.c. to gaudy pictures sold
in Indian bazaars today, runs a theme of
conflict between a female deity and a
“buffalo demon,” in which the goddess
is the victor. In Kalighat paintings, for
example, Shiva’s wife Parvati tramples
him. The goddess Durga-Parvati is
called “she who tramples the buffalo
demon.”

In this connection Jogubai appears in
another temple in the district not in the
role of consort to Mhatoba but as con-
sort to the more primitive male deity
Maskoba, who 1is recognized as the
counterpart of the buffalo demon. Just as
the union of Jogubai and Mhatoba in the
hook-swingers’ temple can be taken to
symbolize conflict resolved, so perhaps
this marriage to the buffalo demon sym-
bolizes conflict perpetuated. This much
is certain: The prehistoric fusion of two
distinctly different societies has left
marks that remain to this day. Indeed,
in some parts of the countryside both
the buffalo demon and the goddess who
tramples him are worshiped by the same
believers but in separate shrines.

Two points, however, should be made
clear. First, although instances of god-
dess-worship are still to be found all
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CIRCULAR GROOVE decorates the flat
surface of a basalt boulder that is part of
another ancient megalithic monument in the
vicinity of Poona. This circle is the same size
as the one shown in the illustration at left.

over India, there is no reason to believe
the country’s prehistoric food-gatherers
were worshipers of a universal mother-
goddess. To attribute any universal cus-
tom to primitive and segregated peoples
is obviously hazardous. Second, it is
important to emphasize that even when
some ancient monument is found to be
a center of goddess-worship today, there
is little possibility that the modern cult
represents a survival from prehistory.
The early food-gatherers had no fixed
abode and the early pastoralists were
constantly on the move; accordingly any
continuity of worship at a single site is
implausible.

Nonetheless, coincidence can some-
times achieve what piety cannot. At the
village of Theur the goddess of child-
birth is worshiped at a megalithic monu-
ment that stands on the summit of a pre-
historic mound. This goddess—Satvai, or
“Mother Sixth”—takes her name from the
fact that sacrifices are made to her on the
sixth day after the birth of a child. The
boulders that compose the monument at
Theur are of a stone so hard that it will
turn the edge of a modern mason’s chisel.
Yet every one of them bears smooth
grooves with a semicircular cross section,
some over an inch in depth, that were
evidently produced by patient rubbing
in prehistoric times. Prominent among
the grooved designs is a representation of
a cowrie shell, the traditional symbol of
the female. It appears certain that the
deity worshiped at the Theur mound
thousands of years ago was a goddess,
just as the deity is today. Here, with the
Pardhi snarers, the Dhangar shepherds
and the hook-swinging devotees of Mha-
toba, is further evidence that the prehis-
tory of India is still alive.
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MATHEMATICAL GAMES

Mathematical strategies

for two-person contests

by Martin Gardner

r I Yhe word “games” in the title of this
department has a broad meaning
synonymous with “recreations,”

but from time to time the monthly topic
has been games in the narrower sense of
actual contests between players. This
month we consider a variety of two-
person games, some old and some new,
for which mathematical strategies are
known. First, here is a trio of simple
games that are related to each other in an
amusing and surprising way.

1. Nine playing cards, with values
from ace to nine, are face up on the
table. Players take turns picking a card.
The first to obtain three cards that add
to 15 is the winner.

2. On the road map at the bottom of
the opposite page players take turns
eliminating one of the nine numbered
highways. This is done by coloring the
complete length of the road, even though
it may go through one or two towns (cir-
cles). Pencils of two different colors are

used to distinguish the moves of the two
players. The first to color three high-
ways that enter the same town is the
winner. (The Dutch psychologist John
A. Michon, who invented this game,
calls it “Jam” because those are his ini-
tials and because the object of the game
is to jam crossings by blocking high-
ways.)

3. Each of the following words is
printed on a card: HOT, HEAR, TIED,
FORM, WASP, BRIM, TANK, SHIP, WOES.
The nine cards are placed face up on
the table. Players take turns removing
a card. The first to hold three cards that
bear the same letter is the winner. (The
Canadian mathematician Leo Moser,
who devised this game, calls it “Hot.”)

For each game the question is: If
both players make their best moves, is
the game a win for the first player, a
win for the second player or a draw?
Perhaps the reader has already expe-
rienced what the Gestalt psychologists
call “closure” and recognized that all
three games are isomorphic with tick-
tacktoe!

It is easy to see that this is the case.
For the first game we make a list of all

Graph of Jam map (left) and its ticktacktoe “dual” (right)

116
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the triplets of distinct digits from 1 to 9
that have a sum of 15. There are exactly
nine such triplets. They can be inter-
locked on a ticktacktoe board as shown
at the top of the opposite page to form
the familiar order-3 magic square on
which every row, column and main di-
agonal is one of the triplets. Each
numbered card drawn by a player cor-
responds to a ticktacktoe play on the
cell of the magic square that bears that
digit. Each set of triplets that wins in
the card game corresponds to a winning
ticktacktoe row on the magic square.
Anyone who can play a perfect game of
ticktacktoe and who also memorizes the
magic square can immediately play a
perfect game in this card version.

The map at the bottom of the oppo-
site page is topologically equivalent to
the symmetrical graph shown at the left
in the illustration on this page. This is in
turn the “dual” of the graph obtained by
connecting the centers of the nine cells
of a ticktacktoe board as shown at the
right in the illustration. Each numbered
cell of the magic square corresponds to
a numbered highway on the map and
each town on the map corresponds to a
row, column or main diagonal on the
magic square. As before, there is an
equivalence relation between plays on
the map and plays in ticktacktoe.

The isomorphism of Moser’s word
game and ticktacktoe becomes obvious
when the nine words are wiitten inside
the cells of a ticktacktoe matrix as
shown at the top of page 118. Each
set of three-in-a-row words has a com-
mon letter, and there are no such sets
other than the nine displayed in this
way. Again, memorizing the square of
words instantly enables a perfect-game
ticktacktoe player to play a perfect
game of Hot. Since ticktacktoe played
rationally is always a draw, the same is
true of the three equivalent games, al-
though the first player naturally has a
strong advantage over a second player
who is not aware that he is playing dis-
guised ticktacktoe or who may not play
a perfect game of ticktacktoe.

One who grasps the essential identity
of the three games will have obtained a
valuable insight; mathematics abounds
with “games” that seem to have little in
common and yet are merely two differ-
ent sets of symbols and rules for playing
the same game. Geometry and algebra,
for example, are two ways of playing
exactly the same game, as Descartes’s
great discovery of analytic geometry
shows.

There are many games of the “take
away” type in which players alternately



take away an element or subset from a
set, the winner being the person who
acquires the last element. The best-
known game of this kind is nim, played
with a set of counters arranged in an ar-
bitrary number of rows, with an arbi-
trary number of counters in each row.
On his turn a player may take as many
counters as he wishes, provided that
they all come from the same row. The
person who takes the last counter wins.
A perfect strategy is easily formulated
in the binary system, as explained in
The Scientific American Book of Mathe-
matical Puzzles & Diversions.

A starting pattern for nim, as it was
played throughout the 1962 French
movie Last Year at Marienbad, is shown
at the bottom of the next page. Sixteen
cards are arranged in four rows of one,
three, five and seven cards. (The trian-
gular pattern symbolizes the triangular
love game played in the picture.) To
determine whether the first or the sec-
ond player can win we write the num-
bers of cards in each row in the binary
system, then add the columns:

1 1
3 11
5 101
711

224

If the sum of every column is an even
number (or zero if the addition is made
modulo 2), as in this case, the pattern is
called “safe.” This means that the first
player is certain to lose against an ex-
pert, for regardless of how he plays
he will leave an “unsafe” pattern (one
with at least one column that has an odd
sum), and the second player can con-
vert this to another safe position on his
next move. By always playing to leave a
safe pattern he is sure to get the last
counter.

Michel Hénon, a mathematician at
the Centre National de la Recherche
Scientifique in Paris, recently thought
of a delightful nim variant, played with
scissors and pieces of string. It is best
approached, however, by first explain-
ing an older variant of nim called kayles,
to which the string game is closely
linked.

Kayles was invented by the English
puzzle expert Henry Ernest Dudeney,
who introduced it in Problem 73 of his
first book, The Canterbury Puzzles
(1907). It is now called kayles because
Dudeney presented it as a problem that
might have arisen in playing a popular
14th-century game of that name in
which a ball was rolled at wooden pins

standing side by side. The ball’s size was
such that it could knock over either a
single pin or two touching pins. Math-
ematical kayles is best played on the
table with coins, cards or other objects
simply by arranging them in an arbitrary
number of rows, exactly as in nim, with
an arbitrary number of objects in each
row. Now, however, we must think of
each row as a linked chain. One may re-
move one link or two adjacent links. If
the object or pair of objects is taken from
inside a chain, it breaks the chain into
two separate chains. For instance, if the
first player takes the center card from
the bottom row of the Marienbad pat-
tern, it breaks the seven cards into two
separate chains of three links each. In
this way the number of chains is likely
to increase as the game continues.
Kayles also lends itself to binary anal-
ysis, but not as directly as nim. For ev-
ery chain we associate a binary number,

2 9 4
7 5 3
6 1 3

Ticktacktoe version of card game

but that number (except for the three
smallest cases) is not the same as the
decimal number of the cards in the
chain. The chart shown at the bottom
of page 119, supplied by Hénon, gives
the required binary number, here called
the k number, for integers 1 through 70.
After 70 a curious periodicity of 12 num-

Map for the game of Jam
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HOT FORM ! WOES
TANK HEAR WASP
TIED | BRIM SHIP

Key to the game of Hot

bers sets in. If the number is above 70,
divide it by 12, note the remainder, then
use the chart at the bottom right of the il-
lustration. To decide if a kayles pattern
is safe or unsafe, one uses k numbers like
the nim binary numbers.

Consider the Marienbad starting po-
sition, which is safe in nim and there-
fore a win for the second player. Is it

also safe in kayles? Using k numbers we
find:

1 1
3 11
5 100
7 10

122

The sums are not all even, so the po-
sition is unsafe in kayles. Only one move
by the first player will create a safe pat-
tern, thereby ensuring a win. Can the
reader discover it?

The derivation of the k numbers is
too complicated to explain here. The in-
terested reader will find it detailed by
R. K. Guy and C. A. B. Smith in Pro-
ceedings of the Cambridge Philosophical
Society, Vol. 52, 1956, pages 516-526,

and by Thomas H. O’Beirne in Puz-
zles and Paradoxes, Oxford University
Press, 1965, pages 165-167. Note that
no k number has more than four digits.
As a result there are 16 different four-
term combinations of odd and even that
can occur as column sums, only one of
which is even-even-even-even. As Hé-
non points out, this enables us to con-
clude, with a high degree of accuracy,
that if a kayles starting position is chosen
at random from all possible patterns, the
probability is extremely close to 1/16
that it will be safe.

There are helpful rules that a kayles
player can follow without having to an-
alyze each pattern. Two equal chains
are safe because whatever your oppo-
nent does to one you can do exactly
the same to the other. For example, if the
two chains are 5 and 5 and he takes the
second card in one, you take the second
in the other. This leaves chains of 1, 1,
3, 3. If he takes two cards from a 3-
chain, you take two from its twin. If he
takes a l-card chain, you take the oth-
er. It follows that if the starting position
is one single chain, the first player has
an easy win. If the chain has one or two
cards, he takes them. If it has more than
two cards, he takes one or two from the
center to leave two equal chains and
then continues as explained. If a pat-
tern has an even number of equal pairs
of chains, the position is clearly safe,
since whatever the first player does to
one chain the second player does to that
chain’s twin.

It is also good to remember the fol-
lowing safe patterns for two or three

Marienbad starting pattern for nim or kayles

118
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chains with no more than nine cards in
each. The safe doublets (aside from
two equal chains, which are always
safe) are 1-4, 1-8, 2-7, 3-6, 4-8 and
5-9. Safe triplets can be calculated in
the head by memorizing the following
three groups: 1, 4, 8; 2, 7 and 3, 6. Any
triplet made up of one digit from each
group is safe.

Let us turn now to Hénon’s two-
person string game. We are given an ar-
bitrary number of pieces of string of arbi-
trary lengths. Players take turns cutting
a one-inch segment from any piece of
string. The segment can be cut from the
end or it can be cut, with two snips,
from the interior. In the second case it
will leave two pieces of string where
there was one before. A one-inch piece
can, of course, be taken without any
snipping. The person who gets the last
one-inch piece wins.

String lengths need not be rational.
In the top illustration on the opposite
page a game begins with four strings
of lengths 1, pi, the square root of 30 and
the square root of 50. Who has the win
if both sides play rationally? This seems
at first an enormously difficult question,
but with the proper insight it is absurdly
easy. To work on the problem rule four
straight lines of about the required
lengths. As each one-inch segment is
erased the remaining lines are labeled
with correct lengths.

The game can also be played with
closed loops of string. Suppose it begins
with seven such loops, each with a
length greater than two inches. Without
knowing any of the actual lengths,
which player has the win? Approached
in the right way, this is even easier to
answer than the previous question.

Our final game, called the “game of
the hamstrung squad car,” is taken from
Rufus Isaacs’ book Differential Games
(Wiley, 1965). Devotees of recreation-
al mathematics may recall that Isaacs
provided the excellent illustrations for
the late James R. Newman’s popular
Mathematics and the Imagination, but
among mathematicians Isaacs is best
known as an operations-research ex-
pert. He is now at the Center for Naval
Analyses in Washington. Last year his
book shared the Lanchester Prize, giv-
en annually by the Operations Research
Society of America for outstanding con-
tributions in the field. The book is filled
with original methods of solving difficult
conflict games of the kind often en-
countered in military situations, partic-
ularly games that have to do with pur-
suit and capture. Some of these games
are discussed in simpler, discrete ver-



sions that have great recreational inter-
est.

One of the book’s key games, com-
pletely solved by Isaacs, is what he calls
the “homicidal-chauffeur game.” Imag-
ine a homicidal chauffeur at the wheel
of a car he is driving on an infinite
plane. He moves at a fixed speed. He
can shift the position of his steering
wheel instantaneously, but the degree
to which he can turn the front wheels is
limited. Also on the infinite plane is a
lone pedestrian. He can move in any di-
rection at any instant. His speed too is
constant, but less than the car’s speed.
Under what conditions can the car (as-
sumed to be a positive area surrounding
the driver) always catch (touch) the
pedestrian? Under what conditions can
the pedestrian escape permanently?
How can the pursuer minimize the time
it takes to run down his quarry when
this is possible?

Fortunately we shall not be con-
cerned with these difficult questions
but with the simpler and somewhat simi-
lar game Isaacs calls the “hamstrung
squad car.” Imagine a city of infinite ex-
tent, with streets that form a regular
square lattice. A squad car is at one in-
tersection. At another is a carful of
criminals. The squad car moves twice as
fast as the criminals’ car but is ham-
strung by having to observe municipal
traffic rules that prohibit left turns and
U-turns, so that it can only go straight
ahead or turn right at each intersection;
the criminals’ car does not observe
these restrictions, so that at each inter-
section it can move in any of the four di-
rections.

For the quantized game, intersec-
tions are replaced by the squares of an
infinite checkerboard. The squad car is
a counter with a vector arrow painted
on it to indicate the direction in which it
is moving. The criminals’™ car is an un-
marked counter. Players take turns, the
squad car making the first move. All
moves are like rook moves in chess: up,
down, left or right but never diagonally.
The criminals move one square at a
time. The squad car moves two squares,
always in a straight line, either in the di-
rection it has been traveling or after
making a right turn. (It cannot go one
square, turn right and then go another.)
It “captures” the criminals if it lands on
the square occupied by them or on a
square that is adjacent orthogonally or
diagonally.

These rules are illustrated on the
next page. The squad car can move to
squares A or B on its first move. From A
it can then move to C or D; from B, to £
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Hénon’s string game

or F. After each move it should be
turned (if necessary) so that its arrow
shows the direction in which it was last
moving. The criminals can move to
squares W, X, Y or Z. If the squad car
were on F and the criminals were on
the same square or on any of the eight

NUMBER NUMBER
IN ROW | KNUMBER | IN ROW
1 1 [ 31
2 10 ' 32
3 1" [ =
4 1 [ 34
5 00| 35
6 1" 36
7 10 ' 37
8 1 ‘ 38
9 100 ' 39
10 10 ' 4
1 ' 110 ' 41
12 L 100 ‘ 42
3 1 23
14 10 44
15 m 45
16 1 4
17 100 47
18 1 48
19 10 49
20 1 50
o1 100 ' 51
22 10 ' 52
23 i ' 53
2 100 54
25 1 55
2% 10 56
07 000 | 57
28 101 ' 58
29 100 59
30 1 60

shaded squares surrounding it, they
would be considered caught.

From what starting positions can the
criminals be captured? Isaacs shows that
surrounding the squad car’s initial
square there is an asymmetrical, com-
pact area of exactly 69 squares each

Binary k numbers for playing kayles
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NUMBER
K NUMBER | IN ROW | K NUMBER
10 ' 61 1
1 [ e ' 10
000 | 63 1000
10 64 1
1 65
100 | & 1
1 ' 67 10
10 | s 1
1 ' 69 T 1000
1 [ 0
00 |
m |
10
1
1000
10
"1 NUMBERS OVER 70
100 'REMAINDER | K NUMBER
1 | 0 100
10 ' : 1
1000 2 10
1 3 1000
100 1
m ' 5 100
10 \ 6 ' 11
1 7 10
100 1
10 9 1000
m 10 10
w00 | m
119
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Isaacs’ “hamstrung squad car” game

of which is a fatal starting spot for the
criminals. If they start on any square
outside this area they can (assuming an
unbounded board) always escape per-
manently.

The reader is urged to draw a large
checkerboard of, say, 50 squares by 50
(or find a room with a suitable floor pat-
tern), choose a starting position near
the center for the squad car and see if
he can identify the 69 fatal squares. Un-
til the game is fully analyzed it can
provide much amusement. The player
moving the criminals’ car can choose his
starting spot and then see if he can win
by reaching the border before he is
caught. Playing the game long enough
will eventually outline the fatal area,
but there is a simpler way by which it
can be delineated quickly and each of
its squares given a number indicating
the number of squad car moves re-
quired for the capture if both sides play
rationally.

For readers not inclined to make a
complete analysis here is a simpler
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problem. Assume that the squad car
starts from the position shown in the il-
lustration. The criminals may start from
any of the 10 starred squares. From all
but one of these starred positions they
can escape permanently. Which is the
fatal starred square, and in how many
moves will the criminals be caught if
they start from that square and both
sides make their best moves? These and
the other questions will be answered in
the next issue.

The acrostic sonnet given last month

is by Edgal Allan Poe. He called it
“An Enigma.” The lady’s name, Sarah
Anna Lewis, is read by taking the first
letter of the first line, the second letter
of the second line and so on through the
14 lines. The poem is not so well known
as Poe’s other acrostic, “A Valentine,” in
which another lady’s name is similarly
concealed. In J. A. Lindon’s poem the
first line is repeated not only by the first
words of the eight lines but also by the
nth words of the nth lines.
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Conducted by C. L. Stong

few of the many amateurs who

_z s made the helium-neon laser de-
scribed in this department in Sep-
tember, 1964, and December, 1965,
have now taken up holography: the pho-
tographic technique of recording light
waves in mid-flight and in effect recon-
structing them later so that they continue
onward unchanged. If the recorded
waves are reflected by an object, the
reconstructed waves enable an observer
to see the object in three dimensions, as
though he were viewing it through a
window. The reconstructed scene ap-

How to make holograms and experiment

with them or with ready-made holograms

pears in three dimensions, with full per-
spective and all the effects of parallax.
For example, background details that
may be obscured behind a feature in the
foreground can be brought into view
simply by moving the head to one side
or the other. Similarly, the eyes must be
refocused when attention is shifted from
objects in the foreground to those in the
background [see “Photography by La-
ser,” by Emmet N. Leith and Juris Upat-
nieks; SCIENTIFIC AMERICAN, June,
1965].

It is now possible for amateurs to buy
a hologram and to perform some inter-
esting experiments with it, a subject to
which we shall return. Sylvain M. Heu-
mann of South San Francisco, Calif., is
one of those who do their own holog-
raphy. Discussing both the principles
and the procedures he uses for making
holograms at home, Heumann writes:

Reconstruction of entire hologram at top of opposite page
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“In principle holograms should be easy
to make. In practice they are not.

“The object to be recorded is placed
on a solid platform and flooded with
light from a laser. Light reflected by the
object falls on a photographic plate that
faces the object. The plate is simulta-
neously flooded by a second set of rays,
called the reference beam, that is re-
flected by a mirror. The reference waves
travel on a path that bypasses the ob-
ject. After adequate exposure the plate
is developed.

“No lens is used to form an image,
and no image appears on the completed
plate. Instead the emulsion records an
abstract pattern of fine lines and whorls
that may be roughly likened to a thumb-
print. If rays of colored light are now
directed through the hologram along the
path of the reference beam, a new set of
rays emerges from the back of the holo-
gram. The new waves are in every re-
spect identical with those that were re-
flected by the object. A viewer who sees
them for the first time is likely to think
he is being tricked, because the object
looks so real.

“If the exposure were made with or-
dinary light, the photographic plate
would merely blacken. Every part of the
plate receives light from every point on
the object and from the mirror. Laser
light, however, is coherent: the waves
are identical in length, and they proceed
in step. At some points on the photo-
graphic plate the crests of waves reflect-
ed by the object coincide with the crests
of waves in the reference beam. The two
waves reinforce each other and expose
the photographic emulsion at that point.
At other places the crests of waves re-
flected by the object coincide with the
valleys of waves in the reference beam.
They cancel, so that the plate receives
less exposure. Such interference effects
vary at all points on the plate, depending
on the shape and surface texture of the
object.

“The pattern of fine lines in a holo-
gram has the property of diffracting, or
bending, light rays. The diffraction is
greater with close spacing than with



Hologram made with a laser built by an amateur

Perspectives obtained by reconstructing corresponding segments of the hologram
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100 K sw h{gh-vo\taé@ vectifier narrow spacing. Advantage is taken of
C

W this effect in the hologram to reconstruct

Alternate rectifi . . the light waves that were reflected by
ifier circuit the object. Rays that enter the hologram

connects at a, b, c and d. from the same direction as the reference
beam are bent and scattered precisely
enough to match those that were reflect-
________________ ed by the object. In effect they duplicate
— . .
150 K ! the object rays. The light used for recon-
structing the object rays should be co-
herent, but remarkable realism can be
_!__ N achieved with ordinary colored light
25 mfd emitted from a pinhole source.

’Fo Kvl “The structure of the hologram in-

volves dimensions that are determined
I~ by the wavelength of light and the angle
| made between the object beam and the
motor ) reference beam. Normally the plate must
record many thousands of lines per inch,
a resolving power that greatly exceeds
that of ordinary photographic plates. In-
deed, the ultrafine structure of the pat-

7 —y ter.n expl.ail.ls ‘w.hy the hologram ?-a'n l"('i-

\':é’*}i brass slip r;ng cord more information than an 01.d1na1y
By | photograph. It also helps to explain why
| Lie steel P ivotl holograms are difficult to make at home.
; During exposure the photographic plate
‘/7') ﬂ.J must remain motionless with respect to
O, H the relative positions of the mirror and
brass bushing the object. Any relative movement be-
tween the three in excess of a few mil-
Duco cement lionths of an inch causes the lines to blur;
hence the quality of the reconstructed
a waves will be seriously degraded.
010" brass arm> “For best results the photographic
e i 9000V a.c. plate must be capable of recording about
~ 60,000 lines per inch. Emulsions capable
of this high resolution are comparatively
insensitive. Those I use are rated at an
ASA speed of only .003, in contrast with
ordinary black and white film, which is
rated from 400 up. The problems of
making holograms, then, consist in de-
vising rigid structures for supporting
the apparatus, insulating the apparatus
against vibration and maximizing the
available light to minimize the exposure
interval.

“The first requirement for making hol-
ograms is a laser. Mine was built at
home. The apparatus described pre-
viously in this department will work
splendidly if it is modified to develop
somewhat more power and to generate

light waves of a single frequency. The
CIQCtrOdes cut oﬁtput power can begincrea(ied sgbstan-
trom %“ aluminum tially by operating the laser on direct
current, a requirement that is simple to
meet. A string of two or more silicon
rectifiers, such as type CR210, can be
connected in one lead of the neon-sign
transformer as indicated by the accom-

neon-sign transformer 9,000 v, .o18 amp. shiel$ to laser

72" Lucite
shaft

-
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2-mm.
clearance

scale of details

: ] C o . ;
° R R 3 panying illustration [top of this page].
Pl e inches B Tt Tent i
The resulting unidirectional current is
The synchronous-switch rectifier smoothed by connecting a capacitor
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across the output of the rectifiers. The
circuit must also include two resistors,
one for limiting the current in the recti-
fiers and the second to compensate for
the negative resistance of the laser tube.
High-voltage rectifiers are expensive.
The experimenter who has more time
than money can substitute a synchronous
rotary switch.

“The switch consists of an insulating
shaft that carries two switch arms spaced
180 degrees apart. Each arm passes close
to but does not touch an opposing pair
of semicircular electrodes [see bottom
illustration on opposite page]. In the case
of 60-cycle operation the switch arm
rotates synchronously at 3,600 revolu-
tions per minute. It is driven by a Bar-
ber-Coleman synchronous motor, type
KYAJ622-328. The motor is available
from the Edmund Scientific Co., 101
East Gloucester Pike, Barrington, N.J.
08007. The base of the switch and the
supports for the electrodes can be made
of Lucite or any comparable insulating
material.

“Alternating current is connected to
the switch arms through brushes made
of brass shim stock that ride on brass
slip rings. The slip rings make a snug
fit with the shaft. Other essential me-
chanical details are evident in the illus-
tration. The inner diameter of the semi-
circular electrodes must be at least two
inches, and opposing electrodes must be
spaced at least three-quarters of an inch
apart. All the other dimensions can differ
from those shown.

“When the synchronous switch is in
operation, the blades must stand mid-
way between the opposing semicircular
electrodes at the beginning of each cycle.
They must complete half of a revolution
at the end of each alternation of current.
In other words, the switch must operate
in phase with the alternating current.

“To set the switch arms in phase, con-
nect one output lead of the neon-sign
transformer to the brush of one switch
arm and connect the other output lead
of the transformer to one of the semi-
circular electrodes. Apply power to the
neon-sign transformer from a variable-
voltage transformer, such as a Variac.
Connect the motor to the power line.
When the motor comes up to full speed
and is running synchronously, gradually
apply power to the neon-sign transform-
er and observe the gap between the
switch arm and the electrode. When the
voltage has been increased sufficiently,
sparks will bridge the gap.

“Note the point on the semicircu-
lar gap where the sparks first appear.
Perhaps they will begin approximately
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mirroy
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Optical train for making holograms

halfway around the electrode. If so, shut
off the power, stop the motor and rotate
the switch arm 90 degrees on its shaft.
Reenergize the apparatus and again ob-
serve the gap. Doubtless the sparks will
now fill the entire arc of the semicircu-
lar electrode. Should the sparks originate
at greater or lesser angles around the
semicircular electrode, adjust the angu-
lar position of the switch arm on its shaft
by an appropriate amount.

“After the switch arm has been posi-
tioned so that the sparks fill the complete
arc of the electrode, fix it to the shaft
with a dab of quick-drying cement. Then
rotate the remaining switch arm 180 de-
grees from this position and similarly
cement it to the shaft. Adjacent semi-
circular electrodes are interconnected.
When an alternating-current source is
connected to the rotating switch arms,
unidirectional current can be drawn
from leads connected to opposing semi-
circular electrodes.

“The switch functions as a full-wave
rectifier and can replace the costly di-
odes. The switch requires no current-
limiting resistor. A capacitor of about
.25 microfarad should be connected
across the output of the switch, how-
ever, and a resistor must be inserted in
one lead between the capacitor and the
laser to compensate for the negative re-
sistance of the laser tube.

“Conduction between the switch arms
and the semicircular electrodes is estab-
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lished through the spark. For this reason
the switch unfortunately acts as a copi-
ous generator of electromagnetic noise
at frequencies close to all television
channels. In order to prevent the radia-
tion of this noise, the switch, the neon-
sign transformer, the capacitor and the
resistor must be installed in a grounded
metal cabinet.

“In some cases it may also be neces-
sary to insert choke coils and bypass
capacitors in the alternating-current
power line and the direct-current output
leads. The choke coils and bypass ca-
pacitors should be potted in grounded
metal containers and installed in the
cabinet. The cost of the complete syn-
chronous rectifier should not exceed $20.
Warning: The high voltage is lethal
Handle it accordingly.

“To make certain that the laser will
generate coherent light of a single fre-
quency (that it will operate in the so-
called TEM,, mode), the resonator
should consist of one mirror of spherical
figure and one flat mirror. The flat mir-
ror can be bought from Henry Prescott,
116 Main Street, Northfield, Mass.
02118. The laser described previously
in this department was equipped with a
pair of mirrors of spherical figure. Either
one of these can be replaced with the
flat mirror.

“To make the modification, align the
two spherical mirrors so that the laser
functions normally. Remove one mirror

125
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and replace it with the flat mirror, which
can be aligned by inserting a microscope
slide between it and the adjacent Brew-
ster window at an angle of about 45 de-
grees, shining a small light on the slide
and manipulating the adjustment screws
while looking through the spherical mir-
ror and down the capillary tube. When
the reflected light reaches maximum in-
tensity, the flat mirror is in proper ad-
justment.

“The adjustment can also be made by
the method described in this department
in December, 1965. Occasionally a small
additional adjustment is necessary. It is
made by applying direct current to the
tube and rocking the adjustment screws
back and forth slightly until the beam
appears. Direct the beam onto a white
screen and observe the pattern. If it con-
sists of an array of two or more spots,
adjust the screws until the spots merge
into a single disk of uniform intensity.
Incidentally, the laser may not develop
maximum intensity when adjusted for
TEM,,, mode, but more intense multi-

weak
reﬂection1

strong
1 reflection

transmission
to lens and
object

uncoated glass
beam splitter

Details of the beam splitter

mode beams cannot be used for making
holograms.

“The desired disk-shaped spot of light
may contain a number of interference
fringes and circles. Such spurious effects
usually represent diffraction patterns
that are caused by dust or by imperfec-
tions in the mirrors. The beam can be
cleaned up by passing the light through
a pinhole about .0005 inch in diameter.
The pinhole must be located at the focus
of the two lenses that will be used to
spread the beam into a pair of broad
cones. A good pinhole can be made by
pressing a sharp needle into a sheet of
aluminum foil backed by a piece of plate
glass. The pierced foil can be mounted
on a ring of cardboard for clamping into
position in the optical train. Finally, the
power of the laser can be further in-
creased 10 to 25 percent by placing a
series of reasonably strong horseshoe
magnets every inch or so along the laser
tube. The magnetic fields reduce the
tendency of the laser to generate infra-
red waves and therefore concentrate the
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Laser resonator used in making holograms
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output at the desired wavelength of
6,328 angstrom units.

“In addition to the laser, the experi-
menter will require the following
equipment: a heavy table that is insu-
lated against vibration; four first-surface
mirrors; two lenses for spreading the
laser beam; two beam splitters, and a
supply of high-resolution photographic
plates together with chemicals for their
development. All these materials, except
the table and the chemicals, can be
bought from the Edmund Scientific Co.

“My table consists of a granite surface
plate mounted on dense polyfoam. It
weighs 100 pounds. The polyfoam rests
on the cement floor of my basement. An-
other amateur who goes in for holograms
uses a stack of concrete blocks of the
type sold by dealers in gardening sup-
plies. Each block is two feet square and
two inches thick. Six blocks are cement-
ed together with roofing tar and placed
on a foot-thick stack of old newspapers.
The assembled table weighs 500 pounds.
The heavier the table the better. It can-
not be insulated too well.

“To check the stability of the table
you will require a small interferometer
consisting of a beam splitter (Edmund
catalogue No. 578) and two first-surface
mirrors (Edmund catalogue No. 40,040).
These components can be secured to one
corner of the table by wax, blocks of
wood or rigid fixtures such as machin-
ist’s vises [see illustration at top left on
this page]. Direct the rays of the laser
into the beam splitter and adjust the po-
sition of the components until the two
beams superpose on a screen that can be
permanently mounted on a distant wall.

“The superposed beams will make a
small spot of light on the screen. Enlarge
the spot by inserting a lens with a focal
length of 10 to 50 millimeters in the
beam at a point within a few inches of
the apparatus. Interference fringes will
appear in the enlarged spot. They must
show no perceptible movement. If they
do, add mass to your table and improve
the insulation. During the hologram ex-
posure the fringes must show no move-
ment. Street traffic and other sources
of vibration can present a problem. In
some regions exposures can be made
only during the early hours of the morn-
ing when traffic is at a minimum.

“Once the table has become stable
you can assemble the optical train of the
holograph apparatus [see illustration on
preceding page]. You will require a
piece of thick glass for the beam splitter
(Edmund catalogue No. 2,183), a large
front-surface mirror (Edmund catalogue
No. 40,043), a small first-surface mirror



(Edmund catalogue No. 40,040) and
two simple lenses of good optical quality,
any convenient aperture and a focal
length of about 17 millimeters. The
lenses need not be achromatic. The
mounting supports can be improvised
according to the tastes and resources of
the experimenter. Again, stability is the
essential requirement.

“The subject to be photographed
should consist of small objects that will
stand still. Chessmen are a good exam-
ple. The available light from a home-
made laser limits the size of the scene to
about one square foot if the exposure is
to be kept within a five-minute interval.
The photographic plate should be placed
vertically, facing the subject at a dis-
tance of about 10 inches. First, however,
place a piece of white cardboard in the
position the plate will occupy. The card-
board should match the size of the plate.

“Darken the room, direct the rays of
the laser into the beam splitter and ad-
just the lens of the appropriate beam to
floodlight the object. (The laser does not
have to be on the stable table.) Block oft
this beam and adjust the lens and mir-
rors so that the second beam, as reflected
by the small and large mirrors, floods the
cardboard screen. If the diagram [page
125] has been followed carefully, the
distance from the beam splitter to the
object to the cardboard screen will be
approximately equal to the distance
from the beam splitter to the small
mirror, large mirror and cardboard. In no
case should an inequality exceed half of
the length of the laser. If scattered light
from the laser tube is perceptible on the
screen, enclose the laser in an opaque
housing.

“The two beams that now fall on the
screen must be adjusted for relative in-
tensity. The beam from the mirror
should be two to three times brighter
than the rays reflected to the screen by
the object. The brightness is difficult to
estimate, but it is not too critical. If the
reference beam seems too bright, try
shifting the position of the lens so that it
picks up the rays that are reflected by
the second surface of the beam splitter.
If the beam still seems too bright, move
the lens closer to the splitter or insert a
neutral-density filter in the beam at the
point where it is reflected from the beam
splitter. If a filter is so used, place it ex-
actly at right angles to the axis of the
beam; otherwise light will be reflected
back and forth internally between the
glass surfaces and will introduce un-
wanted interference eftects.

“The angle made at the photographic
plate between rays from the object and

those of the reference beam should not
exceed 30 degrees. The spacing of the
lines in the hologram varies inversely
with the size of this angle and becomes
so narrow at angles approaching 90 de-
grees that problems arise. Now replace
the cardboard screen with the photo-
graphic plate. The emulsion side should
face the object. (The emulsion side of a
plate can be determined by the fact
that it will stick to your lip.) The best
emulsion for holograms is the Eastman
Kodak Company’s 649F, which comes
in the form of four-inch by five-inch
glass plates, packed 36 to a box. The
plates are fairly expensive. They can be
obtained from the Edmund company in
smaller quantities. Other emulsions of
lower resolving power can be made to
work by using a narrow angle between
the reference beam and the object beam.
This arrangement generates somewhat
broader fringes, which are better for
such emulsions, but the adjustment is
difficult and I do not recommend it to
the beginner.

“Tust before making the exposure, di-
rect the laser beam into the interferome-
ter and examine the fringes for move-
ment. If they appear solid, switch the
rays to the hologram beam splitter and
make the exposure. A dim safelight can
be used if it is kept at least 15 feet from
the plate. The exposure time is a matter
of trial and error. If the object is colored
and not more than three inches in diam-
eter, a laser output of five milliwatts
should make an exposure of optimum
density in about three minutes. If the
plates are stored in a refrigerator, allow
at least 30 minutes for them to reach
room temperature before use. The East-
man Kodak Company recommends that
649F plates be developed for five min-
utes at 67 degrees Fahrenheit in East-
man H. R. P. developer. Thereafter the

plates are fixed, washed and dried.

“The dried hologram can be inspected
immediately for an image. Place the
plate in the diverged beam of the laser
at the angle of the reference beam. You
should then see the object. Rotate the
plate from side to side to find the angle
that yields maximum brightness. Alter-
natively you can inspect the hologram
by placing a filter of almost any color in
the slide holder of a 35-millimeter pro-
jector and fitting a pinhole mask over the
front surface of the projection lens. You
can even use a flashlight of the penlight
type if it is fitted with a self-focused
bulb. When inspected by flashlight, the
hologram will be fuzzy and the image
will appear in the colors of the rainbow.

“If no image can be found, the proba-
bility is high that something moved dur-
ing the exposure. Examine the plate un-
der a microscope at a magnification of
about 600 diameters. The pattern should
consist of fine, crisscrossed lines. If these
lines are not seen, some part of the ap-
paratus certainly moved during the ex-
posure. If the emulsion is much darker
or lighter than a conventional photo-
graphic transparency, appropriately in-
crease or decrease the exposure during
the next try. If the object has poor con-
trast, increase or decrease the intensity
of the reference beam.

“You do not have to make a hologram
to have fun with these fascinating play-
things. Relatively inexpensive holograms
on film can now be bought, with a view-
ing filter, from the Edmund company.
A number of engrossing experiments can
be done with them. Try photographing
the reconstructed light. You will discover
that either the focus must be altered for
recording sharp images of foreground
and background objects or the lens must
be stopped down to increase the depth
of the field. Try making photographs of
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Segment of a hologram enlarged 150 diameters

| various areas of the hologram. Each por-

tion, however small, will reproduce the
entire scene—yet the information con-
tained by each area differs from that of
other areas. The principal difference in-
volves the effects of parallax: the relative
displacement of objects as seen from
various points of view. In addition, each
area makes a contribution to the resolu-
tion of the entire plate. Features of the
scene appear in sharpest focus when the
reconstructed rays from the full plate
| are intercepted by the eyes. It is this

i property of the hologram that accounts

for the fact that blemished plates can
yield good results. Clear photographs of
| objects can be made from holograms
| that are dust-pocked or scratched—im-
| perfections that would ruin a conven-
tional photographic negative.

“The hologram is a special form of
the diffraction grating, which is a flat
optical surface ruled with thousands of
parallel, uniformly spaced lines and used
for diffracting white light into its con-
stituent colors. Diftraction gratings trans-
mit part of the light as a straight beam
but bend and disperse other portions
into bundles of rainbow colors that lie
on each side of the central beam. The
bundles are known as diffraction ‘orders.’
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“The hologram also diffracts the light
into such orders. If your eye is close to
the hologram, you will find a certain
angle at which an apparent mirror im-
age of the scene appears. The depth of
the field in the inverted image may ap-
pear greatly exaggerated, depending on
the angle between the reference beam
and the object beam at which the holo-
gram was made.

“To gain a full appreciation of the as-
tonishing amount of information that can
be compressed into the two-dimensional
pattern of the hologram, examine a plate
under a microscope. At 40 diameters of
magnification you will find curving lines
making fine patchwork designs. At 200
diameters these fine details turn out to
consist of still finer features. At 1,000
diameters the structures will be resolved
into an orderly pattern of relatively
straight, interwoven lines that resemble
the seat of a caned chair. Good holo-
grams contain more than 25,000 such
lines per inch. It is in their number,
shape and density that the optical infor-
mation is encoded. These paragraphs
have mentioned only a few of the many
new optical experiments that have been
made possible by the advent of the holo-

gram.”



LASL Photograph by Bill Jack Rodgers

Randall Yoakum, a mathematician in the

Test Division, watches his children set sail on
Los Alamos’ Ashley Pond. Randy is a member
of a research group working on the physics of
the ionosphere and auroral phenomena. These
studies are related to anti-missile defense

A VieW Of the Pond problems and also to the development of sensitive

methods for the detection of explosions in space.
Interaction of the various forms of energy
released by a nuclear device with the upper
atmosphere and geomagnetic field pose problems
of great interest in physics and astrophysics.
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Polymer combinations:

a new technology.

Polymer blending makes possible precise control of properties. Rubber balls show effects of adding small amounts of plastic.
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Uniroyal blends rubber with
plastic and vice versa
tocreate new materials with

exceptional resistance to
oil,ozone and abrasion.

Only a few years ago, there was a clear-cut
difference between rubber and plastic. Rubber was
rubber and plastic was plastic. There were few grey
areas and virtually no blends of the two.

Today, however, there are many rubberlike
plastics and plasticlike rubbers. In some ways,
an even more interesting and useful group of com-
pounds are the blends of rubber and plastic.

In Vietnam, a new military combat boot is lasting
some 30 times as long as the previous construction
which often fell apart in three weeks or less. The sole
of the new boot is a rubber-plastic blend developed
by Uniroyal and sold under the registered tradename
“Paracril 0zo."”

The same material, with varying percentages of
rubber and plastic, is being used in such diverse
applications as wire and cable jacketing, hose,
belting and pipe insulation.

The success of the blends is due to the fact that
their properties can be minutely controlled to
achieve the best combination for a given application.

Paracril Ozo, for example, combines four
properties seldom found in one polymer. It combines
excellent oil, abrasion, and ozone resistance with
good flexibility.

The nitrile rubber in Paracril Ozo is extremely
oil and abrasion resistant, but relatively weak in
ozone resistance, or the ability to take weathering.

The polyvinyl chloride plastic in Paracril Ozo
has outstanding abrasion and ozone resistance but
poor flexibility. (It is available separately under the
registered tradename ‘“‘Marvinol."")

Together, they perform exceptionally well. In
such tough applications as jet aircraft refueling
hose, Paracril Ozo stands up considerably longer
than the best oil-resistant rubber used straight.

Many other promising rubber-plastic blends

Sole of this combat boot is an outstanding example of
successful polymer blending. On the average, the boot
stands up a year-and-a-half in hot, humid climate.

Oil hose is made of a blend of nitrile rubber and polyvinyl
chloride plastic. This blend combines superior oil
resistance and outstanding weathering ability.

are under development by the polymer chemists

of Uniroyal. In the future, these blends will tend to
wipe out the arbitrary distinction often made between
rubber and plastic.

As a matter of interest, it was a Uniroyal chemist
who created ABS, the first plastic made from rubber
raw materials. This material, sold under the registered
tradename ‘‘Kralastic,”’ is one of the most widely used
structural plastics today.

A combination of acrylonitrile, butadiene and
styrene, Kralastic ABS is used in telephone

housings, luggage, truck bodies .
and hundreds of applications. Continued...
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“Crackless Rubber”blended with plastic makes“crackless plastic””

Adding a small amount of Royalene to the polyethylene strip on the left improves its low temperature impact resistance.
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If plastic added to rubber can create a better
rubber, how about adding rubber to plastic to
create a better plastic?

Intrigued by the possibility of improving existing
plastic materials, Uniroyal polymer chemists have
explored many different combinations. One of the
most promising is acombination of Uniroyal’s
‘‘Crackless Rubber’’ with inexpensive plastics
such as polyethylene. (Crackless Rubber is sold by
Uniroyal under the registered tradename
““Royalene.’)

Adding a small amount of Royalene to poly-
ethylene greatly improves impact resistance and low
temperature properties compared with the plastic
alone.

Royalene is also being blended with other rubbers.

Virtually every quality whitewall tire manufactured in

the United States uses a Royalene blend in the white-

wall to reduce the cracking problem. The blend used
is approximately 20 percent Royalene, but this is
enough to solve the problem. (Royalene is 100 times
more resistant to ozone attack than any other gen-
eral purpose synthetic rubber. It is also highly
resistant to sunlight, weathering and extremes in
temperature.)

Polymer chemistry isas much an artasitisa
science. Even a simple recipe based on one polymer
might have ten or more other ingredients. Acceler-
ators, curing agents, fillers, extenders, antioxidants,
antiozonants.

Changing one ingredient involving less than one
percent of the total can change the properties of
the final compound substantially.

To obtain the optimum recipe requires much
experimentation. With two basic polymers, the
problem is even greater. As the largest manufacturer
of chemicals for rubber and plastic, Uniroyal is ina
unique position to help you.

Uniroyal’s success in developing practical blends
that work as well on the production line as in the
laboratory is due as much to our experience with
rubber chemicals as it is to the basic polymers.

If you think a plastic rubber or a rubber plastic
can help you, we'd like to hear from you. Write to
Uniroyal, Polymer Technical Service, Chemical
Division, Naugatuck, Connecticut 06770.

Chemical Division

NIROYA
U.S.RUBBER

Both tires were aged 18 months. The one that didn't crack
contains Royalene, the ‘‘Crackless Rubber.’ Most whitewall
and cover strips now contain Royalene.

Ingredients in a typical tire compound. Uniroyal Technical
Service can help compounders determine the exact amounts
of each ingredient to use to meet a specific requirement.

We think we can help you. After all, we're an
inventive company and we have almost 1,500
patents to prove it. (More than half of them are
concerned with polymer technology.)

Uniroyal holds more patents
than any other rubber company.
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by S. A. Barnett

ON AcGrEssIoN, by Konrad Lorenz. Har-
court, Brace & World, Inc. ($5.75).

weekly reviewers do not read

books but “lay hold of a topic, and
write chiefly from their own wit.” He
added: “Monthly reviewers are duller
men, and are glad to read the books
through.”

Johnson’s comment came to mind on
reading some of the early reviews of On
Aggression. These discuss particularly
the similarities that Lorenz believes exist
in animal and human behavior. Joseph
Alsop, writing in The New Yorker, de-
tects a conflict between “the ethologists”
(that is, Lorenz) on the one hand and
psychoanalysts and social scientists on
the other; the latter, he suggests, are un-
likely to accept analogies between our-
selves and other species. In contrast,
Anthony Storr, a psychotherapist writing
in The Sunday Times of London, accepts
Lorenz’ views on geese and men without
protest. Arthur Koestler, in The Ob-
server, describes these views as a “lusty
gallop on a hobby horse” that it would
be churlish to grudge.

Unfortunately this reviewer finds
himself forced to be churlish. A book
prominently reviewed by celebrated
writers becomes important regardless of
its intrinsic merits. The reviews men-
tioned (all by nonzoologists) agree on
one thing: that at least Lorenz’ accounts
of animal behavior are authoritative and
reliable. But On Aggression does not in
fact represent the methods or opinions
current in ethology (the science of ani-
mal behavior).

The main theme is stated in the in-
troduction: “Behavioral science really
knows so much about the natural history
of aggression that it does become possi-
ble to make statements about the causes
of much of its malfunctioning in man.”
First, then, let us examine the “natural
history of aggression,” as Lorenz de-

E ;amuel Johnson once wrote that

BOOKS

On the hazards of analogies betiween human

aggression and aggression in other animals

scribes it. In Chapter 3, entitled “What
Aggression Is Good For,” we are told
that “we can safely assume that the
most important function of intra-specific
aggression is the even distribution of
the animals of a particular species over
an inhabitable area.” But should we
assume this? Lorenz does not discuss
the evidence. The members of many—
perhaps most—species are distributed
not evenly but in quite large groups,
crowds or herds. These include large
hoofed mammals and ground-living
apes. Of them Lorenz writes, “intra-
specific aggression plays no essential
part in the ‘spacing out’ of the species.”
He adds that among the herds of
hoofed mammals there are no territorial
boundaries.

This unsupported statement con-
tradicts the observations of several
careful workers. In 1956 William Graf
described territorial behavior in the elk
(Cervus canadensis). These animals
make territorial marks by scraping the
bark off trees and rubbing their faces in
the scrape. Graf also refers to the simi-
lar behavior of the black-tailed deer
(Odocoileus hemionus). In 1957 Carl
B. Koford described the behavior of the
vicuna (Vicugna vicugna), whose terri-
torial defense depends largely on a
characteristic posture in which the head
and tail are held high. More recently
there have been accounts of territory in
the reindeer (Rangifer tarandus) and
the Uganda cob (Adenota kob). Still
other examples could be quoted.

Lorenz also tells us that when birds
assemble in flocks outside the breeding
season, they “lack aggression.” This
bare statement certainly needs quali-
fication. For example, A. W. Stokes has
described in great detail antagonistic
behavior among blue tits (Parus caeru-
leus) at a winter feeding station. The
work by Stokes is particularly important
(and unusual) in that it gives quantita-
tive information on the effects of var-
ious postures on the behavior of the
birds toward which these signals are di-
rected.

Further examples come in the ac-
count of the social behavior of wild rats,
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to which Lorenz gives a chapter. He re-
fers to the “bloody mass battles of the
brown rat” (Rattus norvegicus). Noth-
ing of the kind appears in any of the de-
tailed accounts of this species. In fact,
serious clashes, when they do occur,
consist of an attack by one rat on a sin-
gle opponent; the latter does not fight
back. Nor is there pair formation in wild
rats, as Lorenz states; a female in es-
trus accepts males indiscriminately, and
males do not fight for females. The only
reference in the bibliography to work
on rats is to a short paper on the inter-
action of “brown” and “black” rats. En-
counters between these species are not
bloody mass battles either.

Rats are also described as “models of
social virtue,” “cruel to their subor-
dinates” and “horrible brutes.” They
are said to transmit by tradition knowl-
edge of the danger of poisons. The last
statement is reminiscent of the simple
tales, often written by clergymen in
earlier times, about animal cooperation
and its moral implications. (A popular
story was about the old blind rat that
was guided by a younger rat by means
of a twig.)

In the same passage there is a refer-
ence to a similar transmission of path-
finding, and of recognition of foods and
enemies. It is not clear in just which
species these abilities are supposed to
exist. There are certainly traditions of
food choice within monkey colonies. As
for pathfinding, young animals often fol-
low older ones of their own species, but
as a rule this has nothing to do with
teaching or learning a tradition. There
is a deep gulf between following, on the
one hand, and imitation (or learning by
observation) on the other. Any discus-
sion of tradition in other species de-
mands a critical account of this dis-
tinction, and of the kind of evidence
needed before the existence of imitation
may be accepted. This is perfectly prac-
ticable even in a popular work, but it is
not done.

Another passage more reminiscent of
a moral tract than of ethology asks what
has been learned “from the objective
observation of animals” on the “ways
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intra-specific aggression assists the
preservation of an animal species.”
Among the benefits, we are told, is that
the community is so organized that “a
few wise males, the ‘senate,” acquire
the authority essential for making and
carrying out decisions for the good of
the community.” Among some species
of primates elderly males do play a spe-
cial part in social life: a single, senior
baboon of the genus Papio, for example,
sometimes stops conflicts. But there is
no ground for suggesting the existence
of anything that can be called a senate
(or legislature). Not even male apes
combine to regulate the conduct of
their group (although an assault by an
elderly baboon may be checked by a
group of younger ones).

These examples of Lorenz’ method
illustrate a general difficulty that all sci-
entific writers on behavior have to face:
the use of colloquial language often
makes exact description difficult and ra-
tional explanation impossible. A lexical
definition of “aggression,” for example,
is “assault.” Yet the animal behavior
called “aggressive” consists usually of
displays (or signals) that induce the
withdrawal of intruders; it does not of-
ten involve a clash. (Even when there
is actual contact, under natural condi-
tions there is hardly ever serious inju-
ry.) The displays that lead to withdraw-
al may be postures, noises (such as bird-
song) or odors, and are often called
threats. A lexical definition of “threat” is
“a declaration of hostile intent.” But it is
difficult to give a precise meaning to a
statement about what an animal in-
tends. The word “threat” could be re-
defined as a signal that tends to induce
withdrawal by a member of the same
species. This at least allows the term to
be used without ambiguity. An objection
is that it ignores the animal’s internal
state. Among ourselves we think of
threat as an index of anger or fear. In
order to speak objectively about the
counterparts of anger and fear in other
species we need to know something
of the physiology of the behavior ob-
served. This entails exact descriptions
of electrical, chemical and structural
changes in the nervous system.

A start has been made in this difficult
area, but it is not recognized by Lorenz.
Instead there are many references to
“instinctual urges,” “aggressive impul-
ses” and similar undefined qualities. One
of the difficulties in commenting on this
book is indeed that key terms are not
defined; much is ambiguous or obscure
for this reason alone. The progress of
science has depended on the rejection
of what Newton called “occult quali-
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ties.” Descriptions in science are of
properties that can be reliably ob-
served: “Real is what can be measured.”
We no longer attribute the motion of
the planets to angels; we do not “ex-
plain,” or even name, the steady tem-
perature of a mammal or a bird by an
undefined “innate heat,” nor do we ac-
count for disease by the presence of de-
mons.

In one passage Lorenz refers to the
uselessness of terms such as “reproduc-
tive instinct” as explanations, but he
repeatedly uses them elsewhere. The
human “aggressive drive” is often men-
tioned, but if this or any similar ex-
pression has a meaning, it is only that
almost any human being can be pro-
voked to violence. The crucial question
is how the violence arises.

Lorenz believes that this question
can be answered by studying patterns
of behavior—displays, songs and so on—
that are common to an entire animal
species. He refers to such species-
characteristic patterns as “hereditary,”
but this represents a confusion between
heredity and development. Only differ-
ences between individuals can properly
be called “hereditary.” This confusion is
an aspect of Lorenz’ failure to take ac-
count of the development of behavior
during the life history of each individu-
al. It has sometimes been assumed that
uniformity of behavior within a species
indicates complete stability in the de-
velopment of the behavior. This is now
well known to be unjustified, and the
concept of “innate behavior” as it ap-
peared in ethological writings of, say, 15
years ago has been much modified.

Rhesus monkeys, Macaca mulatta,
provide a notable example. These ani-
mals, like many others, have a “peck or-
der,” or status system, within each
group; whenever (as under natural con-
ditions) there is a settled status system,
conflict is at most trivial and harmless.
Such social behavior might in the past
have been called “instinctive.” But if
young monkeys are reared without oth-
er monkeys, they fail to develop the
ability to take part in a stable society.
When given companions later on, they
are persistently “aggressive” in the
sense that they frequently attack and
injure others. These celebrated obser-
vations, made by Harry F. Harlow and
his colleagues, are, of all studies of ani-
mal “aggression,” the most relevant to
Lorenz’ theme. They illustrate the im-
portance of studying how social (and
antisocial) behavior develops. They are
not mentioned in On Aggression.

There is much discussion of the evo-
lutionary origin of behavior patterns.
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Great emphasis is put on the “triumph
ceremony” of geese and other birds.
(The birds are described as if they
were human beings.) This ceremony,
also called an “appeasement” activity, is
seen in different forms in different spe-
cies. Lorenz writes: “From this grada-
tion we can form a picture of how, in
the course of phylogeny, an anger-
diverting gesture of embarrassment has
developed into a bond which shows a
mysterious relationship to that other
bond between human beings which
seems to us the strongest and most
beautiful on earth.”

The primary hypothesis is that dis-
plays, such as those of courtship and ter-
ritorial defense, have gradually evolved
from other activities. For instance, birds
take care of their body surfaces by preen-
ing. The displays of many species in-
clude preening-like movements, some
of which show off in a striking way the
characteristic feather patterns. Move-
ments that originally had one function
are supposed to have changed during
evolution, so that they now have anoth-
er. At the same time the structures
involved have evidently become more
conspicuous, sometimes by acquiring
bright colors. Julian Huxley named this
hypothetical process “ritualization,” and
Lorenz makes many confident, dogmat-
ic assertions about it. The workers who
have contributed most to its study are
Niko Tinbergen and his pupils. Tinber-
gen has written: “Comparative descrip-
tion of signals [has] given us an idea of
their evolutionary origin and...leads
to a description of their alleged rituali-
zation. Assuming that our reasoning has
been correct, can we guess what selec-
tion pressures must have been respon-
sible for ritualization? The paucity of
experimental work on survival value ren-
ders such guesses doubly hazardous.”
This cautious, critical statement repre-
sents the actual position among re-
search workers on behavior today.

There are passages in On Aggression
about stereotyped behavior in which
the development of the behavior of an
individual seems to be regarded as the
same as evolutionary change in behav-
ior due to natural selection. For exam-
ple, there are many rituals in human be-
havior that we call “superstitious,” and
in obsessional neurosis (induced by an
unfavorable early environment) they
become excessive. Lorenz writes of ob-
sessional behavior and of the fixed ac-
tion patterns of animals (“All these
phenomena are related”). He states:
“All human art primarily developed in
the service of rituals.” Characteristical-
ly, instead of discussing the difficult
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the artist’s life as well as each of the 20 paintings

presented; its place in the development of the artist,
its importance in the history of art, its reflection of
the tastes and attitudes of the period.

As you view the paintings projected on your wall
and read the absorbing commentary, you and your
family will discover a whole new dimension in the
enjoyment of art. If you have been disappointed by
the inadequacies of small prints and art reproduc-
tions, you will be delighted with the thrilling visual
experience offered by the Color Slide Program of the
Great Masters. It is very much like taking your own
“private tour” with an art expert guiding you through
the world’s finest collections.

The Program is flexible —the cost is low

Approximately every two months, you are offered a
complete new Color Slide Album of 20 distinctive
slides and an illustrated lecture. Forthcoming Al-
bums will be devoted to the lives and works of such
great masters as Michelangelo, Rembrandt, Goya,
Gauguin, and Picasso, as well as Rubens, Caravag-
gio, Van Gogh, Lautrec, Chagall, and other out-
standing artists from every major period.

If the slides were available from museums, you
would expect to pay as much as $15 a set. Yet, as
a member of this new Program, you pay only $6.95
for each complete Album—including 20 color slides
and 40-page illustrated lecture. You may take as
few or as many as you like, and may stop whenever
you wish.

IF YOU DO NOT OWN A PROJECTOR. We have obtained a
limited supply of the sensational Minolta Mini 35-1I,
with Rokkor F2.5 wide angle
projection lens.This top-rated
portable projector shows all
35mm slides. List price $37.50
—members’ price $14.95.
If you wish the projector in-
cluded, please enclose remit-
tance with coupon. Full re-
fund guaranteed if projector
is returned within 10 days.
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Accept this $1 demonstration offer

To introduce you to the Program, we will send you
the Color Slide Album, Leonardo da Vinci (described
above), for 10 days trial. If you are delighted with
the demonstration, and wish to continue with the
Program, send only $1, plus a few cents for shipping.
Thereafter, you will be offered a new Album approxi-
mately every two months at the low price of only
$6.95. If not thrilled, however, simply return the
Album within 10 days, tell us you do not wish to
continue, and owe nothing. Mail the coupon today.

i —_—

McGraw-Hill Color Slide Program
of the Great Masters, Dept. BC-103
351 West 41st Street, New York, N. Y. 10036

Please send me the Color Slide Album: Leon-
ardo da Vinci for 10 days trial, and enroll me
in this new Program. Bill me only $1, plus a
few cents for shipping, for the Album. If not
completely delighted, I may return it within 10
days, cancel my membership, and owe nothing.

If I do continue, you will send me a new
Album of slides by a famous master approxi-
mately every two months (for 10 days trial) at
the low price of only $6.95, plus shipping. I
am not obligated to take any minimum number
of Albums, and may stop whenever I wish.

City v.ovvvvnnnnnnnnnn State........ Zip......
D Check here if you wish the Minolta Mini 35-11
Projector included and remit $14.95 with this
coupon for projector. 1f you are not delighted, re-

turn within 10 days for full refund.
Offer good in U. S. A. only BC-103
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problems raised by these proposals, he
precedes the last-quoted statement
with the words “There is hardly a doubt
that....”

The emphasis on the stereotyped be-
havior of species other than man, and
the neglect of behavior that can be
readily altered by experience, is partic-
ularly strange when the aim is to throw
light on human behavior. Man is the
one species whose social behavior (ex-
cept in infancy) does not depend on a
uniform set of social signals. All our cus-
toms, including language, depend on
the training we receive in our family or
community. Hence arises the immense
diversity of mores within the single spe-
cies Homo sapiens. Yet Lorenz writes:
“Human social behavior, far from being
determined by reason and cultural
tradition alone, is still subject to all the
laws prevailing in all phylogenetically
adapted instinctive behavior.”

This statement is made without sup-
porting argument—unless analogies con-
stitute an argument. The great debate
that has long ranged on this kind of
question is acknowledged only in a few
statements such as: “The completely
erroneous view that animal and human
behavior is predominantly reactive and
that, even if it contains any innate ele-
ments at all, it can be altered to an un-
limited extent by learning, comes from
a radical misunderstanding of certain
democratic principles: it is utterly at
variance with these principles to admit
that human beings are not born equal
and that not all have equal chances of
becoming ideal citizens.” Yet in fact
there is no school of thought that states
that animal, or even human, behavior
can be altered to an unlimited extent by
learning, and people who work for so-
cial justice do not say that all are born
equal but only that all should have
equivalent opportunities to develop
their abilities to the full. Lorenz may
look back nostalgically to “the good old
days when there was still a Habsburg
monarchy and there were still domestic
servants,” but this does not justify him
in ascribing to his opponents opinions
they do not hold.

What, then, are Lorenz” proposals on
the causes and treatment of “aggression”
in man? What revelation has he in store
for his readers? One is that there should
be more international sport. This widely
acceptable suggestion has often been
made without benefit of ethology; it is
not surprising, since (as Lorenz himself
points out) sport is “specifically human.”
Another suggestion is that there should
be more art, science and medicine—the
pursuits of beauty, truth and healing;
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this, of course, is still more readily ac-
ceptable, since it has been a familiar no-
tion for several thousand years. We are
also urged to laugh more, and to love
each other indiscriminately. The last
recommendation perhaps accounts for
the following sentence: “Not even the
most ruthlessly daring demagogues have
ever undertaken to proclaim the whole
art of an enemy nation or poh'tical party
as entirely worthless.” It might have
been more appropriate if Lorenz had re-
minded his younger readers of the at-
tempt by the Nazis between 1933 and
1945 to destroy not only the German
Jewish community but also the whole of
Jewish culture.

The sentence quoted strongly sug-
gests that Lorenz lives in a private
world, insulated from the real one. The
same applies to his principal recom-
mendation for further research. “I
believe—and human psychologists, par-
ticularly psychoanalysts, should test
this—that present-day civilized man suf-
fers from insufficient discharge of his
aggressive drive.” Never mind now that
“aggressive drive” is not defined. This
and similar notions have been debated
among medical men and psychologists
for several decades and are the subject
of a substantial literature. The late Ka-
ren Horney, a leader of a prominent
psychiatric school that particularly em-
phasizes this aspect of psychopathology,
has written of “the neurotic person’s
need for indiscriminate supremacy.”

Still more to the point is the research
that has been done on the developmen-
tal psychology of the bully. In the
1940’s H. V. Dicks produced convincing
evidence that the personalities of the
brutal German soldiers who formed a
substantial minority of the Reichswehr
were products of families in which
the father was a tyrant and the mother
submerged. T. W. Adorno and his
colleagues independently published a
longer and celebrated work, The Au-
thoritarian Personality, that extended
and confirmed this analysis. On the de-
velopment of “aggression” in childhood
Lorenz has little to say except for a ref-
erence to “countless unbearably rude
[American] children” who, he tells us,
were a product of the view that chil-
dren ought to be “spared all disappoint-
ments and indulged in every way.”

Being a dull man, in Samuel John-
son’s classification, I have “read the
book through” more than once. On each
reading more self-contradictions, confu-
sions and questionable statements have
emerged. How much more acceptable
would have been an unpretentious ac-
count of actual behavior! It is sad that so
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much ability should have been misap-
plied in this fashion. As it is, since On
Aggression is presented as being au-
thoritative at least on animal behavior,
it is likely to bring ethology into disre-
pute with critical readers, and also to
mislead students and laymen. But the
scope and implications of the book are
far wider. It makes statements bearing
on two crucial features of our existence:
the growth of social behavior in chil-
dren and the prevention of violence
and war. These are not topics in which
loose thinking can be accepted with a
tolerant shrug; such work should be
based on a respect for facts, for logic
and for the researches of others. In-
stead the method of On Aggression is
essentially antirational. This method
should be repudiated by all scholars, in-
deed, by all responsible people.

Short Reviews

HEAT: BoTANY, CULTIVATION, AND

UTtiLizaTiON, by R. F. Peterson.
Interscience Publishers Inc. ($16). A car-
bonized spikelet of a hulled variety
of wheat is perfectly imprinted on
baked clay in material excavated in Iraq
at Jarmo, a village where men already
gained their strength by feeding on the
seeds of wheat. That was about 6700
B.C.; today all over the world outside the
Tropics men tend each year about 10+
individual wheat plants, mainly of the
species Triticum aestivum, a species
that itself arose in a wheat field in west-
ern Asia some 3,000 years ago. This
substantial volume is a general account
of wheat, taking up the plant itself, its
genetics and physiology, its varieties,
breeding and diseases; it gives a broad
treatment of cultivation, from seed
preparation to sowing, of weed and in-
sect control, harvesting and threshing;
finally it describes use, from storage,
nutrient content and milling to baking,
spaghetti-extrusion and international
trade. The pictorial matter is fascinat-
ing: the Jarmo spikelet is here, and col-
or photographs of grains of many varie-
ties. The chromosome configurations of
the several “species” are shown, as are
the external look of the ears of almost
100 varieties. Here are the broad flat-
lands with the golden meadows stretch-
ing for miles, or traversed all night by a
dozen combines in echelon. There are
grain elevators in the Crimea and the
Transvaal, and red wheat in great heaps
on the ground during a bumper year in
Alberta. There is a funerary model from
the Old Kingdom of Egypt, showing the
wheat being ground and the baker tend-
ing his fire. Next to it are modern auto-
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McGraw-Hill
Encyclopedia of

science

HE REVISED EDITION of the famed

McGraw-Hill Encyclopedia of Science
and Technology is available. This extraor-
dinary set of books is the most respected,
most widely-used reference for accurate,
up-to-date information in any area of the
physical, life, and earth sciences, and in
all fields of engineering.

Here, you will find every theory, con-
cept, term . . . every significant new dis-
covery and technological advance . . .
every important problem currently under
study . . . gathered from the frontiers of
scientific exploration around the globe.
To obtain equivalent information, you
would have to consult thousands of jour-
nals, textbooks, monographs, papers, pro-
ceedings of meetings. Now, in this
unified science Information Center, it is
as accessible as the nearest bookshelf.

For quick reference, systematic study, or
leisurely browsing. This unique set of
books is the first place to look for authori-
tative answers to questions on any sci-
entific or engineering subject . . . whether
‘you are concerned with theoretical as-
pects or practical applications...whether
you require information on basic princi-
ples or advanced technology. It is invalu-
able for reviewing concepts, procedures,
terms . . . or as a reliable research tool.

and
technology
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Prepared by more than 2,000 leaders of
the scientific community. All articles are
written by specialists of international
reputation — in many cases, by the very
person who made the actual discovery,
proposed the original concept, or carried
the research forward. Over 9,500 photo-
graphs, maps, drawings, and diagrams
enhance and clarify the text. The multi-
ple Index volume of over 100,000 entries
and the cross-reference system of 40,000
citations make it easy to find the infor-
mation you need quickly.

This authoritative reference library
helps you stay abreast of the whole spec-
trum of today’s rapidly expanding tech-
nology. For the engineer, the scientist,
the teacher, and the student, the Ency-
clopedia of Science and Technology has
become the one indispensable reference.

Available direct from publisher. Simply
mail the coupon at the right to receive
this incomparable 15-volume Encyclo-
pedia for two weeks’ examination, with-
out obligation of any sort. Then, if you
wish, you may purchase the set direct
from the publisher on a convenient bud-
get plan. Consult the coupon for full
details, and send it today. McGraw-Hill
Book Company, 330 West 42nd Street,
New York, N. Y. 10036.
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A unique Information Center
encompassing the entire range of today’s scientific and engineering
knowledge in 15 volumes — 7,400 articles — 9,500 illustrations

Here is a brief sampling of the many fields covered:

Acoustics — Aeronautical Engineering — Agriculture and Soils — Analytical Chemistry — Animal
Anatomy — Astronomy — Atomic, Molecular, Nuclear Physics — Biochemistry — Biophysics —
Chemical Engineering — Civil Engineering — Classical Mechanics — Communications — Com-
puters — Conservation — Cytology — Electrical Engineering — Electricity and Electromagnetism
— Fluid Mechanics — Food Engineering — Forestry — Genetics and Evolution — Geology — Geo-
physics — Heat — Industrial Engineering — Inorganic Chemistry — Low-Temperature Physics —
Machine Design — Mathematics — Mechanical Power Engineering — Medical Microbiology —
Metallurgy — Meteorology — Minerology and Petrology — Mining Engineering — Naval Archi-
tecture — Nuclear Engineering — Oceanography — Optics — Organic Chemistry — Paleobotany
and Paleontology — Petroleum Engineering — Physical Chemistry — Physiological and Experi-
mental Psychology — Solid State Physics — Space Technology — Theoretical Physics — Zoology
— plus thousands of other subjects in every scientific and engineering discipline.
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HIGH PRAISE FOR REVISED EDITION
““Excellent . . . the star in its field.””
—Scientific American
““It is the best fundamental science and technology
reference work . . . Highly recommended.”’
—Science Books

Two new optional reference books also available...
Now two highly useful new reference volumes are
available in matching bindings. Their price is $12.50
each to purchasers of the Encyclopedia. The compre-
hensive McGraw-Hill
Basic Bibliography of
Science and Technology
lists and describes the
outstanding current
books in every scientific
and technical field. The
McGraw-Hill Modern
Men of Science presents
informative biographical
and autobiographical
articles on 426 leading
contemporary scientists.

Examine the set without obligation
Mail this coupon today

——— e ey

McGraw-Hill Encyclopedia of

science and technology

McGraw-Hill Book Company
330 West 42 Street, New York, N.Y. 10036
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l Please send me for two weeks’ trial examination,
the revised edition of the famous McGraw-Hill

I Encyclopedia of Science and Technology.

I I enclose my check or money order for $10 as
deposit, which will be considered my first pay-

| ment. I will remit the balance in eighteen
monthly payments of $16.50 and a final pay-

I ment of $6.75 until the total price of $313.75 is

l paid. I understand, however, that if I am not
delighted with the set I may return it within

l two weeks for a refund of my deposit, and I will

I be under no further obligation.
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matic ovens, producing some 100,000
loaves a day.

Most U.S. wheat is hard red winter
wheat, sown in the fall, when it forms a
strong root system and sends up its ear-
ly-branching leaves. On the dry plains
the plowman no longer encourages a
layer of dust (once thought to check
water loss through evaporation, a prac-
tice that itself encouraged the dust
bowl) but uses a cultivator whose blades
work mainly below the surface. Most
fertilizer is applied at sowing time.

The next spring the field grows, with
that special promising green, and the
wheat grower sprays for control of
broad-leaved weeds by 2,4-D and of
wild oats by a specific called barban.
Chinch bug, hopper, Hessian fly and
their like he attacks with more sprays,
even by airplane. (The crop is still not
won without bloodshed: accidents to
crop-dusting pilots are frequent.) He
reaps and threshes all at once with the
direct combine, a self-propelled ma-
chine that cuts the stems, parts grain
from the chaff, stores the grain in its
tank and blows the chaff and the cut-
tings out into the field. In 1829, even
before the use of the hand cradle, one
acre of wheat required 46 man-hours
for harvesting, consisting in 14 for cut-
ting by sickle, five for hand-binding, 13
for threshing with the flail, 10 for win-
nowing with rod and fan, and a little
more. With the combine it takes half
an hour. On this fact we who dwell in
cities depend. By 1896 the total had al-
ready dropped to three hours; the 19th
century set the pace.

Wheat seeds mainly contain starch,
but their protein is important both as a
nutrient and as a substance indispens-
able to the formation of small bubbles
in the dough, which makes wheat and
rye the only true bread-making grains.
Heating before grinding denatures the
proteins and prevents the evolution of
gas. Bread eaters do not parch the
grain; they probably stopped doing so,
in order to turn the flatbread into the
leavened, sometime in the fourth mil-
lennium B.c., a turn of events perhaps
not unconnected with the spread of T.
aestivum. Palatable bread requires cnly
flour, water and yeast; salt is usually
held essential for its savor. (It is not
easy to speak of this topic without ech-
oes of the Bible.)

The longevity of the fertile wheat
seed is surprising: “By adjusting all fac-
tors to [an] optimum, it will be possible
to keep wheat seed viable for as long
as 100 years.” The occasional assertion
that wheats from ancient Egyptian stor-
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age pits and tombs has germinated is
flatly denied. The authentic seeds show
no germination whatever; “they are
hard, dry, brittle and lifeless.”

Ergot is a minor disease of wheat, al-
though it is a major one of rye. Its black,
powdery spore bodies replace entire
grains in the wheat ear. We are protect-
ed statistically against the grave symp-
toms of ergot poisoning: the price of
wheat containing even a few such bod-
ies is lower. Dilution saves us in an era
of mass production; formerly we de-
pended on the good offices of a watch-
ful miller. (Nowadays the ergot alka-
loids are elaborately modified into LSD
and supplied separately.) Our greatest
competitor for the wheat is probably
the stem rust, a fungus found in many
races on all continents. It has a complex
life cycle, requiring alternate infection
of wheat or grass stems and the barber-
ry bush. Resistant varieties of wheat are
the main weapon against rust, and the
task of keeping ahead of the mutating
races of the rust is literally endless.
Chemical control is a promising backup
procedure. The major losses to stored
grain come not from rats and mice but
from small beetles and weevils. Such
insects can develop even in very dry
conditions; their respiration produces
enough water vapor to promote the
growth of molds and other fungi. These
spread rapidly, their metabolism releas-
ing much heat. This is the main cause of
grain spoilage. The grain needs check-
ing from time to time for moisture and
temperature rise. The biology of all
these events has an air of thermody-
namic inevitability. The wheat is a mi-
crocosm of history, of biology, of trade,
of invention.

The author of this admirable work is
a specialist in cereal rusts from the
Agriculture Research Station in Winni-
peg. He has tried to make a book that
expresses his experience and wisdom as
well as library gleanings. It is a book
aimed at “readers seeking a broad
view” and not at specialists, nor at giving
practical directions. He has fully suc-
ceeded. There is one curious lack:
beer, intimately related to bread since
the time of Ur, is nowhere mentioned,
nor is malt whisky. Recipes and statis-
tics are given for cakes but not for ale.

THE MipwiFe aNp THE WITCH, by

Thomas R. Forbes. Yale University
Press ($6.50). Every once in a while a
baby enters the world with a thin mem-
brane, a part of the amnion, covering its
head. The membrane is known as a
caul; it is an omen of good fortune as old

© 1967 SCIENTIFIC AMERICAN, INC

as the Chaldees and as widespread as
man. Leonardo was born with a caul,
and of course David Copperfield. On
the London docks during that terrible
August of 1915, when the submarines
were daily sinking the old freighters of
the British merchant marine, cauls were
going for two pounds sterling; they are
a sovereign protection against death by
drowning.

This learned and diverting work
presents a series of essays (and a mas-
sive bibliography) about the folklore
and superstition surrounding the genu-
ine mysteries of pregnancy and birth.
The tale of the caul is one; another is
the endocrine disorders of aging birds.
These gave rise to the true wonder of
the crowing hen and its counterpart, the
laying cock, with its legendary serpent
offspring, the basilisk. Tests for preg-
nancy, means for riddling out the sex
cof the unborn, and eaglestone charms—
stones within which a rattling small
stone could be heard—are discussed with
grace and erudition. The midwife, per-
haps because she was so close to the
beginnings of life, to inheritance and to
the physical possession of the newborn,
was much involved with witchcraft. The
brief essay on witchcraft presented here
is well informed and reveals the humane
and medical leanings of its author. We
are told of the brave experimenter
Heinrich Marzell of Stuttgart, who in
1963 tried rubbing on himself the
witches” flying ointment, a grease laden
with aconite and nightshade (probably
substituting, however, for the authentic
fat of unbaptized infants) following a
recipe by the famous Giovanni della
Porta, which induced dreams and hallu-
cinations of flight, bizarre companions
and the rest of the witches” sabbath.

The most beguiling riddle is that of
the Latin word square written

ROTAS
OPERA
TENET
AREPO
SATOR

Long prized as a charm against death
during childbirth, this formula has been
found all over Europe and Asia Minor
since the fourth or fifth century. It will
also put out fires and guard against mad
dogs. The five Latin words have mean-
ing, if not clarity; sator is “a sower,” r0-
tas “wheels,” and so on. The cross-word
tenet—"he holds”—and the ingenious
discovery that the square can be built
up from PATERNOSTER crossed on itself,
plus two A’s and two O’s (the alpha and



Now a hospital climate to baby grown-ups, too.

Like most nurseries, this one has
individual temperature and humidity
controls. However, many other hos-
pital rooms are cooled only by open
windows and fans—rough on patients
when the weather is hot and humid.

Even in other institutions and com-
mercial establishments that have cen-
trally-controlled cooling and heating
systems, the climate can be far from

satisfactory. Too cool for some, too
warm for others.

An ITT environmental system allows
individual room control of temperature
and humidity all year round. Babies
and grown-ups alike can be made com-
fortable in a room that’s cool, warm,
or somewhere in between.

Wherever there’s a comfortable and
modern hospital, school, office build-
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ing or store, there’s a good chance
some ITT equipment is at work. Equip-
ment such as Bell & Gossett circulating
pumps; Nesbitt, Reznor and Hayes
heating and air-conditioning units;
General Controls thermostats and
other controls; and Wakefield and Art
Metal lighting fixtures.

International Telephone and Tele-
graph Corporation, New York, N.Y.
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NATURAL AND
DRUG INDUCED

TWINS AND
TWIN RELATIONS
by Helen L. Koch

A new look at one of nature’s most
revealing experiments, based on
scientific data gathered from in-
tensive study of ninety dyads —
both identical and fraternal, same
sex and opposite sex — in compar-
ison with a control group of single-
tons. Dr. Koch’s evidence chal-
lenges some allegations about twin
behavior and raises many ques-
tions for further research. $6.95

MESCAL AND
MECHANISMS OF
HALLUCINATIONS
by Heinrich Kliiver

This book brings back into print
the complete text of Mescal, pub-
lished in 1928, with an additional
paper on the “Mechanisms of Hal-
lucinations” and a new author’s
preface. “Heinrich Kliiver has pio-
neered so many trails that it will
be no surprise to discover that
(many years ago) he was empha-
sizing the importance of mescaline
to psychology in an admirable
book.”—Annals of the New York
Academy of Sciences $3.95

75¢th Year

UNIVERSITY OF
CHICAGO PRESS
Chicago and London

In Canada:
University of Toronto Press
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the omega), strongly suggest that it was
a cryptic sign of the early Christians,
like the fish. But the dates seem uncer-
tain, and even these notions are not the
only ones. SATOR is still a puzzle, as it has
been for a millennium.

This is a graceful book, and the old
woodcuts that illustrate it are splendid.
A final chapter on the growth of the
profession of midwifery in the English
Renaissance is a window to sobriety and
reason after the chapters of darkness.
The 700 items in the bibliography in-
clude many primary sources and original
papers, “in the hope,” says the author,
“that some readers will wish to make
further explorations.”

THE SIX-CORNERED SNOWFLAKE, by

Johannes Kepler. Edited and translat-
ed by Cohn Hardie, with essays by L. L.
Whyte and B. F. Mason. Oxford Uni-
versity Press ($3.40). In a merry—even
joking—mood Kepler sat down, at about
the same time Galileo across the Alps
was using his first telescopes, to write
this slender Latin essay as a New Year’s
gift for a learned friend who was Reichs-
hofrat at the court of Rudolf I1. The Lat-
in and English texts face each other in
the first 40 pages of this elegant book.
According to Kepler, here was “the ideal
New Year’s gift...the very thing for
a mathematician to give...since it
comes down from heaven and looks like
a star.” Kepler seeks “the definite cause.
... Why always with six?” Then he pro-
ceeds by the strongest methods of the
modern theorist: symmetry and anal-
ogy. The bees build on the same plan,
filling space with rhombs. Pomegranate
seeds, and also peas pressed tight from
all sides, form the same rhomboid pack-
ings. Kepler here described for the first
time the two ways of close-packing
spheres: the cubic and the hexagonal.
He explicitly views the forms of some
solids as a consequence of the pack-
ing of identical subunits. Snowflakes,
though, defeat him. They are not iden-
tical, not packed, but free. They are flat
as well; even the tiny water globules he
thinks comprise the flakes will not then
uniquely produce the six-sided figures.
Finally he recalls crystals of unusual
forms, and in the end calls on chemists
(alchimisti) and metallurgists to ex-
plain the facultas formatrix of the snow-
flake. Across three centuries B. F. Ma-
son makes his effort. He knows a lot,
and he understands a six-foldedness
deep within, but of the similar branches
of the snowflake he too mutters of “lay-
ers and steps . .. a rhythmic character to
the growth ... may explain ... the fairly
regular spacing.”
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Kepler has not yet been given any
clear answer, as L. L. Whyte proclaims
in a couple of metaphysical pages.
Should we not require, he asks, a simple
explanation of simple observations? It is
not easy to go along with this attractive
view in a world that is still searching for
the full story of why the apple falls.
Physics makes progress where the
answers—not the questions—are simple.
Meanwhile the snowflake remains a
quasi-symmetrical mystery. How it is
made still seems beyond the clouds.

REPORT oF THE UNITED NATIONS ScI-

ENTIFIC COMMITTEE ON THE EFr-
FECTS OF Atomic Rapiation. United
Nations ($2.50). Among other things,
this report shows that the test ban works.
A dramatic curve plots month by month
since 1954 the fallout of strontium 90 on
New York City. The great delayed peak
coming from the last thermonuclear tests
of late 1962 arrived with the spring rains
of 1964, but today the level (also re-
duced, to be sure, by drought) is down a
factor of five, back to the level of 1954.
The fallout is uniformly in sharp decline
by all measures. The Chinese tests so far
make a negligible contribution, along
with the venting accidents of under-
ground shots.

The open biological issues remain
pretty open. Genetic-risk data are still
uncertain, although knowledge slowly
grows. The natural background estimate
is remade, and it agrees with the preced-
ing experts’ report of 1962 within 2 per-
cent. Some chromosome anomalies are
now known to be a major cause of abor-
tion and congenital defects, but their
natural cause is not securely understood.
This UN committee is one of our safe-
guards; it deserves the gratitude of every
thoughtful person.

GALAXIES anp Cosmorocy, by Paul

W. Hodge. McGraw-Hill Book
Company ($4.95). This thin, handsome,
graph-packed, entirely up-to-date ac-
count of the largest of all astronomical
topics was written as a specialized under-
graduate text, but it is an attractive work
for the general reader who has learned
something of the language of astrono-
mers. Most readers will not find cosmol-
ogy clarified by the succinct collection of
formulas and graphs given here, but the
bulk of the book sets out very well in-
deed the geography of galaxies, partic-
ularly of the local group, with their con-
tents and their probable evolution. There
is a minimum of mathematics. Hodge
concentrates on what is seen and mea-
sured; quasars and the like, with much
other speculation, earn only a mention.



Nancy and John Seletti aren’t trying to save the world.
Just a little piece of it.

About a mile outside the Ko- i}

rean village of Ku Am there are a

few dozen young, still-tender mul-

berry trees growing on a small hill.

Someday these trees and their suc-

culent leaves will be the heart of a
new village industry —a silk raising
farm. That day is still many months
off, but it doesn’t stop the village
men from making daily inspection
treks up the steep hill, just in case.
Just in case something miraculous

has happened since yesterday. After ¢
all, it wouldn’t be the first miracle &

to happen in Ku Am. Everyone in
the village knows the story of Chang
Sook, the daughter of the widow.

Ten years ago Chang Sook’s
chances of survival were as slim as
she was. Her father had disappeared
during the family's flight from
North Korea. Her mother, a seam-
stress, worked a backbreaking day
and most of the evening to earn
$10 a month. Barely enough to keep
them from starving.

But today that’s all changed be-
cause an American couple named
Seletti are sharing a little of their
good fortune with a girl to whom a
little means everything. Nancy,
John and five-year-old Alexandra
Seletti are New Yorkers. They're not
fabulously wealthy as the villagers
of Ku Am believe. But, they're not
poor either. Comfortable probably
describes them best. They have
everything they really need, but
give them ten minutes and they’ll
come up with ten things they want
that $15 a month would buy. Luck-
ily, they thought of Chang Sook first.

Through Save the Children
Federation, the Seletti’s $15 a
month is doing a remarkable num-
ber of things. First, Chang Sook’s
immediate needs and future school-
ing are being taken care of. The fam-
ily is getting help, too: Enough to
enable Chang Sook’s mother to start
a small knit shop.

And with all this, there is still
some money left over. This money,
together with money from other
sponsors, was borrowed by the vil-
lage to start its precious mulberry
farm. Someday silk raising will
mean a permanent increase in the
village’s income—and permanently

end the need for charity. That's
what Save the Children Federation
is all about. Although contributions
are tax-deductible, it is not a charity.
The aim is not merely to buy one
child a warm coat, a new pair of
shoes and a six month supply of vita-
min pills. Instead, your contribution
is used to give the child, the family
and the village a little boost that
may be all they need to start help-
ing themselves.
Sponsorsaredesperately needed
for children in Korea, Viet-
nam, Latin America, Africa |
and Greece. You can select

does, the Seletti’s investment in one
girl will be repaid a thousand-fold.
The Selettis know they can't
save the whole world for $§15 a
month. Just a small corner of it. But,
maybe that is the way to save the
world. If there are enough people
like the Selettis, How about you?

National Sponsors (partial list)

Faith Baldwin, James Bryant Conant,
Joan Crawford, Hon. James A. Farley,
Jerry Lewis, Henry R. Luce,

Frank Sinatra, Mrs. Earl Warren

Save The Ch1ldren Federation

NORWALK, CONNECTICUT 06852

the child’s nationality. You
will receive a photo of the
child, regular reports on his
progress and, if you wish, a
chance to correspond.

Chang Sook writes to the
Selettis. She also sends small
homemade gifts to Alexandra.
And she tells them of her
dreams of becoming a nurse. B
She'll probably make it. If she [
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ENCLOSED IS MY FIRST PAYMENT
: O0%15 MONTHLY
. O $90 SEMI-ANNUALLY O $180 ANNUALLY

. ICAN’T SPONSORACHILD. ENCLOSED ISACONTRIBUTION OF

0 $45 QUARTERLY

\E TAX DEDUCTIBLE
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Illustrated, 60¢
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The radio study of external galaxies re-
ceives a brief review that is hard to
match elsewhere. The methods of the
optical astronomer are not paid much
attention, although there is one splendid-
ly helpful chapter on the means of mea-
suring great distances, seen as six steps
to a remote Parnassus. Beginning with
the solar system, accessible to radar and
to the orbital studies of Newtonian me-
chanics, the distances one by one fall
before successive calibrations of the
brightness of recognizable objects. The
brightest blue stars and the clouds of
ionized gas they induce work all the way
up to the Virgo cluster of galaxies, 30 or
40 million light-years out. The red shift,
calibrated on the Virgo galaxies, handles
all the rest. The most distant objects
must finally be gauged as a whole. The
author has presented a taxing but re-
warding book for the general reader, and
a lively and unusually rich text; if the
probable-error bars on most curves and,
worse yet, all the references to the orig-
inal papers had not been suppressed, the
book would as well have been an indis-
pensable monograph for the graduate
student.

HITE AFRICAN, by L. S. B. Leakey.

Schenkman Publishing Company
($7.95). The energy, enthusiasm, direct-
ness and iconoclasm of the famous ex-
plorer of man’s African past are wholly
displayed in this early autobiography
written when Leakey was 30 years old.
He had just completed his first expedi-
tion into “Oldoway,” where he had found
the stone tools in Bed I, still the oldest-
known artifacts of man. Here he is, a
born Kenyan, “more of a Kikuyu than
an Englishman in many ways,” collecting
obsidian flakes, running down duikers
and hares, tending bees in the Kikuyu
style. In school and at Cambridge he re-
mains irrepressible, beating his big sig-
nal drum from the roof of St. Johns, and
almost required to set himself his exami-
nation in the Kikuyu language. Kenya
has two great books from these decades:
President Kenyatta’s scientific study of
Kikuyu life, and the magical evocations
of Isak Dinesen. Here is another worthy
of the same shelf, although it is slighter
than those classics.

PERSPECTIVES IN MODERN PHYSICS:

Essays v HoNor oF Hans A. BETHE,
edited by R. E. Marshak. Interscience
Publishers Inc. ($19.50). It almost goes
without saying that this volume offered
as a tribute to one of the world’s leading
theoretical physicists has many valuable
pieces on a broad range of topics in phys-
ics. Notice of a special sort is earned by



four papers that will be of particular in-
terest to the general scientific reader:
an eloquent essay on the role of physics
in this century by ]. Robert Oppen-
heimer; a fascinating personal account of
20 years of accelerator construction by
Robert R. Wilson (which sounds like the
logbook of one of Columbus’ rival cap-
tains); a superb overview of stellar
physics by E. E. Salpeter, obtaining all
its central results not from computers
but from insight and dimensional analy-
sis, and a piece of highly convincing
hyperengineering by Freeman J]. Dyson,
who lays out quite reasonably the means
of refashioning galaxies from untamed
forests into parks in a way that ought to
nourish a whole decade of science fic-
tion.

PRINCIPLES oF GEOCHEMISTRY, by
Brian Mason. John Wiley & Sons, Inc.
($9.95). In a science where the main
sources are bulky treatises crammed
with dry tables, the third edition of this
deft, up-to-date and clear text maintains
authority without surrendering read-
ability; this holds for the student as well
as for the scientist visiting from another
field. The atomic census of meteorites
and of man, of seawater, alfalfa, air and
coal, and how the atoms got there, form
the content of the book. The thermo-
chemistry and hydrochemistry of rocks
and the cycles of elements are well de-
scribed. A list of the world consumption
of the elements, with sources and current
prices, closes a fresh and stimulating ac-
count. Platinum, at $4 per gram, is the
dearest of stable elements; the heaviest
atom that is found as an invariable con-
stituent of living forms is iodine.

HE IDENTIFICATION OF PLASTICS AND

RusBegs, by K. J. Saunders. Chap-
man & Hall, distributed in the U. S. by
Barnes & Noble, Inc. ($2.75). Keys to
wild flowers, field lists of birds—these
are for a good many people companions
up to the edges of science. Today we
constantly touch substances that were
unknown to us a generation ago. Al-
though homes and stores are still not as
rich in detail as fields and woods, it is
time that people who like to know exact-
ly where they are came to see that calling
a substance a plastic is not enough to
walk knowingly through the modern
world. Here, then, is a first key to the
domestic molecules. Rubbers snap back,
thermoplastics give and thermosetting
materials chip. Feel, color, burning, den-
sity and odor in the flame are clues to
whatever you find. That heavy kitchen
wrapping is polypropylene, and it floats

easily in water.
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stoppers for stores, terrific for
amateur meteorologlsts Create a
neighborhood sensation. Great
backyard fun. Exciting beach at-
traction. Amateur meteorologists
use to measure cloud heights, wind
speed, and temp. Made of heavy
black rubber. Inflate with vacuum
cleaner or auto air hose; or locally
available helium for lngll rise. 8’
diam. $2.00 Ppd. Order Stock No.
60,568S. Edmund Scientific Co.,
Barrmgton N.J. 08007.

FASCINATING MOIRE
PATTERN KITS

Now explore the world of *‘Op
Photography’. Fantastic visual
effects. Limitless applications.
1,000’s of uses for hobbyists, pho-
tographers, home experimenters.
Fun! Profitab:e! Contains 8 basic
patterns on both clear acetate and
white Kromekote, 150 dot screen
on fium, book. Other sets incl. neg-
atives avallable Write for details.
Stock No. 70,719S....88.50 Ppd.

SAME KIT IN FULL COLOR
Stock No. 60,530S...$12.50 Ppd.

SCIENCE
TREASURE CHESTS

Hundreds of thrilling experiments
plus a Ten Lens Kit to make tele-

scopes, microscopes, etc. Incl.:
extra powerful magnets, polarlz-
ing filters, compass, one-way
mirror film, diffraction grating,
many other items. $5.50 Ppd.
Order Stock No. 70,3428. Deluxe
Chest: Above plus crystal growing
kit, electric motor, molecular set,
and lots more. $10.50 Ppd. Order
Stock No. 70,343S. Edmund
Scientific Co., Barrington, New
Jersey 08007.

N

EW .. .TRANSPARENT
CRYSTAL MODELS

Set of 15 Basic Symmetries with
Built-in Crystallographic axes.
For lab study, exhibition, demon-
stration. Colored threads built in-
to each precision-made hollow
plastic model show position of all
axes. Easily marked with china
pencil. Cube measures 13{”—14
others (see above) in proportion.
Packed in poly bags separately in
compartmental wooden case.
$64.00 Ppd. Order #70,8218S.
Edmund Scientific Co., Barring-
ton, New Jersey 08007.

AMAZING
NEW HOLOGRAMS

Now evaluate tremendous impact
of almost unbelievable new 3-D
photo-technique for small cost.
Simple transmission-type holo-
gram result of splitting laser beam.
Dimension appears carved in
stone. Cut in half repeatedly—
parts still contain full scene. Fan-
tastic future potential. Use slide
projector light source or flashlight
bulb filament. Filter incl. 4”7 x
33%” Hologram. $15.00 Ppd. Or-

der #40,969S.2” x 17%”. $4.50 Ppd.
#30,574S. Edmund Scientific Co .
Barrington, New Jersey 08007

ANALOG
COMPUTER KIT

Demonstrates basic analog com-
puting principles. Can be used for
multiplication, division, powers,
roots, log operations, trlg prob-
lems, physics formulae, electricity
and magnetism probiems. Oper-
ates on two flashlight batteries.
Electric motor and 3 potentiom-
eters mounted on die-cut box.
Answer indicated on dial. 2()”
long, 9” wide, 2” deep. $14.9.
Ppd. Order Stock No. 70 34lb
Edmund Scientific Co., Barrmg-
ton, New Jersey 08007.

ASTRONOMICAL
TELESCOPE KITS

Grind your own mirror for power-
ful telescopes. Kits contain fine
annealed pyrex mirror blank, tool,
abrasives, diagonal mirror, and
eyepiece lenses Instruments you
build range in value from $75 to
hundreds of dollars. 4}4” diam.,

34” thick, $8.00 Ppd. —Order
#70 003s; 6” diam., 1” thick,
SIZ 95 Ppd.—#70,0045; 8” diam .

13%” thick, $21.00 Ppd. ——#7() ()Uab
ll)” diam., 1377 thick, $34.25

FOB—#70,006S8. Edmund Scien-
tific Co., Barrington, New Jersey
08007.

CAR OF THE FUTURE

HERE NOW!

One of most impressive science
toys we've seen. Low friction air
car rides a fraction of an inch
over any surface, including water.
Graphically demonstrates same
principles that apply to Ford’s and
Curtiss-Wright’s new wheelless
aircars. sturdy red and yellow
plastic. 8” wide, 9” deep, 2” high
with 4”7 propeller Operates on 2
flashlight batteries (not incl.).
8” control line, bal:tery case.
$2.98 Ppd. Order #70,307S. Ed-
mund Scientific Co., Barrington,
New Jersey 08007.
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Journal of Metals, Vol. 18, No. 5,
pages 563-569; May, 1966.

MEDICAL THERMOGRAPHY

MepicAL THERMOGRAPHY: A SUMMARY
oF CUrreNT StaTUs. ]. Gershon-
Cohen, J. D. Haberman-Brueschke
and E. E. Brueschke in Radiologic
Clinics of North America, Vol. 3, No.
3, pages 403-431; December, 1965.

PictoriaL HeaT Scanninc. K. Lloyd
Williams in Physics in Medicine and
Biology, Vol. 9, No. 4, pages 433—-456;
October, 1964.

THERMOGRAPHY AND ITS CLINICAL Ap-
PLICATIONS. J. Gershon-Cohen and
R. Bowling Barnes in Monograph of
the New York Academy of Sciences,
Vol. 121, Article 1; October 9, 1964.

THERMOGRAPHY: A NEW TooL IN INVES-
TIGATION OF BREAST LEsions. Ray
Lawson in Canadian Services Medi-
cal Journal, Vol. 13, No. 8, pages
517-524; September, 1957.

LIVING PREHISTORY
IN INDIA

THE CULTURE AND CIVILIZATION OF AN-
CIENT INDIA IN HisTORICAL OUTLINE.
D. D. Kosambi. Routledge and Kegan
Paul, Ltd, 1965.

AN INTRODUCTION TO THE STUDY OF
InpiaN History. D. D. Kosambi.
G. R. Bhathal for Popular Book De-
pot, Bombay, 1956.

MytH AND REALITY: STUDIES IN THE
ForMmAaTION OF INDIAN CULTURE.
D. D. Kosambi. Popular Prakashan,
Bombay, 1962.

MATHEMATICAL GAMES

DirrFeRENTIAL GAMES: A" MATHEMATI-
cAL THEORY WITH APPLICATION TO
WARFARE AND Pursuit, CONTROL,
AND OptiMiZATION. Rufus Isaacs.
John Wiley & Sons, Inc., 1965.

THE GaME Is Hot. Leo Moser in Recrea-
tional Mathematics Magazine, Vol. 1,
No. 3, pages 23-24; June, 1961.

KavyLes. W. W. Rouse Ball in Mathe-
matical Recreations and Essays. The
Macmillan Company, 1960.

THE AMATEUR SCIENTIST

FunpaMENTALS OF OpTics. Francis A.
Jenkins and Harvey E. White. Mc-

Graw-Hill Book Company, Inc,
1950.
A New Microscopric PrincipLE. D.

Gabor in Nature, Vol. 161, No. 4098,
pages 7T77-778; May 15, 1948.



What happened when §
GE let Ivar Giaever
follow a hunch?

Superconductive tunneling happened.

Electron tunneling had been demonstrated in semiconductor devices
called tunnel diodes. At General Electric’s Research and Development Center in
Schenectady, Ivar Giaever got an idea that tunneling also might be observed
between metals.

After two years of experiments, the 37-year-old Norwegian-born physicist
showed that tunneling occurs between two superconducting metal films separated by
an insulating layer only 1/10,000,000 of an inch thick.

Dr. Giaever’s contributions to knowledge about superconductivity
and tunneling phenomena won him the 1965 Oliver E. Buckley prize, a major award
of the American Physical Society.

Ivar Giaever’s continuing special interest is fundamental electronic
phenomena. It’s also one of ours. At GE, he gets the encouragement, the equipment
and the time he needs.

There are hundreds of talented scientists like Ivar Giaever at General
Electric, working in nearly every field you can think of. Their discoveries continue
to make major contributions to the world’s scientific knowledge.

Progress /s Ovr Most Important Product

GENERAL @D ELECTRIC

For information about opportunities in your field, write Dr. D. K. Baker, GE Research and Development Center, P, O. Box 8, Schenectady, New York 12301.
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a few dewars of helium, please

Helium...a most versatile element. Odorless,
tasteless, colorless, non-toxic, non-flammable,
completely inert. Delivered to your door by Airco
Industrial Gases Division.

A most remarkable element, too. Boils at
—452°F. And with a little pressure turns solid
at —456°F. Superleaks through incredibly small
holes. Finds its way into practically every area of
scientific research. Masers, lasers, superconduc-
tivity, optics, cryomagnets, space vehicles, chro-
matography, absorption studies and a host of
others.

Airco’s experience with helium is of long
standing. Shielded arc welding by Airco Welding
Products. A diluent in anaesthetics for surgery by
our OhioMedicalProducts Division. Helium cryo-
genic equipment by our Hofman-Paul Cryogenic
Division.

Unlocking the secrets of nature or developing
a new commercial process? Airco experience
with helium and cryogenic equipment can make
your task more fruitful. For a dewar of helium...
or a trailerful...call “Helium”... Air Reduction
Company, 150 E. 42nd St., New York, N.Y. 10017.

IRCU
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