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Eastern opens The Space Corridor.

Along it lie 4 key centers of aerospace activity. The kind of service that hos made Eastern the
Boeing in Seattle. McDonnell in St. Louis. The choice of one in six of the nation’s air passengers.
George C. Marshall Space Flight Center in Hunts- A reservation confirmed in seconds.
ville. And Cape Kennedy. A leisurely meal with your choice of gourmet
Now Eastern links them all in one direct route. entrées. Expertly prepared.
With daily round-trip jet service from Seattle to And a competence of flight ond maintenance
Orlando and Melbourne. personnel second to none.
The Space Corridor means new convenience for Because we offer more than a shortcut to space.
the traveler. As well as a new kind of service. We make it more enjoyable getting there.
EASTERN

We want everyone to ty
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Beech Aircraft supplements large
computers with Monroe electronic
printing calculators for support in
working out stress problems.

For other kinds of business stress,
we have other calculators.

“Computers are fine when you
have long, complex problems,” says
Roger Stevens, Staff Assistant at
Beech Aircraft Company, one of the
leading manufacturers of private, mil-
itary and business aircraft. “‘But
sometimes our engineers need quick
answers to less complex, shorter prob-
lems. Often a test flight will turn up
a stress problem without time to pre-
pare a computer program or available
computer time. So the engineers turn
to a programmable EPIC® electronic
printing calculator and work out the

answers themselves, on the spot. It
saves time and it saves money. More
important, our Monroe EPIC gives
the engineer a flexible, figure-work
tool under his immediate control.”

Beech engineers also appreci-
ate the flexibility of the EPIC calcu-
lator. No longer is it necessary to
work out problems twice to check the
accuracy of a solution; verification is
now a simple matter of checking the
figures on a paper tape.

Nor does the EPIC end its use-
fulness there. It does complex calcu-
lations and works out square roots in
afraction of a second. And it can per-

form the most difficult calculations
just as easily as it handles the most
ordinary problems.

Monroe first introduced its
solid-state electronic printing calcu-
lators two years ago. Today, we sell
more different kinds of calculators
than any other company in the world.
Which means you're assured of find-
ing the right calculator for your par-
ticular operation, without having to
pay for more computing sophistica-
tion than you actually need.

Write or call your nearest

Monroe representative for informa-
tion on the full line of full-value
Monroe calculators. You can depend
on them.

MONROE [B

© 1968 MONROE INTERNATIONAL, ORANGE, N.J. A DIVISION OF LITTON INDUSTRIES
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Can a man fall in love with his car?

That depends.

If the car is a fickle, unreliable, at-
tention-demanding shrew, he’s liable
to be a little short on affection.

But if she happens to be a slim,
lovely thoroughbred that performs like
a dream, asks little, and is always ready
to give her utmost, well...a man is only
human, isn’t he?

Nowadays,a lot of men are discover-
ing that one particular car can add a
lot of spice to life.

The car is the brilliant new BMW

2-door sedan, built by the Bavarian
Motor Works especially for the sports-
man.

What's she like?

Dazzlingly fast. Actually cruises at
100 mph. In fact, in Germany, where
high-speed driving is a national sport,
BMW leads the pack.

Amazingly nimble. Features a fully-
independent suspension for surefooted
roadholding that makes her as safe as
she is fast.

And charmingly well-mannered.

© 1968 SCIENTIFIC AMERICAN, INC

Priced under $2600, delivers up to 30
miles to a gallon, and turns up her nose
at repair shops.

Can a man fall in love with his car?
If the car is the new BMW, how could
he help it?

Drop in on your BMW dealer. He'd
like to introduce you to a little beauty.

Suggested retail prices start at $2,597 P.O.E. New
York. U.S. Importer: Hoffman Motors Corporation,
375 Park Avenue, New York, N.Y., 1862 S. La
Cienega Blvd., Los Angeles, Calif. Dealers coast to
coast. Advantageous European Delivery Program,
Write for free brochure.

Bavarian Motor Works

The Sportsman’s Car
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Designed for
the individualist.
Enjoyed by the many.
Admittedly, the Garrard automatic
transcription turntable is meant for
the highly critical listener. Therefore,
it is particularly interesting that more
owners of component stereo systems
use Garrards than all other automatic
turntables combined. This overwhelm-
ing preference by people who know
high fidelity has many reasons, but,
they all mean one thing: quality.
You can depend on a Garrard for
flawless performance, not only when
you buy it, but for years to come. An
example is the SL.95, shown above.
One of its superlative features is
synchronous speed...the ability to
turn your records at a perfectly con-
stant rate for perfect sound...always,
for as long as you use this superb in-
strument. The SL 95 is $129.50. Other
Garrard models are from $37.50.
. For a complimentary, full color,
20-page Comparator Guide, see your
dealer or write: Garrard, Dept. AB-16,
Westbury, N.Y. 11590.

M ’
World’s Finest
British Industries Corp., a division of Avnet, Inc. .
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THE COVER
The painting on the cover shows, in whole or in outline, eight of the 100-
odd “Venus figurines” that have been found at Paleolithic sites in Europe
from western France to the Don valley in the U.S.S.R. The figurine shown
in the round is the one uncovered at Willendorf in Austria; it is reproduced
two-thirds actual size. The figurines in outline were drawn at a comparable
scale by André Leroi-Gourhan to facilitate study (see “The Evolution of
Paleolithic Art,” page 58). As the red lines show, the figures were modeled
according to a common convention whereby the bulk of the trunk—breasts,
belly and pelvis—lies within the circumference of a circle, and the figures’
sharply tapered legs and narrow shoulders lie close to the limits of isosceles
triangles with bases of the same width as the circle’s diameter. Although
widely distributed in space, the Venus figurines all seem to have been
created during the same general time interval in the Upper Paleolithic,
between 20,000 and 18,000 B.c. The seven Venus figurines in outline
(left to right and top to bottom) are from Gagarino in the U.S.S.R.,
Vestonice in Czechoslovakia, Lespuge in France, Kostenki in the U.S.S.R,,
Gagarino in the U.S.S.R., Laussel in France and Balzi Rossi in Italy.
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shooting for lower
copy cost?..
Apeco. Super-Stat
copymaker

You may not be able to match Arnold Palmer’s golf score but you can match his

copying cost and that's about 35% lower than average, too. The Apeco Super-Stat
Copymaker gives you this lower cost plus portability, complete safety for your

originals and the versatility of being able to copy from bound books or even three dimensional
items. So join Arnie and pay less and get more with an Apeco Super-Stat.

Arnold Palmer’s golf instruction booklets, “Tee Shots and Fairway Woods,” “Hitting &
the Irons,” “’Chipping and Pitching “ and “Putting” free when you see a demonstration of
the Apeco Super-Stat. To arrange a demonstration in your office, phone the Apeco office or
representative in your city.

APECO AMERICAN PHOTOCOPY EQUIPMENT COMPANY, 2100 WEST DEMPSTER STREET, EVANSTON, ILLINOIS 60204
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Two new
textbooks
that
encourage
inquiry

and
independent
thinking

BSCS HIGH SCHOOL
BIOLOGY: Green Version

NEW second edition of this widely
used version of the Biological
Sciences Curriculum Study. The Green Version is
organized around the ecological approach to the
study of science and emphasizes the interrelated-
ness of all living things. Through inquiry, obser-
vation, and experimentation students develop a
scientific appreciation of the world around them.

Laboratory exercises were extensively revised and
integrated into the textbook. The investigations at
the beginning of the book are detailed and guide
the student step-by-step. But, as the student’s
laboratory proficiencies increase, his responsibili-
ties are gradually increased. Near the end of the
course, the student is required to devise labora-
tory experiments of his own,

INTERACTION OF
MATTER AND ENERGY

A totally new kind of introduc-
tion to physical science for 8th
\ and 9th grade students. Inter-
L actlon of Matter and Energy is unsur-
passed as a background for those students who go
on to the biological sciences in high school, but it is
also a sound science program for boys and girls who
will end their study of science at the junior high
school level.

IME uses laboratory investigation as the major
vehicle for the understanding of science, and places
responsibility on the students to examine and eval-
uate data they gather during experiments. It guides
students toward a basic understanding of major
principles of physical science while stressing the
interdisciplinary nature of science.

RAND MSNALLY & COMPANY

F————————————————

Learn more about these two new textbooks now.
Mail coupon for full information.

Rand M¢Nally & Company

School Department

P.O. Box 7600

Chicago, Illinois 60680

Please send me complete details on the text-
book(s) checked below.

|
|
|
|
|
|
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‘[ BSCS HIGH SCHOOL BIOLOGY : I
I
I
|
|
|
I
|

GREEN VERSION
[J INTERACTION OF MATTER AND ENERGY

Name

School

Address
City State Iip

———— — ——— — — — . . s o s ]
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LETTERS

Dr. J. R. Clamp of Bristol University
has drawn my attention to a historical
error in my article “The Structure of
Antibodies” [SCIENTIFIC AMERICAN,
October, 1967], and has supported his
evidence with a certified copy of the
relevant death certificate.

In discussing the proteins found in
the urine of some myeloma patients and
now known as the Bence-Jones proteins,
I stated that they were observed first at
Guy’s Hospital by Dr. Henry Bence-
Jones. In fact the patient, a grocer named
Thomas Alexander McBean, lived and
died in his house at 37 Devonshire Street
in London. His death was attributed to
atrophy from albuminuria. The original
observation of the heat-precipitable pro-
tein was made by his general practi-
tioner, Dr. McIntyre, who sent urine
samples through Dr. Watson to Dr.
Bence-Jones, a member of the staff of
St. George’s Hospital. Dr. Bence-]Jones’s
investigations of the protein were car-
ried out in the laboratories of University
College. I am afraid that Guy’s Hospital
was not involved in any way.

Since Bence-Jones proteins have
played such a large part in unraveling
the structure of immunoglobulins, it is
perhaps worthwhile to get the history of
their discovery correct.

R. R. PORTER

University of Oxford
Oxford

Sirs:

In the present epoch our galaxy con-
tains about a billion stars that are at
least twice as massive as the sun. The
least luminous of these stars will exhaust
the nuclear fuel available to them in less
than a billion years; the brighter ones
can go on shining for less time than
that. Among objects having more than
two solar masses we may therefore say
that “star deaths” must now occur at an
average rate somewhat higher than one
per year.

This rate is several hundred times
faster than the rate of supernova out-
bursts in our galaxy. Therefore it cannot
be true that most of these massive stars
evade the fate of gravitational collapse
by exploding, as one might infer from
Kip S. Thorne’s article “Gravitational

© 1968 SCIENTIFIC AMERICAN, INC

Collapse” [ScieEnTiFic AMERICAN, No-
vember, 1967]. Neither is it necessary
to suppose that for all stars more mas-
sive than 1.2 solar masses the evolution-
ary process must terminate in a nuclear
explosion or in gravitational collapse.
Whereas it is true that such massive
stars cannot become white dwarfs, they
may nevertheless evade both of the al-
ternatives Dr. Thorne has allowed them.
Probably they accomplish this by the
simple expedient of mass loss in non-
explosive, quasi-steady stellar winds.
Astronomers have long had abundant
spectroscopic evidence that most mas-
sive stars generate such mass flows dur-
ing the evolutionary stage when they are
red giants or supergiants, and recent ob-
servations in the rocket ultraviolet show
that comparably massive flows arise from
massive stars of high temperature.

Much remains to be learned about
these nonexplosive stellar winds. The
most familiar example, and the best un-
derstood, is the solar wind itself. It ap-
pears to be driven by a flux of energy in
the form of acoustic waves, or magneto-
hydrodynamic waves, that are generated
in the hydrogen convective zone below
the visible surface of the sun. There is
some reason to believe that a similar
process drives the circumstellar flows we
have observed in many more massive
stars. The details of these stellar winds
remain uncertain, and we find it difficult
to estimate accurately with what effi-

Scientific American, February, 1968; Vol. 218,
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Subseription  correspondence  should be ad-
dressed to Jerome L. Feldman, Circulation Man-
ager. SCIENTIFIC AMERICAN, |15 Madison Avenue,

New York, N.Y. 10017.

Offprint correspondence and orders should be
addressed to W. H. Freeman and Company,
660 Market Street, San Francisco, Calif. 94101
For cach offprint ordered please enclose 20 cents.

Microfilm correspondence and orders should
be addressed to Department SA, University Micro-
| films, Ann Arbor, Mich. 48107.

| Subsecription rates: one year, $8; two years, 8153
three years, $21. These rates apply throughout
the world. Subscribers in the United Kingdom may
remit to Midland Bank Limited, 69 Pall \I1ll Luu
don SW 1, England, for the account of £
tific American, Inc.: one year, two pounds 18 slnI
lings; two years, five pounds eight shillings; three
vears, seven pounds 11 shillings.

Change of address: please notify us four weeks
in advance of change. If available, kindly furnish
an address imprint from a recent issue. Be sure to
give both old and new addresses, including ZIP-
code numbers, if any.




ciency they reduce the masses of the
stars from which the winds are known
to blow. But there is no doubt that these
flows are orders of magnitude more mas-
sive than the solar wind, and there can
be little doubt that they play a dominant
role in transferring matter from stars into
the interstellar medium.

The bizarre phenomenon of gravita-
tional collapse may indeed occur, as Dr.
Thorne has so skillfully described it. But
it is necessary to correct the misappre-
hension that, for most stars more massive
than the sun, gravitational collapse is the
only alternative to nuclear explosion.

ArMIN |. DEUTSCIT

P.S. According to Chandrasekhar
A fully degenerate star
Continues to glimmer,
Forevermore dimmer,
Disdaining what’s brusque or

bizarre.

But stars that have greater than one
And two-tenths the mass of the sun
Close space in around them—
Which is why no one’s found them—
With nuclear fusion all done.

A.].D.

Mount Wilson and Palomar
Observatories
Pasadena, Calif.

Sirs:

I am pleased that Dr. Deutsch has
raised the issue of what fraction of all
stars in our galaxy die by collapse, what
fraction by explosion and what fraction
by contraction to the white-dwarf stage.
This is an issue I avoided in my article
because it is fraught with uncertainties.

I am in substantial agreement with
everything that Dr. Deutsch says. Wher-
ever there appears to be a conflict be-
tween my article and his letter, it is due
merely to our use of different terminol-
ogy. When I quote stellar masses as the
factor that determines the type of death,
I always refer to masses at the end
point of the normal stages of evolution—
after all mass loss is finished but be-
fore “death” occurs. When Dr. Deutsch
quotes stellar masses, he refers to masses
during the main-sequence stage of evo-
lution, before substantial mass loss has
occurred.

Kir S. TrorNE

California Institute of Technology
Pasadena, Calif.

It costs a little over $4000 to replace
your crummy old second car with a Rover 2000.
What do you figure it would cost to replace

your wife and kids?

We think it’s a dim-witted idea that any
old car will do to take a wife to the supermarket
and shuttle the kids to Little League.

Driving is hazardous enough these days
without trusting the safety of those you love
most to some aging jalopy.

The Rover 2000 was designed to avoid
accidents whenever possible and to protect its
occupants when an accident is unavoidable.

Write Leylanc

lotor Corp. of North America,

I 11 Galway Place, Teaneck, New Jersey 07666.

We'll tell

'ou how, by spending a bit more,

The Rover 2000

If you can read English
you can assemble a Schober Organ
and be a musical participant!

Isn’t it time you became a musical partici-
pant, rather than just a listener? The organ
is the instrument adults learn to play, be-
cause they play so well with so little effort.

And the best way to own an organ is
to assemble your own from Schober’s 100
percent complete Kkits, with the firm, step-
by-step guidance of Schober’s famous
crystal-clear, nontechnical instructions
that thousands of entirely untechnical
people have followed successfully.

If you want to play everything from
Bach to Cole Porter, you can choose the
Recital Organ (right), physically and
tonally so like a fine pipe organ that many
people can’t tell the difference. Every-
thing you need (if you use your own hi-fi
or stereo system for the sound) costs only
$1725. You can pay as you build, to
spread the expenditure, and you couldn’t
buy the equivalent elsewhere for less than
twice that price. Or you may choose
another Schober Organ model. They start
at $645. Schober’s enjoyable self-teaching
courses give you musical results immedi-
ately, and the more you play the better
you get.

Over 50% of Schober Organ owners
never handled an electronic job before
and didn’t play a note, yet assembled
some of the best organs ever designed
and get a daily thrill from making their
own music. Isn’t it time for you to take
this cost-saving road to greater musical
pleasure—and enjoy the satisfaction of
doing it yourself?

The pipelike Recital Organ

-

FREE INFORMATION AND DEMONSTRATION RECORDING

Send today for your free copy of Schober’s 16-
page, full color booklet, plus 7” free recording.

LR KN N W )

|
I' The Schober Organ Corp., Dept. SA-8 |
I 43 West 615t Street, New York, N.Y. 10023 |
I [0 Please send me Schober Organ Catalog and |
I free 7-inch ‘‘sample’” record.
| (] Enclosed please find $1.00 for 12-inch I
| L.P. record of Schober Organ music. I
I NAME 1
| ADDRESS |
I CITYo STATE . . ZIPNO. . . -:

o s e s e o - —
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TRW
is where
things happen

Take a look at our buildings and labo-
ratories in Los Angeles. Add our
modern facilities in San Bernardino,
Houston, Cape Kennedy and Wash-
ington, D.C. Within these facilities
and through the combined efforts of
more than 16,000 people working
together, TRW Systems Group has
built more kinds of spacecraft than
any other U.S. manufacturer. We're
working on re-entry vehicles, building
low thrust rockets and geophysical
satellites. There's more to us than
buildings. There's activity, enthusi-
asm, professionalism...people. In
this environment you can find it easy
to make things happen.

Send your resume today to:
Professional Placement, Room
1501-B, TRW Systems Group, One
Space Park, Redondo Beach,
California 90278.

We need men and women in:
Management Systems Analysis /
Programming Analysis / Project Pric-
ing / Antenna Systems / Control
Systems / Communications / Manu-
facturing / Guidance and Control /
Sensor Systems / EMC/RFI Sub-Sys-
tems / Cabling Design / Payload Inte-
gration / Spacecraft Integration &
Test / Aerosciences [/ Propulsion
Technology / Chemistry and Mate-
rials / Computer Sciences / Systems
and Mission Analysis / Engineering
Mechanics.

®
TRW is an equal opportunity employer, m/f.
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FEBRUARY, 1918: “Unless the Al-
lies and ourselves exert every effort in
turning out airmen and flying machines,
we are not going to have that superior-
ity over the German air forces which
we look forward to sometime this year.
Spurred by the rumors of increased Al-
lied production and the tremendous pro-
gram of the U.S., Germany has been
frantically turning every factory that
could possibly be spared from other work
into an airplane plant. It is estimated
by French authorities that the German
air fleet presently numbers about 300
squadrillas, or a total of 2,500 machines.
These are probably divided as follows:
bombarding squadrillas, 23; chasers, 40;
protection squadrillas, 30; patrol squa-
drillas, 80; artillery squadrillas, 100; to-
tal, 273. These only represent the
materiél of the armies at the various
fronts, and to them must be added the
airplanes and seaplanes of the navy.
Again, there are a dozen or more garri-
son squadrillas in the interior of Ger-
many and a dozen or more training
camps.”

“The Navy is in urgent need of binoc-
ulars, spyglasses and telescopes. The
use of the submarine has so changed na-
val warfare that more ‘eyes” are needed
on every ship in order that a constant
and efficient lookout may be maintained.
Heretofore the U.S. has been obliged to
rely almost entirely on foreign countries
for its supply of such articles. These
channels of supply are now closed and,
as no stock is on hand in this country to
meet the present emergency, it has be-
come necessary to appeal to the patriot-
ism of private owners to furnish ‘eyes
for the Navy.” Several weeks ago an ap-
peal was made through the daily press,
resulting in the receipt of over 3,000
glasses of various kinds, the great ma-
jority of which have proven satisfactory
for naval use. This number, however, is
wholly insufficient, and the Navy needs
many thousands more. All articles should
be securely tagged, giving the name and
address of the donor, and forwarded by
mail or express to the Honorable Frank-
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lin D. Roosevelt, Assistant Secretary of
the Navy, care of the Naval Observatory,
Washington, D.C,, so that they may be
acknowledged by him.” ‘

“Lieut. Papa has beaten his own
world’s record for high flying with a pas-
senger, says the Milan correspondent of
the London Times. In an Italian machine
he rose to 7,075 meters (23,200 feet), re-
turning to camp after an hour and five
minutes’ absence. He broke the record
last May, rising to 6,435 meters (21,000
feet). Lack of oxygen prevented an even

higher flight this time.”

FEBRUARY, 1868: “The inventor of
‘blasting oil,” Mr. A. Nobel of Hamburg,
writing to the London Times relative to
the recent nitro-glycerin disaster at New-
castle, Eng., bitterly complains that the
introduction of this valuable explosive,
owing to the accidents resulting, as he
afterwards shows, from gross careless-
ness, has been systematically opposed,
and he thinks it is high time that the
public should know that nitro-glycerin
has won its battle over prejudice and
obtained far too firm a footing in several
countries ever to be banished from use
unless it be by something better. Then
follows a list of nitro-glycerin accidents
which have come to his knowledge, and
in looking over the list it must be ad-
mitted that the substance has been very
strangely abused. This list is published
that these accidents may serve as a warn-
ing against similar attempts to perform
these feats, but the inventor protests
against the narrow view of trying to
check the career of any improvement on
the plea of liability to accidents. “There
is,” says he, ‘a very easy way of getting
rid of them; we need only prohibit the
use of steam, fire, poisonous substances,
cutting tools, firearms, explosives, etc.,
and return to those days when ignorance
and safety went lovingly hand in hand.
But unless civilization is to be stopped,
we cannot possibly confine the commu-
nity to those articles only which it is dif-
ficult or even impossible to abuse. Some-
thing must be left to the understanding,
and it is an excellent regulator.””

“In a lecture delivered before the
British Association at Dundee, Profes-
sor Alexander Herschel made the fol-
lowing curious observation:—‘A question
which at present agitates the minds of
physica] astronomers is to ascertain



Report from

C. H. Coker adjusts controls which change the outline of the ‘‘vocal tract” simulated on the
oscilloscope. At the same time, he hears the sound corresponding to the displayed shape.
Desired vocal-tract shapes (representing sounds) can be stored in the computer memory.

Bell Laboratories’ computerized vocal-tract d
model. (Head outline added.) The various
parts can be positioned to imitate any
speech sound. The model displays tract
length versus cross-sectional area. It is
based on anatomical measurements of the
vocal tract made by a number of acous-
ticians.

A feature of the model is that it repro- ‘“v
duces the transition sounds between word N I I o
fragments. The nonsense word eedah, for =
example, consists of ee plus d plus ah. But ' -
the d is not the same as in, say, eedee. |
That is, the d is noticeably affected by ==
context. Coker handles this by storing dy- l
namic properties of the vocal articulators el
(the tongue, lips and jaw). The program Y
automatically incorporates these properties 0O 8 16

in assembling word fragments. 2
CROSS-SECTIONAL AREA IN CM

d ah ee d ah

4 ' .IIII ‘ ’
. === -

S %6 ST

Comparison of nonsense word ‘‘eedah,” pronounced by a human (left) and by Coker’s
program. These speech spectrographic patterns represent time (horizontal scale), fre-
quency (vertical), and intensity (line density). The dark bars are called ‘‘formants’ and
are characteristic of speech sounds. The technique for making these diagrams was
conceived and developed in the early 40’s at Bell Telephone Laboratories.
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See a computer talk

Speech, one of the most complex
of human activities, is studied as
part of the continuing communica-
tions research at Bell Telephone
Laboratories. But the speech mech-
anism has always been difficult to
analyze: vocal-tract movements—
crucial to the formation of mean-
ingful acoustic signals—are mostly
obscured from sight and are not
easily measured. Now our under-
standing of speech is being ad-
vanced through a computerized
simulation of thevocaltract devised
by Cecil H. Coker of Bell Labora-
tories and Osamu Fujimura of the
University of Tokyo, who worked
at Bell Labs as a consultant.

The model (displayed on an
oscilloscope, left) resembles the
actual vocal tract and shows its
principal parts. The parts can be
moved either automatically by the
computer program or by manual
controls on the computer panel.
The program calculates speech
data corresponding to the dis-
played vocal-tract shape and de-
livers these data to an electronic
speech synthesizer, designed by
Coker. The synthesizer then gen-
erates a sound corresponding to
the tract shape. Hence the re-
searcher can hear the synthetic
output at the same time he sees
the tract motion.

The model accurately reproduces
not only individual speech sounds
but, for the first time, the subtle
transitions that connect these
sounds. It also demonstrates that
these transitions are vital to clarity
and realism.

The system produces patterns of
frequency and energy (spectro-
grams) very like a human's (left).
And it passes a more difficult test:
pronouncing speech sounds which
are understandable even when
taken out of context.

Bell Telephone Laboratories

Research and Development Unit of the Bell System



There’s Music in the Air!

Tape it with a Sony Solid-State Stereo 560

There’s a world of beautiful music waiting for you and it’s yours for the taping. Let Sony-superb 4-track
stereo capture every note faithfully while you relax in your easy chair. Simply connect your stereo tuner
to the Sony Solid-State 560, ““Stereo Compact Portable,” and tape your favorites off the air. Here is the
nucleus of a complete stereo sound system with an ESP automatic reversing stereo tape recorder as its
main component. The Sony-unique Stereo Control Center permits four separate stereo components to
be connected to its stereo preamplifier and 20-watt music power amplifier. Push buttons select your
component source for listening or recording. Individual input level controls balance output whenever
you switch between components. Sony’s revolutionary ESP Reverse electronic brain constantly scans and
automatically senses the voice of music modulations on your recorded tapes. When these modulations
stop, the ESP (Electronic Sensory Perceptor) automatically reverses the tape direction in 10 seconds. The
Sony Solid-State 560 incorporates the most advanced electronic developments for sound-quality control.
The Sony-exclusive Servo-Control Motor provides, among other things, the flexibility of AC/DC
operation and variable musical pitch tuning. Non-Magnetizing Heads eliminate the most common cause
of tape hiss. The exclusive Scrape Flutter Filter eliminates tape modulation distortion providing the
purest recordings ever. An exclusive Noise Suppressor Switch eliminates any undesirable hiss that may
exist on older recorded tape without affecting the sound quality. All of this is yours, with two Sony F-98
cardioid dynamic microphones for less than $499.50! Check these Sony-exclusive features for luxury
listening: M ESP Automatic Tape Reverse B Stereo Control Center MScrape FlutterFilter B ServoControl
Motor B Noise Suppressor Switch B Non-magnetizing Heads.

SONY'S PROOF OF QUALITY — A FULL ONE YEAR WARRANTY

SO NY SUPERSCOPE [ The Tapeway to Sm-r:

8150 VINELAND AVENUE e« SUN VALLEY, CALIFORNIA + 91352

Sony Solid-State 560D ESP Automatic Reverse Stereo Tape Deck Recorder. If you already have components or a package
stereo system, simply connect the Sony Solid-State 560D Stereo Tape Deck Recorder and add the incomparable advantage
of stereo tape to your present stereo sound system. Here is the same superb ESP ‘Reverse stereo tape deck that is the
main component of the Sony 560. You will find every feature and the same advanced electronic developments for sound-
quality control less the Stereo Control Center and speakers. Yet, mounted in its own handsome, low-profile walnut cabinet
with recording amplifiers and playback preamplifiers, the Sony 560D sells for less than $349.50!
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whether a slight acceleration of the
moon’s apparent motion can be attrib-
uted to an error in calculation, or wheth-
er the earth in the course of ages has lost
in its speed of rotation. The lunar tables,
which exactly represent the moon’s ap-
parent motion at the present time, do not
absolutely give the hour of an eclipse
which happened when the sun was set-
ting at Babylon some hundred years B.c.
The eclipse began, according to the ta-
ble, when the sun was already below the
horizon, and it would be invisible at Bab-
ylon. But if the earth’s rotation had been
a little more rapid in former times than
at present, the sun, instead of having set,
would have appeared eclipsed before
its setting, as was indeed the fact. To
account for this change in motion, the
friction of the tides having been con-
sidered, a slow accumulation of meteor-
ites upon the earth’s surface would un-
doubtedly diminish its speed of rotation.
The change of a hundredth part of a sec-
ond in the length of the day, since the
earliest observations, would explain the
existing discrepancy.”

“M. Lenormant, a member of the
French Academy, has been devoting
considerable attention to the study of an
interesting Egyptian papyrus, just add-
ed to the collection of the British Muse-
um. This ancient relic contains a frag-
ment of a treatise on geometry applied
to surveying, including a description of
the modes of estimating the areas of
a square, a parallelogram and various
kinds of triangles, as well as a computa-
tion of the area of an irregular figure by
means of triangles and of the volume of
a pyramid, the whole being illustrated
by appropriate diagrams. M. Lenormant,
in a report to the Academy, refers the
production of this papyrus to the period
of the 12th dynasty, which would be
contemporaneous with the reign of Solo-
mon.”

“To the astronomer determining the
colors of the stars is a subject of much
interest, and different observers vary
greatly in their opinions in this respect
as to particular stars. For the sake of a
more definite and reliable means of de-
termination, a simple contrivance has
been recently invented, consisting of a
series of vials filled with solutions of
known tints and attached to a revolving
drum. A platinum wire is rendered in-
candescent by means of a galvanic bat-
tery, and as the vials are brought before
the light their colors can be distinctly
seen at night, and by successive com-
parisons with that of the star the exact
shade is found.”

profile
of a

research effort

The Los Alamos Scientific Laboratory
in support of its programmatic effort
expends a substantial portion of its
time and energy conducting basic
research. The ratio of its scientists and
engineers who hold the Ph.D. degree to
its total research staff is greater than
one in three.

Basic research is carried on in the
following areas: elementary particle
physics, space physics, neutron physics,
meson physics, atomic and molecular
physics, reactor physics, plasma phys-
ics, molecular and cellular biology, cryo-

genics, physical chemistry, inorganic
chemistry, fluid flow phenomena, hydro-
dynamics, magneto hydrodynamics,
materials science, and others.
Theoretical and experimental physicists
and chemists, chemical, mechanical and
electrical engineers, biochemists and
mathematicians, and specialists in other
disciplines participate in this activity.
A limited number of opportunities exist
for highly qualified scientists and engi-
neers in Los Alamos research programs.
Interested individuals are invited to send
resume to:

Director of Personnel
Division 68-20

‘alamos

# SCIENTIFIC LABORATORY

An Equal Opportunity Employer. U.S. Citizenship Required
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purer water, purer air

through UOP refining innovations

UOP is doing something positive to reduce
air pollution caused by sulfur dioxide from
industrial and residential furnaces. UOP's RCD
Isomax™ process is proving out in use to be
an efficient, economically feasible method for
desulfurizing heavy fuel oil. By making fuel
oils burn cleaner, this UOP process helps make
the air purer. Another new UOP process,
Pacol™, isan effective countermeasure against
one desperate problem of water contamina-
tion, caused by detergents that do not break

down by bacterial action. In use, this process
and an earlier UOP process, Molex®, improve
biodegradable detergents—for purer water.
Through innovation in service to the refining
industry, and in its direct activities in air
correction and water management, UOP brings
technical competence to bear on urgent prob-
lems of environmental control. For detailed
information about UOP products and serv-
ices, write to Universal Oil Products Company,
30 Algonquin Rd., Des Plaines, Illinois 60016.

the better ideas are at ! . .l
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JOHN F. HOGERTON (“The Arrival
of Nuclear Power”) is a consultant on nu-
clear power. He conducts a two-sided
practice, one in economic and market
research and the other in communica-
tion. In the first he is concerned with the
growth of the nuclear power industry
and with the supply of and demand for
uranium. In this capacity he is currently
a consultant to the U.S. Atomic Energy
Commission on a study of competition
in the nuclear power industry. The study
is sponsored jointly by the commission
and the Department of Justice. In com-
munication Hogerton serves as a consul-
tant and also writes extensively. Last
year the AEC awarded him a certificate
of recognition “for outstanding contribu-
tion to effective communication in nu-
clear science and technology.” Hogerton
was graduated from Yale University in
1941 and began work in the nuclear field
a year later. He started his independent
consulting practice in 1962.

EFRAIM RACKER (“The Membrane
of the Mitochondrion”) is Albert Einstein
Professor of Biochemistry at Cornell
University and chairman of the Section
of Biochemistry and Molecular Biology
in the university’s Division of Biological
Sciences. Born in Poland, Racker re-
ceived an M.D. degree from the Univer-
sity of Vienna in 1938. From 1938 to
1940 he was research assistant in bio-
chemistry at the Cardiff Mental Hospital
in Wales. He then spent a year as re-
search associate in the department of
physiology at the University of Minne-
sota and two years as an intern and re-
search fellow in pneumonia at Harlem
Hospital in New York City. From 1943
to 1952 he taught microbiology at the
New York University College of Medi-
cine. In 1947 he became a U.S. citizen.
From 1952 to 1954 he was associate pro-
fessor of biochemistry at the Yale Uni-
versity School of Medicine. He then
served on the staff of the Public Health
Research Institute of the City of New
York until he went to Cornell in 1966.

KEITH S. PENNINGTON (“Advanc-
es in Holography”) is on the staff of
the Thomas J. Watson Research Center
of the International Business Machines
Corporation. He was born in England
and was graduated in 1957 from the Uni-
versity of Birmingham. In 1961 he ob-
tained a Ph.D. in physics from McMaster

University in Ontario. From 1961 to
1967 he was a member of the technical
staff at the Bell Telephone Laboratories.
He writes that he “became interested in
holography as a possible means for mass
storage and processing of information
toward the end of 1963.”

ANDRE LEROI-GOURHAN (“The
Evolution of Paleolithic Art”) is professor
of ethnology at the University of Paris
(the Sorbonne) and director of the uni-
versity’s Center for Prehistoric and Pro-
tohistoric Studies. He is also associated
with the Musée de 'Homme in Paris.
Leroi-Gourhan has received doctoral de-
grees in both letters and science from the
University of Paris, the degree of doctor
of letters in 1945 and the degree of doc-
tor of sciences in 1954. He has partici-
pated in archaeological excavations in
the Far East, Tunisia and several coun-
tries of Europe and is director of the
School of Excavations of the University
of Paris. The most recent of his numerous
books on the prehistoric period is Trea-
sures of Prehistoric Art, which was pub-
lished in English in November.

RAYMOND HIDE (“Jupiter’s Great
Red Spot”) is director of the geophysical
fluid dynamics laboratory of the British
Meteorological Office. He assumed that
position recently after several years as
professor of geophysics and physics at
the Massachusetts Institute of Tech-
nology. Hide was born in England and
received a bachelor’s degree in physics
at the University of Manchester and a
Ph.D. in geophysics from the University
of Cambridge. He has held appointments
at the University of Chicago and, in En-
gland, at the Atomic Energy Research
Establishment in Harwell and at King’s
College of the University of Durham
(now part of the University of Newcastle
upon Tyne).

IAN MACLEAN SMITH (“Death
from Staphylococci”) is professor of in-
ternal medicineat the University of Iowa.
After his graduation in medicine from
the University of Glasgow in 1944 he
served in the Royal Navy. He then stud-
ied internal medicine and pathology at
the University of Glasgow, the Univer-
sity of London and the University of
Sheffield. He moved to the U.S. in 1949
and became a naturalized citizen. Among
the positions he has held in the U.S. were
a fellowship at Johns Hopkins Hospital
and one at Rockefeller University, where
he began the studies described in his ar-
ticle. He went to the University of Iowa
in 1955. His present work consists in the
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diagnosis and treatment of patients with
infection, research on staphylococcal dis-
ease and the teaching of medical stu-
dents and residents.

STANLEY COOPERSMITH (“Stud-
ies in Self-esteem”) is associate professor
of psychology and chairman of the de-
partment of psychology at the Univer-
sity of California at Davis. He was grad-
uated from Yeshiva University in 1946
and obtained a master’s degree at Bran-
deis University in 1955 and a Ph.D. from
Cornell University in 1957. Before as-
suming his present position in 1963 he
taught for several years at Wesleyan
University and briefly at the University
of Copenhagen. During 1966 he was a
guest scientist and consultant at the Na-
tional Institute of Mental Health.

VAGN FLYGER and MARJORIE R.
TOWNSEND (“The Migration of Polar
Bears”) are respectively at the Univer-
sity of Maryland and the Goddard Space
Flight Center of the National Aeronau-
tics and Space Administration. Flyger is
a research professor and head of the In-
land Resources Division of the univer-
sity’s Natural Resources Institute. Born
in Denmark, he was graduated from
Cornell University in 1948 with a bache-
lor’s degree in zoology and entomology.
In 1952 he received a master’s degree in
zoology and forestry at Pennsylvania
State University. Four years later he ob-
tained an Sc.D. in vertebrate ecology
from Johns Hopkins University. He has
worked for the state of Maryland in vari-
ous capacities since 1948, going to the
Natural Resources Institute in 1962. Be-
sides his work on polar bears he has
studied intensively the habits of the gray
squirrel and, on a visit to Antarctica in
1963, the habits of penguins and seals.
Mrs. Townsend is manager of the small-
astronomy-satellite project at Goddard.
The project is developing a series of sat-
ellites that will map the sky for X-ray
sources and make studies in other re-
gions of the electromagnetic spectrum.
Earlier she was involved in the develop-
ment of the satellite communication sys-
tem described in the present article. Mrs.
Townsend was graduated from George
Washington University in 1951 with a
degree in electrical engineering. She is
the wife of an obstetrician in Washing-
ton, D.C., and the mother of four boys.

H. BENTLEY GLASS, who in this
issue reviews The Biology of Ultimate
Concern, by Theodosius Dobzhansky, is
academic vice-president of the State
University of New York at Stony Brook.
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The great
LSI race.

While the rest of the semiconductor
industry tried to squeeze enough ICs on
a chip to get into the MSI/LSI busi-
ness, Fairchild turned systems inside
out. We were looking for an intelligent
alternative to component mentality.
Our investigation led to a whole new set
of design criteria for medium and

large scale integration devices.

A. computer isn’t a computer.

It’s a digital logic system. It has the same functional
needs as any other digital system: control, memory,
input/output and arithmetic. There’s no logical
reason to custom design a complex circuit for each
system. That's why Fairchild MSls and LSIs are
designed to function _ 7

as fundamental E
building blocks n
any digital logic
system. Even if
it's a computer.

]

A little complexity goes a long way.
Anybody can package a potpourri of circuitry and
call it MSI or LSI. But, that's not the problem. Why
multiply components, when you should divide the
system? Like we did. We found that sub-systems
have a common tendency toward functional overlap.
There are too many devices performing similar
functions. More stumbling blocks than building
blocks. Our remedy is a family of MSlIs and LSIs with
multiple applications. The Fairchild 9300 universal
register, for example, can also function as a modulo
counter, shift register, binary to BCD shift converter,
up/down counter, serial to parallel (and parallel to
serial) converter, and a half-dozen other devices.

Watch out for that first step.

There are all kinds of complex circuits. Some of them
have a lot of headache potential. Especially if you
want to interface them with next year’s MSIs and
LSIs. We decided to eliminate the problem before it
got into your system. All Fairchild building blocks
share the same compatible design characteristics.
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We’re also making the interface devices that tie them
together. For example, our 9301 one-of-ten decoder
can be used as an input/output between our universal
register, dual full adder ' k ‘ E E Q

and memory cell. ST R e RS
(It could also get a ‘
job as an expandable |
digital demultiplexer,
minterm generator

or BCD decoder.)

Hurry. Before the price goes down.
Gate for gate, today’s complex circuits are about the
same price as discrete ICs. But, by the time you're
ready to order production quantities, the price should
be a lot lower. At least ours will. The reason is
simple: Fairchild devices are extremely versatile.
There are fewer of them. But, they do more jobs.
That means we’ll be producing large quantities of
each device. That also means low unit cost to you.
And you’ll have fewer devices to inventory.

And fewer to assemble.

If you agree with our approach to medium and large
scale integration, we’d like to tell you more about it.
There are two ways you can get additional infor-
mation. One is to watch the trade press. Fairchild

is introducing a new integrated circuit each

week for 52 weeks. (We started on October 9, 1967.)
You can also get data by mail.

Simply write us on your
company letterhead.
we'll fill your

files with spec
sheets and applica-
tions information.

TN T TR
FAIRCHILD
Lamis el oo o o)
SEMICONDUCTOR

A Division of Fairchild Camera and Instrument Corporation
313 Fairchild Drive, Mountain View, California 94040
(415) 962-5011, TWX: 910-379-6435
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Zeiss extends
the scope of
industry

—

Digital logic circuit, courtesy of Radiation Incorporated (95x enlargement}.

In the tiny world
of microelectron-
Actual size ics, giant strides
of circuit. depend on critical
analysis.

The probing eye of a Zeiss Ultra-
phot Microscope, with built-in auto-
matic 4 x 5” bellows camera, can
reveal the subtlest foes of reliability.
Thus, unsurpassed Zeiss optics
guide the manufacturer in produc-
ing microcircuits with uncompro-
mising tolerances.

Zeiss is constantly extending the

scope of industry . . . research. ..
and science.

Doesn’t your work justify the ulti-
mate in optical performance? What-
ever your requirements, you can
dependon...

THE GREAT NAME IN OPTICS

iy

WEST GERMANY

Carl Zeiss, Inc., 444 Fifth Avenue, New York, New York 10018. Telephone: 212-736-6070
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The Arrival of Nuclear Power

Electric posver obtained from nuclear fission has made a decisive

market breakthrough and now accounts for nearly half of all the

new poswer-generating capacity being ordered by U.S. utilities

Tuclear power, like the boy next
door, seems to have grown up

overnight. That it has indeed
come of age is incontrovertible. For two
years running it has accounted for nearly
half of all the new power-generating
capacity ordered by U.S. utilities. More
than 50 large nuclear genemting units,
representing a financial commitment of
$7 billion, are now under construction
or awaiting construction permits. Their
combined capacity exceeds 40 million
kilowatts, which is as much electrical
plant as the U.S. had in service going
into World War II.

That maturity came quickly is also in-
controvertible. The first truly large-scale
nuclear unit—a 428,000-kilowatt installa-
tion at San Onofre, Calif.—was licensed
for construction as recently as February
24, 1964, and announcements of com-
mercial nuclear power projects did not
begin to gain momentum until the fall
of 1965; yet by the summer of 1966 nu-
clear power had drawn abreast of fossil
power in the utility marketplace. It is
safe to say that no one, not even the most
optimistic reactor manufacturer, expect-
ed so rapid or decisive a market break-
through.

This does not mean, however, that
nuclear power was spared adolescence.
There were many times when its prog-
ress seemed erratic and painfully slow,
when friends and neighbors (particularly
in the financial community) wondered if
the boy next door would ever grow up.
This review of the course of nuclear

by John F. Hogerton

power development in the U.S. will ex-
plore the reasons for the uncertainty and
help to place what has happened recent-
ly in better perspective. With this end
in mind I have divided the history of the
field into five distinct periods, which can
be thought of as parts of a play, consist-
ing of a Prologue (1942-1947), Act I
(1948-1953), Act II (1954-1962), Act
IIT (1963-1967) and an Epilogue (the
present).

Strictly speaking, the years from 1942

to 1947 predate the development of
nuclear power; during this period the
atomic bomb held the stage almost to
the exclusion of other pursuits. There are
several reasons, however, for including
those years in this account.

For one, 1942 was the year of the
first nuclear reactor, or “pile” as it was
then called. The array of uranium and
graphite bricks assembled by Enrico
Fermi, Walter H. Zinn and their co-
workers in the famous squash court be-
low the University of Chicago’s Stagg
Field was a primitive device by today’s
standards and had the limited objective
of demonstrating that a chain reaction
of fissioning atomic nuclei could be
started, regulated and stopped. The pile
operated at room temperature and es-
sentially zero power. The few watts of
heat that it generated were dissipated to
the surrounding air. There was no re-
actor coolant.

The reactors built at Hanford, Wash.,
in 1943 and 1944 to supply plutonium
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for the Manhattan project ran at a tem-
perature that can be characterized as
lukewarm. They were the first water-
cooled reactors. The water, drawn from
the Columbia River, passed once
through the reactor core and was then
discharged into a storage basin; there
was no recirculation.

During the Manhattan project scme
experience was obtained with recircu-
lating coolant systems in small reactors
built for experimental purposes, but
again the temperatures were low. Design
concepts for reactors capable of operat-
ing at temperatures high enough for
power applications were studied as time
allowed, and some development work
had been started by the time the project
ended.

When the civilian Atomic Energy
Commission assumed its stewardship of
the national atomic energy program in
1947, it was faced with the problem of
deciding what avenues of power-reactor
development to pursue. After taking
stock of its inheritance of low-tempera-
ture reactor technology, the AEC tabled
the fragmentary development work then
in progress until plans could be made for
a more systematic effort. By 1948 the
AEC was ready to initiate a program and
formed a Division of Reactor Develop-
ment to carry it out. With that action the
Prologue ended.

During the period from 1948 to 1933
the foundations of a diversified
power-reactor technology were laid, na-
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val-propulsion reactors were developed
and, toward the end, the development
of reactors for central-station electric
power generation emerged as a priority
objective.

The AEC’s strategy of reactor devel-
opment was to launch an attack along
several main fronts. One front involved
the pursuit of fundamental knowledge:
the determination of basic physical con-
stants; investigations of the properties of
various fuels, coolants and other reactor
materials; heat-transfer studies and the
like. As part of this work, considerable
effort was devoted to the design of sup-
porting facilities for research and ma-
terials-testing.

A second front, and the one to which
the most money was allocated, was the
development of reactors for propelling
submarines and aircraft. During that pe-
riod two different prototype submarine
reactors were successfully built, one
cooled with pressurized water and the
other with liquid sodium, and the sub-
marine Nautilus (employing the former
system) was commissioned. The attack
on the intrinsically more difficult prob-
lem of nuclear aircraft propulsion did
not fare as well, partly because of the

INTERIOR VIEW of one of the country’s first nuclear power sta-
tions shows the refueling floor of the reactor installation. It is from
this floor that the fuel assemblies are lowered into the core of the
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handicap of shifting military require-
ments and priorities, and this project was
later abandoned.

The third front of the AEC reactor-
development program was research on
reactors for ultimate use in central-sta-
tion electric power generation. A variety
of design concepts were studied and ex-
perimental facilities were constructed to
probe the relative merit of several of
the more promising ideas. Included in
the latter category were the pressurized-
water and boiling-water reactor systems
commonly used by utilities today; a so-
dium-cooled, graphite-moderated  sys-
tem; a system cooled and moderated
with an organic chemical, and a system
employing a circulating fluid fuel.

During this period civilian as well as
military power-reactor technology had
a security classification; access to it was
restricted to those with a “need to
know.” Only the industrial concerns that
served the AEC as contractors were in a
position to follow the results of the reac-
tor experiments, and in all but a few
cases their access to information was
compartmentalized. To most of industry,
including the electric utilities, nuclear
power was a black box.

As time went on interest in what the
black box contained began to mount.
The first opportunity many companies
had to peer inside came in 1952, when °
qualified industry teams were given
limited access to classified data to enable
them to evaluate the economic outlook
of nuclear power. There was a consider-
able amount of such study in 1952 and
1953. The consensus of the study teams
was that if a military value were placed
on the by-product plutonium, nuclear
power plants could be expected to pro-
duce electricity at a cost of roughly
seven mills per kilowatt-hour. The cost
in conventional thermal power stations
ranged at that time from five to 10 mills
per kilowatt-hour and averaged about
seven; thus, on paper at least, nuclear
power held promise of immediate appli-
cation. There was the difficulty, how-
ever, that the atomic energy statute
then in force prohibited private owner-
ship of power reactors and thereby pre-
cluded private initiative in nuclear pow-
er development.

In the spring of 1953 the late Gordon
E. Dean, the chairman of the AEC, went
before the Joint Committee on Atomic
Energy of Congress and urged that the
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reactor. The reactor housing has an inside diameter of 160 feet
and is surrounded by a concrete radiation shield several feet thick.
The plant, which is at Indian Point, N.Y., is owned and operated



development of nuclear power for cen-
tral-station use be recognized as an im-
portant national objective and that the
law be changed to allow private initia-
tive. Later that year President Eisenhow-
er, speaking before the United Nations,
called for international cooperation in
the development of nuclear power and
other peaceful uses of atomic energy
and for the creation of a system of in-
ternational controls, backed up by in-
spection safeguards, to protect against
misuse of the materials and facilities in-
volved. An important factor in the Presi-
dent’s proposed “Atoms for Peace” pro-
gram was the hope that it might act to
improve the climate for negotiating an
effective system of control over nuclear
weapons.

Thus the thrust for an accelerated nu-
clear power program was not sparked by
any specific technical development, nor
did it develop solely from the buildup of
economic pressure within the U.S. pow-
er industry. Considerations of national
prestige and foreign policy were of cen-
tral importance. Before 1953 drew to a
close the AEC began to implement the
new policy of acceleration. A major first
step was authorization of the construc-

by the Consolidated Edison Co. of New
York, Inc. The reactor system was sup-
plied by the Babcock & Wilcox Company.

tion of a “full scale” (60,000-kilowatt)
demonstration plant at Shippingport, Pa.

During the period from 1954 to 1962

half a dozen prototype reactors and
several fair-sized demonstration plants
were placed in operation. The transition
from a Government program to a com-
petitive enterprise was made, and along
the way optimism about the short-term
commercial prospects of the new indus-
try took a severe buffeting.

At the start of the period many utili-
ties and manufacturers were highly op-
timistic. At hearings on proposed pri-
vate-ownership legislation held by the
Joint Committee on Atomic Energy in
the spring of 1954 there was a give-us-
the-ball-and-we-will-run-with-it tenor to
much of the testimony submitted by in-
dustry spokesmen. Industry was prompt-
ly given the ball, not in the sense of the
Government’s handing it over and retir-
ing from the field but in the sense that
a private-ownership law was precmptly
passed that enabled—indeed encouraged
—1'11dust1'y to proceed with nuclear power
projects. The law reserved to the Gov-
ernment the ownership of nuclear fuel
but provided for supplies to be made
available to. industry under a lease ar-
rangement. The AEC was charged with
regulatory responsibility and given sole
authority to grant licenses for the con-
struction and operation of nuclear power
facilities and for the possession of nu-
clear fuel.

The enactment of the new law trig-
gered a good deal of behind-the-scenes
industrial activity, but firm plans for ac-
tual power projects were slow in devel-
oping. Nearly seven months elapsed be-
tween the time the law became effective
(August 31, 1954) and the date of the
first industry application for a license to
build a nuclear power plant (March 22,
1955). It would have been unrealistic, of
course, to have expected an immediate
flurry of license applications. Planning
nuclear power projects takes time; more-
over, in the fall of 1954 civilian power-
reactor technology was still classified,
which was doubtless a delaying factor.
Yet there is little question but that indus-
try’s initial response was disappointing
to a Joint Committee and an AEC bent
on accelerating the national nuclear
power effort.

By winter the AEC decided there was
need to prime the industry pump. Ac-
cordingly, in January, 1955, it announced
the “first round” of a Power Demonstra-
tion Reactor Program designed to stimu-
late demonstration projects. To utilities
prepared to finance the construction of
full-scale plants the AEC offered re-
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search-and-development assistance and
waiver of fuel inventory charges for the
first five years of plant operation. Three
projects were undertaken on this basis.
In addition, two other projects were un-
dertaken on a wholly privately financed
basis outside the framework of the Pow-
er Demonstration Reactor Program. It is
worth stopping the clock a moment to
examine a little more closely the situa-
tion in which the utility industry found
itself at that time.

Bv early 1955 there had been time and
opportunity for industry to probe
deeper into the status of nuclear power
development, and it was quite clear that
the first nuclear plants would not be eco-
nomic. The word “acceleration” had
taken on a new meaning: it meant press-
ing forward with nuclear power develop-
ment at a faster pace and on a larger
scale than the immediate economic out-
look warranted. Since it was clear that
the Government was committed to a pol-
icy of acceleration, the investor-owned
segment of the electric-utility industry,
representing about 80 percent of the
total electric industry, faced a difficult
choice—to build or not to build. To build
full-scale noneconomic nuclear plants
promised to be a costly way of speeding
the development of a technology for
which only a few farsighted utility ex-
ecutives could see a pressing need. On
the other hand, not to build meant run-
ning the risk of having the Government
do the job by itself. In a collective sense
what the utility companies did at that
critical time was to follow a middle
course: they committed themselves to
building a sufficient number of plants
and took enough other initiatives to
maintain their position with respect to
the Government in an accelerated effort.
In most cases the financial risk was
shared by a number of companies
through the device of joint projects; in
one case, however, a single company
(the Consolidated Edison Co. of New
York, Inc.) undertook a pioneer project
entirely on its own. That the collective
interests of the utility industry were
served was attributable to the leadership
of a small number of individuals, all of
whom believed strongly in the future of
nuclear power and some of whom were
doubtless also strongly motivated by
power-policy considerations.

In subsequent months and years the
AEC extended its Power Demonstration
Reactor Program. The “second round”
of the program, invitations for which
were issued late in 1955, was designed
to encourage the construction of small-
scale prototypes of novel reactor systems
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and also to facilitate the participation of
small publicly owned power entities such
as rural cooperatives and municipal pow-
er authorities. To the latter end the AEC
undertook to finance the reactor portion
of the plant, thereby limiting the finan-
cial risk incurred by the utility partici-
pant. Five projects were proposed on
this basis, but in the course of evaluation
the list was reduced and only three sec-
ond-round plants were actually built.

The “third round” came in 1957 and
resulted in the construction of four small-
scale plants, each of which broke some
new technical ground either in overall
design concept or in a key feature of its
system. The next and, at this writing,
last “round” of the Power Demonstra-
tion Reactor Program came five years
later in 1962. Before describing this
round the stage should be set by relating
the events that led up to it.

hus far in this account of the 1954—
1962 period the focus has been on
decision-making. The actual accomplish-
ments of the period merit at least equal
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time, but in the interests of brevity they
will be compressed into a brief summary.
During 1955 and 1956 civilian power-
reactor technology was comprehensively
declassified by the U.S., acting in con-
cert with the United Kingdom and Can-
ada. Late in 1956 the first power-reactor
system designed expressly for electric-
power generation—an experimental boil-
ing-water unit at the Argonne National
Laboratory—went into operation. A year
later the 60,000-kilowatt Shippingport
pressurized-water plant was completed.
In 1960 two of the pioneer utility plants
—one a 180,000-kilowatt boiling-water
unit in Ilinois (Dresden) and the other a
140,000-kilowatt pressurized-water unit
in Massachusetts (Yankee)—began com-
mercial service.

As operating experience was acquired
with these and other early-vintage nu-
clear units, a favorable pattern began to
emerge. Most of the debugging prob-
lems stemmed from auxiliary equipment;
the reactors themselves gave surprisingly
little trouble and, once they had been
checked out for routine operation, gen-
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erally performed with a high degree of
dependability. The plants proved to be
easy to operate in a utility system, under
both steady-state and fluctuating-load
conditions. Reactor designs were found
to be conservative; in several cases it
proved possible to operate the plants at
power levels substantially higher than
their nominal ratings. In the wash of
operating experience many technical un-
certainties associated with the different
reactor concepts were removed and the
basic validity of nuclear power was, from
the technical standpoint, categorically
established.

The same could not be said from the
economic standpoint. Although one of
the pioneer plants (Yankee) was brought
in under budget, most of them cost more
to build than had been anticipated, and
in at least one case the final construc-
tion cost was nearly double the original
estimate. The lowest generating costs
achieved in these plants in their initial
years of operation were 50 percent high-
er than the figure of seven mills per kilo-
watt-hour postulated by the early gener-

RECENT BREAKTHROUGH of nuclear power shows up strikingly in this chart, which
breaks down the new thermal-generating capacity ordered by U.S. utilities during the past
10 years into nuclear units and fossil units (coal, oil or gas). The chart is based on the semi-
annual reports issued in October and April of each year by the Edison Electric Institute.
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alized studies. Moreover, the costs for
corventional power generation were im-
proving. Savings achieved by building
larger, more efficient generating units
had been sufficient to offset rising costs
of labor and materials, and the cost of
coal—the principal utility fuel and nu-
clear power’s chief competitive target—
had reversed a prior trend and was be-
ginning to come down. No longer would
a generating cost of seven mills per kilo-
watt-hour ensure nuclear power a large
market. (Lest the wrong impression be
given, it should be added that the build-
ers of the pioneer plants did not expect
to achieve anything like seven-mill pow-
er. Yankee’s target, for example, was in
the 11-to-13-mill range. It should also be
noted that through successive core-de-
sign improvements and increases in pow-
er output, several of these plants have
been able to achieve substantial reduc-
tions in generating cost. Taking Yankee
again as an example, the cost has recent-
ly been running slightly under eight
mills per kilowatt-hour, which in high-
cost-fuel areas such as New England is
not too far out of line with the cost of
power today in conventional power sta-
tions of comparable size and vintage.)

Of course, the power costs achieved
by the nuclear plants placed in service
at the start of the 1960’s were not a true
indicator of the state of the art at that
time. Considerable technical progress
had been made since they were de-
signed. Moreover, the experience gained
in operating the “first generation” plants
would bear fruit only when successor
plants were designed and built. From
the vantage point of the reactor manu-
facturers it appeared that a “second
generation” of nuclear plants, larger in
scale and improved in design, would
prove to be economically competitive in
those parts of the country where the
cost of coal or other fossil fuels ran
above the national average. Some utility
leaders shared this belief; the majority,
however, needed to be convinced.

Late in 1960 a West Coast utility ex-
pressed interest in building a large-scale
pressurized-water plant in southern Cal-
ifornia and approached the AEC for
assistance in what was later to become
the San Onofre project. Early in 1961
another West Coast utility announced
plans for a 310,000-kilowatt boiling-
water plant to be located at Bodega Bay
on the northern California coast and to
be built without any financial assistance
from the Government. The announce-
ment of the Bodega Bay project was ac-
companied by cost estimates indicating
that the plant would be economic under
the utility’s particular circumstances, the
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FORECASTS of the nuclear power generating capacity the U.S. will have in 1980, made
periodically by the Atomic Energy Commission, have increased sharply in recent years.

central one being that fossil fuel costs in
the area were already very high and
were expected to rise.

In 1962, at the request of President
Kennedy, the AEC made a comprehen-
sive study of the outlook for nuclear
power. The resulting report, issued in
December, 1962, concluded that nuclear
power had arrived at the threshold of
commercial application and had a bright
future. It forecast that 40 million kilo-
watts of nuclear generating capacity
would be in service by 1980, and that by
the end of the century nuclear power
would account for half of the national
electrical output and for essentially all
subsequent power plant construction. In
the light of this projected growth pat-
tern, the report took stock of the coun-
try’s nuclear fuel resources and stressed
the long-range importance of using them
efficiently. It went on to define three
goals for the national nuclear power ef-
fort: the immediate construction of some
commercial-scale plants employing reac-
tors of already proved technology; the
development of reactors with improved
fuel-utilization characteristics  (called
“advanced converters”), and, as a long-
range objective, the development of
practical “breeder” reactors, which pro-
duce more fissionable material than they
consume.

Atthetimethereport to the President
was being written the two California
projects were enmeshed in site prob-
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lems; it was not certain that either would
go forward (indeed, the Bodega Bay
project was subsequently canceled), and
no other utility projects were in the off-
ing. Concluding that there was need
once again to prime the industry pump,
the AEC announced a new round of its
Power Demonstration Reactor Program
aimed at stimulating the construction of
commercial-scale plants of proved tech-
nology. The financial incentives offered
included design as well as research and
development assistance, plus waiver of
initial fuel-inventory charges. At the end
of the year the AEC was awaiting indus-
try’s response when, as a completely in-
dependent proposition, it received an
application (later withdrawn) for a per-
mit to build a million-kilowatt plant in
metropolitan New York on a 1970-com-
pletion schedule. This was a remarkable
development. Not only was the proposed
plant three times larger than any previ-
ously considered but also the proposed
location in the center of a densely popu-
lated area was without precedent and
posed a major test both of AEC site
policy and community acceptance. The
proposal was several strides ahead of its
time; it served, however, as a welcome
affirmation of industry’s confidence in
nuclear power.

he period from 1963 to 1967 wit-
nessed the breakthrough of nuclear
power into the commercial market and,
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as something of an anticlimax, the start-
up of the country’s first truly large-scale
nuclear plants.

Events moved swiftly in 1963. Early
in the year two pressurized-water proj-
ects in the range of 400,000 to 500,000
kilowatts were undertaken within the
framework of the AEC’s Power Demon-
stration Reactor Program—one in New
England (Connecticut Yankee) and the
other in California (Malibu). Soon there-
after the long-pending San Onofre proj-
ect finally advanced to the point of filing
for a construction permit. And by the
end of the year two more projects, both
boiling-water plants with capacities of
between 500,000 and 600,000 kilowatts,
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had been undertaken on a straight com-
mercial basis—one in New York (Nine
Mile Point) and the other in New Jersey
(Oyster Creek). A detailed report on the
economics of the latter project, released
in February, 1964, by the sponsoring
utility (the Jersey Central Power & Light
Company), gave the first intimation that
a breakthrough might be in prospect.
Jersey Central had made an analysis
of the comparative costs of power gener-
ation for three alternatives open to them:
(1) building the proposed nuclear plant,
(2) building a coal-fired plant of the same
capacity at the same site and (3) long-
distance transmission of electricity from
a coalfired plant at a “mine mouth” lo-

cation. The nuclear-cost estimates were
based on a fixed-price “turnkey” bid sub-
mitted by the General Electric Com-
pany; those for the coal alternatives
were based on engineering studies and
reflected the best coal price offering the
utility had been able to obtain from its
suppliers. In the months preceding the
Opyster Creek evaluation, Jersey Central
had been contracting for coal at a de-
livered price of 30 to 31 cents per mil-
lion B.T.U.’s of energy content. Under
the pressure of nuclear competition coal
was offered for the Oyster Creek site at
a price of 26 cents. It was a remarkably
good offer, but it turned out to be not
good enough.
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COMPETITION between nuclear power and fossil power depends on the cost of fossil fuel
in different localities. In this chart vertical bars indicate the range of fossil-fuel costs in
the systems of the 75 largest investor-owned electric utilities in the U.S. (Gas and oil costs
have been adjusted to show the equivalent coal cost.) The utilities that have made one
or more commitments for a large nuclear plant are indicated in color. The solid colored
horizontal line represents the average coal cost for 1966 (24.7 cents per million B.T.U.’s).
The light colored horizontal band covers the range of coal prices within which nuclear
power is today competitive. The missing entries correspond either to utilities with ther-
mal plants smaller than 300 megawatts or to utilities that are 100 percent hydroelectric.
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The findings from the utility’s cost
analysis were, first, that if one assumed
operation of the nuclear plant at its nom-
inal capacity (515,000 kilowatts), coal
would have had to have been available
at the Oyster Creek site at a price slight-
ly below 26 cents to be competitive; sec-
ond, that if the nuclear plant were to
achieve the higher output of which it
was believed capable and for which its
turbine generator had been designed
(620,000 kilowatts), the price would
have had to have been below 20 cents.
To place these figures in perspective,
the average price paid by U.S. utilities
for coal in 1964 was a fraction above 26
cents, and only those utilities operating
in or close to coal-mining areas enjoyed
coal prices as low as 20 cents. It should
perhaps be added that the Oyster Creek
report placed the cost of nuclear power
generation not at seven mills per kilo-
watt-hour, not at six mills, but at four to
five mills, depending on the level of out-
put achieved. The message, whether in
terms of cents per million B.T.Us or
mills per kilowatt-hour, was clear: If the
Oyster Creek findings were at all indica-
tive, nuclear power had arrived. The
question was, how indicative was Oyster
Creek?

This question quickly became a burn-
ing issue. Jersey Central spokesmen em-
phasized that their analysis was specific
to their circumstances and might not
apply under other circumstances. The
company sponsoring the Nine Mile Point
project, which was a parallel effort in-
volving the same reactor manufacturer
and virtually the same reactor design but
a different site and different contract ar-
rangements, did not publish a compa-
rable cost analysis but did release some
general cost estimates that indicated a
much more conservative assessment.

Philip Sporn, past president of the
country’s largest coal-burning utility
(the American Electric Power Company,
Inc.) and long regarded as one of the
country’s ablest power men, was asked
by the Joint Committee on Atomic En-
ergy to appraise the economic position
of nuclear power based on the informa-
tion contained in the Oyster Creek re-
port. His judgment was that there was
insufficient margin for profit in the turn-
key contract and that for this and other
reasons the estimates of power cost were
probably an overly optimistic indicator
of the immediate outlook for nuclear
power. Allowing for differences in utility
circumstances, his estimate of break-
even coal prices in an investor-owned
system was 25 to 29 cents per million
B.T.U.’s. Essentially this estimate meant
that he too saw immediate market

FIRST LARGE-SCALE NUCLEAR PLANT, located at San Onofre, Calif., was completed
last year. A pressurized-water installation capable of generating 428,000 kilowatts of electric
power, it was built by the Westinghouse Electric Corporation and is operated jointly by the
Southern California Edison Co. and the San Diego Gas & Electric Co. The dome-shaped
building, which houses the reactor, is characteristic of a pressurized-water installation.

opportunities for nuclear power but
thought they would be limited for the
time being to the higher-cost-fuel areas.

rl“hus in the spring of 1964 there were

among experts substantial differences
of opinion as to the general level of costs
that a utility contemplating a nuclear
project might expect to encounter in
building and operating a plant. The nu-
clear-cost picture was further Complicat—
ed by differences in what the published
cost estimates covered and by differences
among utilities.

Even if by some magic there had been
unanimity on the subject of nuclear
costs, there still would have been ample
room for differences of opinion on the
market outlook. One reason was that im-
portant changes were taking place in
coal costs, notably in the cost of trans-
portation. In many parts of the country
the expense of transporting coal from
the mine to the power plant accounts for
from a third to half of the utility’s fuel
cost, or, to put it another way, for rough-
ly a fifth of the total cost of power gen-
eration. Most utility coal has traditional-
ly moved by rail. Over the past decade
there has been a substantial reduction in
rail transportation costs, thanks to three
successive innovations in rail practice.
The first came in the mid-1950’s when
the railroads received sanction from the
Interstate Commerce Commission to of-
fer incentive rates to utilities. The second
came in 1959 when the first trainload
rates became effective. (Prior to that
time freight rates had been based on
carload quantities.) The third and by
far the most important innovation came
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in 1962 with the introduction of the
“unit train,” that is, a train that shuttles
constantly back and forth between the
mine and the power station, thereby
achieving optimum equipment utiliza-
tion. By 1964 the use of unit trains was
spreading rapidly and substantial reduc-
tions in rate tariffs were being made on
this basis. As with all new developments,
it was difficult to foresee how far the
trend might be carried and how it might
affect the competitive balance between
coal and nuclear power.

There were still other basic factors in
the 1964 decision-making equation. The
power industry was beginning to move
rapidly toward interconnection, one of
the benefits of which is that it often en-
ables utilities to build larger, more eco-
nomic power plants than they could
manage on a single-system basis. It is
characteristic of nuclear power that its
competitive position improves as the size
of plant increases. At the same time the
larger the plant is, the more severe are
the economic consequences of an un-
scheduled shutdown, and so a pre-
mium is placed in large installations on
dependability of service. By 1964 there
was conclusive evidence that utilities
were experiencing a higher-than-expect-
ed rate of forced shutdown in the opera-
tion of their newest, largest and most
sophisticated conventional power plants,
On the other hand, nuclear power was to
most utilities a completely new tech-
nology and its dependability in commer-
cial service was a factor they had to
evaluate most carefully.

Finally, in the back of every utility
executive’s mind were the indications,
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which by 1964 were beginning to be-
come prevalent, of increased public in-
terest in the environmental aspects of
the power industry. There were then, as
there are now, two diametrically op-
posed public attitudes regarding nuclear
power. Some people resisted nuclear
power because of reservations about its
safety. Other people, particularly those
concerned about the health implications
of air pollution, favored nuclear power
because of its cleanliness. At that time
neither point of view commanded a large
following, which meant that the “aver-
age citizen” had not yet taken a position.
This left open what promised to become
the most powerful factor in the utility
equation.

The same month the Oyster Creek re-
port was released the San Onofre proj-
ect received its construction permit, end-
ing a seven-year dry spell during which
the only construction licenses issued in
the U.S. were for experimental or proto-
type installations of 75,000-kilowatt ca-
pacity or less. Fortunately major plants
of American design had been built over-
seas or were at an advanced stage of con-
struction, and so there was not the ex-
perience gap that this statement might
imply. Another notable event in 1964
was the enactment by Congress of pri-
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NUCLEAR POWER PLANTS IN THE U.S. are indicated by the
black symbols; the map also shows by shading the principal fuel
burned in conventional thermal-power plants in each state. (Idaho
depends almost entirely on hydroelectric power). The plants rep-
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vate-ownership legislation covering nu-
clear fuel. Under the new law private
ownership of fuel supplies for nuclear
power will be permitted at the start of
1969 and will be mandatory by mid-
1973.

The leading reactor manufacturers
(notably General Electric and the West-
inghouse Electric Corporation) had
started up their marketing machinery in
1963 and by the end of 1964 it was run-
ning in high gear. Over the 18-month
period following the Oyster Creek an-
nouncement, however, only one firm sale
was made. With that one exception (the
Commonwealth Edison Company) util-
ities were not yet buying nuclear power.
This doubtless meant in part that they
had not yet wholly accepted the Oyster
Creek message. There was another, more
tangible explanation, which was that
coal interests were making a valiant
forestalling effort. Again and again, in
situations where utilities were known to
be seriously considering a nuclear proj-
ect, substantial cuts were made in coal
prices, mainly through the granting of
favorable unit-train rates for coal deliv-
ery. In a number of cases the price con-
cessions extended to other coal-burning
plants on the same system, thereby ben-
efiting the utility’s overall power-gener-

breaks

watts;
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down into:

ating economy. This practice reached a
point, one suspects, where some utilities
with at best a marginal interest in nu-
clear power went through the procedure
of getting and evaluating bids from re-
actor manufacturers principally for the
leverage this gave them in their coal
negotiations.

[n the late summer and early fall of
4 1965 the situation started to change,
and by the summer of 1966 it had al-
tered completely. Not only did utilities
begin to place orders for nuclear units
but also some ordered them two at a
time. As was brought out at the start of
this article, nuclear power rapidly built
up its market position to the point where
during 1966 and 1967 it accounted for
nearly half of all the new power-gener-
ating capacity ordered by U.S. utilities.
In the process, unit sizes leapfrogged
from 500,000 to 800,000 to 1.1 million
kilowatts and there was a progression of
major design improvements, all of which
took place before the forerunner of the
500,000-kilowatt class (San Onofre) was
completed. Apart from one commitment
for a 300,000-kilowatt demonstration
plant of the high-temperature gas-cooled
type, all the market traffic was in pres-
surized-water and boiling-water plants.

resent a combined nuclear capacity of 59,778,300 kilowatts, which
operable, 2,810,100 kilowatts; being built,
14,657,400 kilowatts; planned (reactors ordered), 32,210,800 kilo-
planned (reactors

not ordered), 10,100,000 kilowatts.



AERIAL VIEW of Millstone Point #1, a nuclear power station of
Northeast Utilities, Inc., in Waterford, Conn., was made in Septem-
ber, 1967, when the plant was 35 percent complete. The reactor will
be housed in the large steel dry well at right, which in turn will be

Initially the sales were divided, in ap-
proximately equal measure, between
General Electric and Westinghouse,
which had long dominated the manu-
facture of turbine generators and related
electrical equipment for the power in-
dustry and saw in reactor manufacture
an opportunity to move in on the steam-
equipment side of the industry and, per-
haps even more important, to establish a
position in the potentially lucrative busi-
ness of supplying replacement fuel cores.
Later two more companies established
themselves in the water-cooled-plant
market, namely the Babcock & Wilcox
Company and Combustion Engineering,
Inc., the two leading suppliers of con-
ventional steam-generating systems.

he nuclear breakthrough is too recent

a phenomenon to allow a definitive
diagnosis, but it seems reasonably clear
that there were two main factors at
work. One was a divergence in market-
ing tactics. It cannot be documented,
but there is little doubt that coal inter-
ests hardened their pricing policy some-
time in the fall or early winter of 1965.
With a record volume of business in
hand and a record number of coal-burn-
ing power plants under construction,
they may have decided to let nuclear
power have its day in court, hoping all
the while that it would fail to live up to
its advance notices. Moreover, nuclear
power was then threatening only the
higher-cost-coal areas and, with the na-
tional market doubling every 10 years,
the coal industry could write off these
areas and still look forward to excellent
growth prospects. Nuclear interests, on

the other hand, kept their marketing
drive going at peak intensity long after
the breakthrough occurred, partly in or-
der to achieve deeper penetration into
coal territory and partly because of the
stimulus of competition among reactor
manufacturers. It was not until the lat-
ter part of 1966 that nuclear-equipment
prices began to seek higher ground and
not until 1967 that they increased sub-
stantially, and by then it was too late
for coal to stem the tide of nuclear sales.

The second factor in the nuclear
breakthrough was intangible and can
only be described as a growing convic-
tion among utilities that nuclear power
would be the way of the future. This was
particularly true of the utilities that oper-
ated coal-fired or oil-fired power stations
in urban or highly industrialized areas.
They could see almost daily signs of
public concern about air pollution, and
in not a few instances they were being
confronted with new local ordinances
setting stringent limits on the emission
of sulfur dioxide and other stack gases.
Low-sulfur fuels quickly commanded
premium prices, and if the short-term
outlook was poor, the long-term outlook
was worse. The nation’s coal resources,
vast in the aggregate, were beginning to
look less than vast as utilities sought to
locate deposits that were cheap to mine,
favorably situated and large enough to
ensure a long-term supply for a large
power station. It was obvious that they
would look much smaller if the search
had to be restricted to deposits of low
sulfur content. The alternative of re-
moving sulfur from run-of-the-mine coal,
either at the mine or in the operation of
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completely enclosed by a rectangular building. The superstructure
at left will contain the turbines. The 600,000-kilowatt boiling-water
unit is scheduled for completion by the summer of 1969. The reac-
tor system is being supplied by the General Electric Company.

the power plant, promised to present a
serious cost problem. The only other al-
ternative (apart from building nuclear
plants) was to think in terms of long-
distance transmission of electricity from
plants located at the mines, which would
usually place them at a distance from
population centers. This of course had
been done on a limited scale but, bar-
ring a major breakthrough in transmis-
sion technology, would be expensive as
a general practice; moreover, the prob-
lems that could be anticipated in ob-
taining right-of-way for a multiplicity
of cross-country transmission lines were
formidable. In addition to all this, coal
mining was itself encountering increas-
ing public criticism on environmental
issues, such as stream pollution and land
despoliation, and cost increases were al-
ready beginning to be experienced on
this account.

In short, utilities began to see the hand-

writing on the wall for coal. At the
same time (and doubtless as a kind of
mirror image) they began to see positive
signs of growing public sentiment in fa-
vor of nuclear power.

If these were indeed the thoughts that
were running through the minds of util-
ity men, they could easily have swung
marginal decisions in favor of nuclear
power, particularly in cases where a
company had not yet made a nuclear
commitment. In effect they would have
placed the burden of proof not on the
new technology, where one would nor-
mally have expected it to be put, but on
the old one. And even if a utility pres-
ident took his staff’s nuclear cost esti-
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mates with a grain of salt, he could still
justify going ahead with a nuclear proj-
ect on the grounds that it would give
his organization essential training and
experience in what seemed destined to
be the coming technology.

As nuclear sales gained momentum,
projections of the growth of nuclear
power climbed rapidly. By mid-1967
most forecasters were predicting that
there would be somewhere in the neigh-
borhood of 150 million kilowatts of nu-
clear power capacity in service in the
U.S. by 1980, an amount nearly four
times greater than the AEC had forecast
four years earlier. This translates into
the expectation that, on a capacity basis,
nuclear power will account for at least
50 percent of the new-plant market over
the next decade and for an even higher
share of base-load (as distinct from
peaking) additions. By 1980 nuclear

plants would then account for about 30
percent of the country’s total installed
capacity and for as much as 35 to 40
percent of the gross electrical output.
This outlook is all the more remark-
able when one recalls that as recently
as the summer of 1967 nuclear power
accounted for less than half of 1 per-
cent of the electrical output. The amount
of nuclear capacity then in service bare-
ly exceeded a million kilowatts, and the
largest units were operating at power
levels in the neighborhood of 200,000
kilowatts. (This statement does not take
into account a large plutonium-produc-
ing reactor at Hanford, which produces
electricity as a by-product.) San Onofre,
the first of the truly large-scale units,
did not begin preliminary operation un-
til June 14 and did not reach full power
until December. The second large-scale
unit (Connecticut Yankee) followed

REACTOR VESSELS for two large-scale commercial boiling-water installations are shown
undergoing final checks at the factory of the manufacturer, Combustion Engineering, Inc.
Eachvesselweighs more than 650 tons. The one at left is for the NiagaraMohawkPower Cor-
poration’s Nine Mile Point plant in New York; the one at right is for the Jersey Central Pow- ‘
er & Light Company’s Oyster Creek plant in New Jersey. In boiling-water reactor systems
the control rods enter the core of the reactor through the holes in the bottom of the vessel.

30

© 1968 SCIENTIFIC AMERICAN, INC

quickly and also reached full power in
December. The next two in line (Oyster
Creek and Nine Mile Point) are sched-
uled to begin service in 1968, and three
others are scheduled for completion in
1969. It will be 1970, however, before a
really large block of nuclear capacity is
added to the national power grid. By
then, but not much before, enough op-
erating experience will have been accu-
mulated to make possible a meaningful
assessment of the performance of the
first graduates of the 500,000-kilowatt
class. In the meantime the size of the
U.S. commitment to nuclear power will
doubtless continue to grow, and it would
not be surprising if the first member of
the 1.5-million-kilowatt class will have
matriculated.

Central to this account of the coming

of age of nuclear power have been
the pressurized-water and boiling-water
reactors, which outpaced other entrants
in the power-reactor sweepstakes and
today dominate the commercial market.
This situation might well be expected
to continue indefinitely if it were not for
two limitations inherent in the use of
ordinary water as a reactor coolant. One
is that it is impractical to achieve high
enough operating temperatures inside
a straightforward water-cooled system
to produce high-pressure superheated
steam. Power plants employing these
systems are thus obliged to operate with
low-quality steam and as a result are not
as efficient in converting heat to electric-
ity as the more modern conventional
power plants. This means that a propor-
tionately greater amount of waste heat
is discharged into the plant’s environ-
ment—in other words, into the river, lake
or ocean that supplies the water used to
cool the turbine condenser. Today’s nu-
clear power plants typically discharge
30 percent more waste heat per kilo-
watt-hour of electricity generated than
conventional plants. This could con-
ceivably become a serious handicap. As
the scale of power generation increases,
utilities are finding it increasingly diffi-
cult to find suitable sites for new gener-
ating stations, and more often than not
the limiting factor is the large flow of
cooling water required. Of late, concern
expressed by conservationists and others
about the possibly adverse ecological ef-
fects of the warm-water discharge from
large-scale power operations (the “ther-
mal pollution” issue) has added a new
dimension to the problem of finding suit-
able sites for thermal power plants. The
use of cooling towers offers a way around
the problem but adds to the power costs
and has other disadvantages.



The other limitation of pressurized-
water and boiling-water reactors is that
they are not efficient utilizers of nuclear
fuel. Uranium 235, which is the only
readily fissionable material found in na-
ture, represents a very small fraction of
the huge energy potential of the world’s
nuclear fuel resources. The rest is asso-
ciated with the “fertile” materials, which
are not themselves readily fissionable but
which can be converted into fissionable
form by irradiation with neutrons. For
example, the fertile isotope uranium 238,
which accounts for more than 99 percent
of the uranium found in nature, is con-
verted (by capturing a neutron) into fis-
sionable plutonium 239. Water-cooled
reactor systems, which are fueled with
“slightly enriched” uranium (2 or 3 per-
cent uranjium 235), obtain part of their
power output from plutonium formed
during operation, but most of it comes
from uranium 235 supplied in the reac-
tor fuel.

The reason why greater advantage is
not taken of the predominant fertile
component of the fuel is that water has
a pronounced tendency to absorb neu-
trons, and in passing through the reactor
core it soaks up enough of these precious
particles to prevent the system from
achieving a high ratio of conversion
of fertile material to fissionable materi-
al. Pressurized-water and boiling-water
plants manage in spite of this handicap
to achieve very low fuel costs and will
continue to do so as long as reasonably
priced supplies of uranium are available,
which will probably be the case for at
least another decade. In the long run,
however, and in the interest of conserv-
ing energy resources, the nuclear power
industry will need reactors that are more
efficient in fuel utilization. This trans-
lates into a need to strive for better neu-
tron economy, and since the efliciency
with which heat is converted into elec-
tricity also affects fuel utilization, it
makes it desirable to achieve higher op-
erating temperatures as well.

Over the years several “advanced con-

verters” have been carried quite far
down the road of development, but at
this writing only one stands in a position
to challenge the water-cooled systems in
the utility marketplace. That is the high-
temperature gas-cooled reactor, a devel-
opment of Gulf General Atomic, Inc., a
subsidiary of the Gulf Oil Corporation.
A 40,000-kilowatt prototype reactor of
this type (Peach Bottom) was built under
the “second round” of the AEC’s Power
Demonstration Reactor Program, and a
300,000-kilowatt demonstration plant
(Fort St. Vrain) is scheduled for con-
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PART OF CORE-SUPPORT STRUCTURE of a large pressurized-water reactor consists of
control-rod guide tubes and the upper core grid plate. The part is made by Westinghouse.

struction. This system combines the at-
tributes of good neutron economy and
high temperature; however, until bids
based on this approach have been sub-
mitted for large-scale nuclear power
projects, its competitive position cannot
be gauged.

If neutron losses are kept to the very
minimum, it is possible for a reactor
to operate at a conversion ratio high
enough to achieve a net gain of fission-
able material, in which event the reactor
is known as a breeder. Using breeders in
nuclear power generation would ensure
maximum exploitation of fertile-fuel re-
sources as well as fissionable ones. The
technical feasibility of building a reactor
with a sufficiently refined neutron econ-
omy to achieve breeding was demon-
strated more than a decade ago. Much
development work remains to be done,
however, before this can be reduced to
commercial practice. The AEC is spon-
soring a major breeder-reactor develop-
ment effort with the objective of having
prototype plants in operation by the mid-
1970’s and of achieving full-scale com-
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mercial application by the early or mid-
1980’s. Reactor manufacturers hope to
improve this schedule by several years.

There are two basic approaches to
breeding: a fast neutron system operat-
ing on the uranium-238/plutonium-239
cycle, and a slow neutron system operat-
ing on the thorium/uranium-233 cycle.
Higher breeding gains are possible in
the first cycle, and most of the current
development efforts follow this ap-
proach. All of the five reactor manufac-
turers that have been mentioned so far
in this article, plus a sixth (Atomics In-
ternational, a division of North Ameri-
can Rockwell Corp.), are active in breed-
er development. Some utilities (notably
the Detroit Edison Ccmpany) have a
long history of active support of breeder
development, and of late there have
been signs of heightened utility interest
in this exacting field of reactor tech-
nology.

It will be evident by now that this epi-
logue is in reality a second prologue, and
that the most important history of nu-
clear power remains to unfold.
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The Membrane of the Mitochondrion

The folded inner membrane of this intracellular body is the site

of the major process of energy metabolism in the living cell. It is

studied by taking it apart and attempting to put it together again

he seat of oxidative phosphoryla-
I tion, the process by which most
plant and animal cells produce the
energy required to sustain life, is the in-
ner membrane of the intracellular par-
ticles called mitochondria [see bottom
illustration on page 34]. Associated with
this membrane are the enzymes of oxi-
dative phosphorylation, embedded in a
complex matrix that binds them tena-
ciously in an ordered array. The mech-
anism of energy production in mito-
chondria has long defied analysis, since
a complex chemical pathway in a living
organism cannot really be understood
until its intermediate products have been
identified and the enzymes that catalyze
each step of the process have been in-
dividually resolved as soluble compo-
nents. A decade ago my colleagues and
I set out to attack the problem by trying
to take the inner membrane of the mito-
chondrion apart and put it back togeth-
er. We have been partially successful in
the attempt, and along the way we have
made some exciting discoveries and de-
veloped new methods of studying en-
zymes bound in membranes.

r[‘he universal energy carrier of the

cell is adenosine triphosphate (ATP).
This molecule functions by transferring
its energetic terminal phosphate group
to another molecule. In so doing it
is converted to adenosine diphosphate
(ADP), which in turn can be transformed
into ATP by energy-generating systems
in the cell. This regeneration of ATP
occurs at several stages in the course of
the breakdown and cxidation of food-
stuffs. Some ATP is formed during gly-
colysis, a well-understood metabolic
pathway utilizing soluble enzymes that
break carbohydrates down to simpler
compounds.

Most of the ATP is formed, however,
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during the course of oxidative phos-
phorylation in mitochondria. Pyruvate,
the end product of glycolysis, is de-
livered to the mitochondria, where it is
oxidized to carbon dioxide and water
by the enzymes of the Krebs cycle [see
top illustration on pages 34 and 35]. As
hydrogen is removed from the successive
intermediate products, it is captured by
the coenzyme diphosphopyridine nucle-
otide (DPN), which contains the vitamin
nicotinamide. The electrons of hydrogen
are passed along a series of respiratory
enzymes, notably yellow flavoproteins
and red cytochromes, ultimately combin-
ing with protons and oxygen to form wa-
ter. The energy of this oxidation process
is utilized at three sites to regenerate
ATP from ADP and inorganic phos-
phate. Under physiological conditions
such “coupling” of oxidation with phos-
phorylation is compulsory, and respira-
tion takes place only when ADP and
phosphate are available, which is to say
when ATP is being utilized. This “tight
coupling” represents an ingenious con-
trol mechanism through which energy
production is regulated by the rate of
energy consumption.

Two chemicals that affect oxidative
phosphorylation serve as tools with
which to analyze the process. One is
dinitrophenol (DNP), which uncouples
oxidation from phosphorylation so that
respiration proceeds but produces heat
instead of ATP. The other is the anti-
biotic oligomycin, which acts differently.
It interferes with the production of ATP,
thereby inhibiting respiration as long as
the system is tightly coupled. When di-
nitrophenol is added, the inhibition by
oligomycin is overcome and respiration
returns to its original rate, although it
producesno ATP.

The enzymes that catalyze electron
transport had been isolated and char-
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acterized, but only after the disruption
of mitochondria with detergents. This
process left the oxidation enzymes able
to function but damaged the phosphoryl-
ation system severely. It was accordingly
believed for a long time that the intact
mitochondrial structure was essential for
oxidative phosphorylation and that the
component parts could not be separated
without destroying them.

In 1956 the system did begin to yield
to fractionation. Independent experi-
ments reported almost simultaneously
from the laboratories of Albert L. Lehn-
inger, Henry A. Lardy, David E. Green
and W. W. Kielley showed that chemi-
cals such as digitonin and physical meth-
ods such as sonic oscillation would break
mitochondria into “submitochondrial
particles” much smaller than mitochon-
dria and yet able to catalyze oxidative
phosphorylation. This accomplishment
was an important step forward, and yet
there was still no indication that a true
resolution—a separation of soluble com-
ponents—would ever be possible. Such
resolution was the task we undertook at
the Public Health Research Institute of
the City of New York.

In 1957 the first successful resolution of

the system of oxidative phosphoryl-
ation was achieved when Harvey Penef-
sky, Maynard E. Pullman and I frag-
mented beef-heart mitochondria by
agitating them with glass beads in a
powerful device called a Nossal shaker.
We removed the heavier unbroken mito-
chondria by centrifuging the mixture at
low speed and then respun the lighter
fraction at high speed [see top illustra-
tion on page 36]. The resulting sedi-
ment—the submitochondrial particles—
still contained the respiratory enzymes

* but could not produce much ATP; the

remaining fraction contained a soluble



RECONSTITUTION of the mitochondrial membrane begins with
submitochondrial particles lined with inner-membrane spheres
(top left). Treatment with a molecular sieve (Sephadex) and urea
produces “SU particles” without spheres (top right). When cou-

pling factor F; (bottom left) isolated from mitochondria is added,
the characteristic shape of submitochondrial particles is restored
(bottom right). F, spheres are enlarged about 600,000 diameters,
other preparations about 300,000 in these electron micrographs.
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component that was necessary for the
coupling of phosphorylation to oxida-
tion. We called this soluble component
a coupling factor, F;. In time various
treatments of mitochondria separated
other coupling factors that were also re-
quired for phosphorylation, and these
we called F.,, F; and F,.

The experiments demonstrating the
resolution of F; were difficult to repro-
duce. In laboratory jargon our data were
“in the right direction”—and that is al-
ways a sign of trouble. F; as much as
doubled phosphorylation, but that was
not enough stimulation to provide a re-
liable assay of its coupling activity. And
a reliable assay was required if we were
to purify F; and characterize it. Now,
it was known that mitochondria could
catalyze the splitting of ATP into ADP
and inorganic phosphorus. In fact, as
early as 1945 Lardy, working at the
University of Wisconsin, had suggested
that this enzymatic (“ATP-ase”) activity
might be the inverse of some step in
oxidative phosphorylation. We discov-
ered that partially purified F, did in fact
exhibit ATP-ase activity.

Since this was the first time ATP-ase
had been extracted as a soluble compo-
nent from mitochondria, we decided to
go after this enzyme. We realized it was
a gamble that might not shed any light
on oxidative phosphorylation, but the
ATP-ase assay was simple and accurate
and at least we had had experience in
purifying soluble enzymes. We felt that
it should not take long to establish
whether or not the ATP-ase and the cou-
pling-factor activity were related.

Yet sometimes experience gets in one’s
way. Working in a “cold room,” as one
ordinarily does in enzyme research, we
found the ATP-ase to be quite unstable
(in contrast to the ATP-ase activity of
submitochondrial particles, which was
quite stable) and we made little progress.

MITOCHONDRION, seen in a schematic cross section (a), has two
membranes, each about 60 angstrom units (six millionths of a milli-
meter) thick. The inner membrane is deeply folded into “cristae”
covered with the inner-membrane spheres, each about 85 ang-
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One day we discovered that this enzyme
was “cold labile”: at 0 degrees centi-
grade it lost all activity in a few hours,
but at room temperature it was stable
for days. That was a turning point in
our investigations; from then on purifi-
cation was simple. Furthermore, we had
a decisive tool for determining the re-
lationship between ATP-ase and cou-
pling factor. The fact that both activities
decayed at the same rate at 0 degrees
indicated that the same protein was re-
sponsible for both.

Chemical fractionation of F; gave us
a pure enzyme in good yield. In fact, at
first the yield seemed to be too good:
often our final preparation had more
units of ATP-ase than we had estimated
were present in the crude preparation.
Moreover, the ratio of coupling activity
to ATP-ase activity was not constant
during purification. An examination of
these discrepancies by Pullman re-
vealed that the crude mitochondrial ex-
tract contained a protein that inhibited
ATP-ase activity but not coupling activ-
ity, and that the removal of this inhibitor
during purification explained the un-
expected increase in total ATP-ase ac-
tivity.

’I‘he purified F; had one puzzling

property. Whereas Lardy and his col-
laborators had shown that both oxidative
phosphorylation and the ATP-ase activ-
ity of mitochondria were very sensitive
to oligomycin, our soluble enzyme was
completely insensitive. This apparent
discrepancy caused some of our col-
leagues to challenge the significance of
our observations with the soluble en-
zyme. I had heard that the late Oswald
T. Avery had once said: “It doesn’t mat-
ter if you fall down, as long as you pick
up something from the floor when you
get up.” And so we accepted the chal-
lenge and embarked on a project to find
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out why oligomycin inhibited the en-
zyme in mitochondrial particles but not
the soluble enzyme.

We started with the working hypoth-
esis that there must be a component in
mitochondria that confers oligomycin
sensitivity on the enzyme. To show this
we first had to prepare submitochondrial
particles from which all the bound,
oligomycin-sensitive ATP-ase had been
removed, then add F, to them and ob-
serve what happened. We were able to
eliminate the ATP-ase activity from par-
ticles by treating them with urea at 0
degrees, but to our surprise oligomycin-
sensitive ATP-ase activity kept reappear-
ing on dilution or aging. It developed
that most of the ATP-ase in submito-
chondrial particles was latent—masked,
apparently, by Pullman’s inhibitor—and
was more resistant to urea than the mani-
fest enzyme was. We had to learn how
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stroms in diameter (b). The inner membrane, with its spheres, is
the site of oxidative phosphorylation. Mitochondria exposed to
sonic oscillation become fragmented into small submitochondrial
particles (c), which are still capable of oxidative phosphorylation.
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and proteins are partially metabolized and then, in mitochondria,
enter the Krebs cycle, in which they are broken down to carbon
dioxide. In the process hydrogen atoms are accepted by the coen-
zyme diphosphopyridine nucleotide (DPN). The chain of respira-

to unmask this ATP-ase by removing the
inhibitor before urea treatment. We
found that if submitochondrial particles
were first treated with trypsin, a diges-
tive enzyme, and only then with urea,
the resulting “TU particles” were de-
pleted of virtually all ATP-ase activity
[sce middle illustration on next page].
More recently, when we found that the
trypsin was damaging the mitochondrial
membrane, Lawrence Horstman of our
laboratory discovered that the inhibi-
tor could be removed more gently by
passing the submitochondrial particles
through a column of Sephadex, a mo-
lecular sieve that separates small bodies
from large ones. When this procedure is
followed by treatment with urea, the
resulting “SU particles” are analogous
to TU particles but are much more effec-
tive in reconstitution experiments.

When we added F, to TU or SU parti-
cles, the enzyme was bound to the parti-
cles and the ATP-ase activity became
not only sensitive to oligomycin but also
stable at 0 degrees. Thus our working
hypothesis was confirmed: mitochondria
contain a component or components that
alter the properties of F;. We have be-
come increasingly aware that this phe-
nomenon is not unusual. Enzymes bound
to membranes almost invariably have
some properties that are different from
those of the same enzymes in solution.
Gottfried Schatz of our laboratory sug-
gested the word “allotopy” (from the
Greek for “other” and “position”) to
designate this phenomenon. We ob-
served, furthermore, that the properties
not only of the enzyme but also of the

RESPIRATORY CHAIN

membrane to which it is attached are
changed depending on whether they
are separate or bound to one another
[see top illustration on page 37]. An al-
lotopic property of an enzyme can be
used to devise a quantitative assay to
serve during the purification of the mem-
brane, since one can test successively
purer membrane preparations to see if
they are still capable of changing the
properties of the added enzyme.

'he TU particles that conferred oligo-
- mycin sensitivity on F still contained
the entire electron-transport chain, and
we went on, with the allotopic proper-
ty of F; as the tool, in an attempt to fur-
ther resolve this membrane system. One
day I subjected TU particles to sonic
oscillation without including the usual
salt buffer. Centrifugation of the result-
ing mixture at high speed yielded a
soluble extract that conferred oligomycin
sensitivity on F;. We called the factor
responsible for this property F,. The dis-
covery seemed even more exciting when
the soluble preparation turned out to
contain the entire electron-transport
chain and even some residual phospho-
rylating activity: it appeared that we had
actually rendered the entire system sol-
uble. Then the addition of salt solution
made the preparation turbid, which
meant that particles had formed from
the soluble system. In other words, in
the presence of salt buffer—which must
be added in biological experiments to
keep the medium constant—F, was still
particulate. At the time this was dis-
appointing, but the observation led us
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tory enzymes, including flavoproteins (FP) and cytochromes b, c,,
¢, a and a,, catalyze a stepwise transfer of electrons to form water.
At three sites phosphorylation is “coupled” to electron transfer. It
can be uncoupled by dinitrophenol and inhibited by oligomycin.

into new investigations of the relation
between membrane structure and func-
tion.

In collaboration with Donald F. Par-
sons of the University of Toronto Faculty
of Medicine and Britton Chance of the
University of Pennsylvania School of
Medicine, we examined all our membra-
nous preparations of F, by negative
staining in the electron microscope. We
saw, first, that the submitochondrial par-
ticles we had started with were similar
to those prepared by earlier investiga-
tors: sac-shaped structures outlined by a
membrane that was covered with the
characteristic “inner-membrane spheres”
that had been discovered by Humberto
Fernandez-Moran of the University of
Chicago. The treatment with trypsin
caused little change in structure. Sub-
sequent treatment with urea, however,
had a dramatic effect: although it left
the membrane intact, it removed the
inner-membrane spheres [see bottom
illustration on next page]. This was un-
expected, since David Green had once
maintained that these spheres, which
he called “elementary particles,” repre-
sented groups of enzymes of the elec-
tron-transport chain [see “The Mitochon-
drion,” by David E. Green; SCIENTIFIC
AMERICAN, January, 1964]. We had
found, on the contrary, that the TU par-
ticles (which lacked spheres) contained
the entire electron-transport chain!

If the spheres did not contain respira-
tory enzymes, what did they contain?
We calculated that most of the protein
removed by urea treatment could be ac-
counted for by the removal of ATP-ase,
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oscillation (1) are centrifuged at low speed to separate particles from intact mitochondria
(2). Then the particles are spun at high speed. The resulting light fraction (3) contains a
soluble component (F,) that is required for ATP production in the course of oxidation.
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ENZYMATIC ACTIVITY (ATP-ase activity) of soluble F, was found resistant to oligo-
mycin, unlike that of the intact membrane. To see if the membrane conferred this sensi-
tivity on soluble F, it was first necessary to remove all native F, from the membrane. Most
of the F, is masked by an inhibitor (bars), however; treatment with urea removed only
exposed F |, and ATP-ase activity reappeared («). The destruction of inhibitor by trypsin
(b) exposed the latent F; to removal by urea. Later Sephadex was substituted for trypsin.

ELECTRON MICROGRAPHS trace the procedure diagrammed in the preceding illustra-
tion. The membrane of submitochondrial particles, enlarged about 100,000 diameters, is
lined with inner-membrane spheres (left). Trypsin has little effect on appearance (center).
Urea removes the spheres from the particles, leaving “T'U particles” without spheres (right).

36
© 1968 SCIENTIFIC AMERICAN, INC

and so we suspected that the spheres
were identical with F;. \We were en-
couraged in this belief when a prepara-.
tion of pure F; turned out to have the
characteristic appearance of the 85-ang-
strom-unit inner-membrane spheres [sce
micrograph at bottom left on page 33].

One further experiment was needed
to identify F; unambiguously with the
spheres: the reconstitution of a depleted
particle by the addition of F,, resulting
in the restoration of the submitochondri-
al particle’s typical shape and function.
This was accomplished only recently, af-
ter the development of the SU particles.
The addition of F; to these particles
yielded a preparation that was indistin-
guishable in structure from fully func-
tional submitochondrial particles [sec il-
lustration on page 33] and confirmed
that coupling factor F, is identical with
the inner-membrane spheres.

The morphological reconstitution was
not paralleled by restoration of function,
however. In an effort to regain oxidative
phosphorylation we added three more
coupling factors, F.,, F; and F,—proteins
that had been obtained from mitochon-
dria by various extraction procedures.
SU particles reconstituted with all four
coupling factors oxidized succinate, a
compound of the Krebs cycle, with a
high efficiency of ATP synthesis: for each
molecule of oxygen consumed, up to 1.8
molecules of ATP were formed. That is
very close to the best value—two mole-
cules—that can be achieved with intact
mitochondria.

Wfith these experiments one of the

aims of our investigation had been
achieved: a resolution of soluble compo-
nents and a reconstitution of structure
and function. Another aim has been to
get some insight into the mode of action
of the coupling factors. How do they fit
into the mechanism of oxidative phos-
phorylation?

There are currently two views of the
general nature of that mechanism. One
is a chemically oriented hypothesis orig-
inally suggested by E. C. Slater of the
University of Amsterdam in 1953, in
analogy to the mechanism of ATP for-
mation in glycolysis. It proposes that
during electron transport high-energy
intermediate compounds (A~x, B~uv,
C~x) are formed at each coupling site,
composed of a member of the respira-
tory chain (A, B, C) and an unknown (x).
These compounds are transformed into
a common intermediate by interaction
with another unknown (y) to form x~y.
This intermediate in turn combines with
inorganic phosphate to yield x~ P, which



ATP-ase

ALLOTOPIC PROPERTIES of purified F; and the mitochondrial
membrane are indicated. The ATP-ase activity of particles (a) was
known to be sensitive to oligomycin (light color). When soluble
Fl was discovered (b), it was found to be resistant to oligomycin

ultimately transfers its energetic phos-
phate group to ADP to form ATP.

Recently Peter Mitchell of the Glynn
Research Ltd. laboratories in England
has challenged this chemical hypothesis
with some new and provocative ideas.
Instead of a high-energy intermediate
compound of the respiratory chain, he
proposes that an electrical potential de-
velops during respiration that provides
the energy for ATP production: The pos-
itively charged hydrogen ions (protons)
are moved to one side of the membrane
while the negatively charged electrons
are channeled to the other side. The
separation of charges is utilized by a
complex mechanism to give rise to the
high-energy intermediate x~y, which
powers the formation of ATP. At the
core of this hypothesis is an ATP-ase
located in the inner membrane.

In some respects the two hypotheses
are not much difterent: both include a
high-energy intermediate, x~y, to gen-
erate ATP from ADP and phosphate. In
the Mitchell hypothesis, however, x~y
is formed by means of an electrical mem-
brane potential. This requires a much
higher integrity of the membrane struc-
ture than is required by the chemical
hypothesis. Indeed, Mitchell considers
that uncouplers such as dinitrophenol
act by making the membrane “leaky” to
protons, thus preventing a separation of
charges. It is apparent, therefore, that
further studies of the inner membrane

SU PARTICLES Fq

SU PARTICLES, from which coupling factor F'; had been removed,
were reconstituted to the shape of submitochondrial particles (A4)
by the addition of F, (see micrographs on page 33). To restore

are of utmost importance for the evalua-
tion of the two hypotheses.

What is the role of coupling factor
according to these two formulations?
Mitchell proposes that F,, together with
Fy, represents the reversible ATP-ase
that utilizes the electrical potential to
generate ATP. According to the chemi-
cal hypothesis, F; catalyzes the last step
in ATP formation, the “transphosphoryl-
ation” from x~P to ADP. Indeed, every
reaction associated with oxidative phos-
phorylation that requires ATP can be
shown to be dependent on F;. June Fes-
senden-Raden in our laboratory has pre-
pared an antibody against F; and has
found that these ATP-dependent reac-
tions are inhibited by the antibody.

]11 collaboration with Mrs. Fessenden-

Raden, Richard McCarty and Gott-
fried Schatz, I have recently found thata
coupling factor may have, in addition to
a catalytic function that is inhibited by
its antibody, a second, “structural” func-
tion that is not impaired by the antibody.
Our first example was the stimulation by
F of areaction that is catalyzed by mito-
chondria but does not involve ATP. The
second example was the observation that
in chloroplasts, the energy-generating
particles of plant cells, a coupling factor
(chloroplast F;) is required not only for
all reactions that involve ADP or ATP
but also for a “proton pump” that is driv-
en by light energy without ATP. In con-
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(dark color), and membrane from which F; had been removed (c)
was sensitive to trypsin (light gray). When the enzyme and mem-
brane were bound (d), each was changed: the F, hecame sensi-
tive to oligomycin, the membrane resistant to trypsin (dark gray).

trast to the ATP-dependent reactions,
however, this proton pump was not
inhibited by an antibody against the
chloroplast coupling factor. The factor
therefore appears to contribute to the
integrity of the chloroplast membrane,
which is required for proton transport.
A third example of the “structural”
role of a coupling factor was observed
with a preparation of F; from yeast mito-
chondria, which stimulated phosphoryla-
tion in beef-heart particles that still con-
tained some residual beef F,. This
stimulation was apparently due to a
structural effect of yeast F;, since it was
not inhibited by an antibody against
yeast F';. In beef-heart particles (SU par-
ticles) that were completely devoid of
native Iy, the veast factor had no effect;
apparently it could not fulfill the catalyt-
ic functions of native coupling factor.
We are beginning to suspect that the
dual role played by F, is representative
of a common occurrence in the interac-
tion of enzymes and membranes and is
an imp()rtant expressi()n of the ull()t()py
phenomenon. The contribution of Fy to
the integrity of the mitochondrial mem-
brane and the fact that it is required for
the operation of the proton pump of the
chloroplast have obvious bearing on the
Mitchell hypothesis, and may lead to a
clarification of the role played by the
membrane in oxidative phosphorylation.
While the work with F; was going for-
ward as described above, we therefore

+ SRR -

function as well as structure it was necessary also to add F,, F,
and F,. When this was done, the reconstituted particles (B) were
capable of generating ATP almost as well as intact mitochondria.
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MEMBRANE OF MITOCHONDRION was isolated as shown here.
TU particles were subjected to sonic oscillation, producing F),
which had the capacity to bind F,. When F, was dissolved in cho-

also pursued the problem of resolving
the inner mitochondrial membrane. F
had turned out to be a yellow-brown
complex of many components including
the entire electron-transport chain. By
chemical fractionation in the presence of
a bile salt, Yasuo Kagawa isolated a vir-
tually colorless fraction (CF,,) with some
interesting properties. It lacked respira-
tory activity, having lost almost all the
flavoproteins and cytochromes present in
the original submitochondrial particles,
and it contained only traces of phospho-
lipids, the fat constituents of the mem-
brane.

When F; was added to CF,,, the ATP-
ase activity of F; was almost completely
inhibited. The subsequent addition of
phospholipid to this inactive complex
fully restored ATP-ase activity, which

CF, FRACTION, enlarged about 250,000 diameters in an electron
micrograph, appears amorphous (left). When F, is added to the
CF ; preparation, it appears that the F; spheres attach themselves to
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was now sensitive to oligomycin! Equally
striking results were observed in the elec-
tron microscope. CF,, was amorphous.
After the addition of F; numerous inner-
membrane spheres became attached to
CF,, which remained amorphous. Then,
with the addition of phospholipid, the
characteristic saclike membranous struc-
tures covered with spheres became ap-
parent [see illustration below]. They
could not be distinguished from func-
tional submitochondrial particles, even
though they lacked major components
of such particles, the respiratory en-
zymes. These enzymes had always been
assumed to be an integral part of the
inmer membrane—and now they were
found not to be present in what appears
to be the isolated membrane. How, then,
are the 1‘espirat01'y enzymes associated
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SALTING OUT

RESUSPENDED
IN SUCROSE
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CFo

late and fractionated by “salting out,” the colorless precipitate
CF, was obtained. It lacked respiratory enzymes and lipids; added
to F,, it inhibited ATP-ase activity. Addition of phospholipid

with the membrane? What are the con-
stituents of the inner membrane itself?
How are they organized?

To answer some of these questions we
proceeded to disrupt the membrane fur-
ther to see which constituents were nec-
essary for the interaction with F;. Sev-
eral years ago Thomas E. Conover and
Richard L. Prairie in our laboratory had
separated a coupling factor, F,, that
was necessary for phosphorylation in
particles obtained by sonic oscillation of
mitochondria under highly alkaline con-
ditions. When Kagawa exposed TU par-
ticles to sonic oscillation under alkaline
conditions, after high-speed centrifuga-
tion he obtained a sediment (“TUA par-
ticles”) that no longer made F, sensitive
to oligomycin. The addition of F, to
TUA particles restored oligomycin sen-

the CF,, but no distinct structure is seen (center). When phospho-
lipids are added, the distinct structure that emerges (right) re-
sembles that of submitochondrial particles. In other words, CF,



INACTIVE

ADD F; AND PHOSPHOLIPID

ACTIVE ATP-ase

restored ATP-ase activity, which was now
oligomycin-sensitive. CF, and phospholipid
may thus comprise the membrane proper.

sitivity to the complex. Recent experi-
ments by Bernard Bulos in our labora-
tory at Cornell University revealed that
F is bound by TUA particles in the pres-
ence of salt but is nevertheless not in-
hibited by oligomycin. On addition of
small amounts of a highly purified prep-
aration of F, he observed a time-depen-
dent restoration of oligomycin sensitivi-
ty, suggesting that an enzymatic process
may be taking place. This is the first clue
to the mode of action of F,.

Several years ago Richard S. Criddle,
Stephen H. Richardson and their col-
laborators at the University of Wisconsin
isolated an insoluble “structural protein”
from mitochondria with the help of de-
tergents and solvents. Our crude prepa-
ration of F; was similar to that protein in
its capacity to combine with some flavo-

SONIC
OSCILLATION
AT pH 10 AND

CENTRIFUGATION

TU PARTICLES

OLIGOMYCIN-

SEDIMENT

INSENSITIVE
*
*
x ¥
) Fy #*
OLIGOMYCIN-
SENSITIVE

COUPLING FACTOR F is apparently required for oligomycin sensitivity. When TU parti-
cles are broken down under alkaline conditions, the sedimented particles cannot confer
oligomycin sensitivity on F,. Addition of F, in the presence of salt restores this capacity.

proteins and cytochromes of the respira-
tory chain but, not having been exposed
to damaging chemicals, it remained solu-
ble. In the electron microscope it ap-
peared quite amorphous. When phos-
pholipids were added to soluble F,,
however, a precipitate formed that ap-
peared to be membranous and shaped
into sacs [see illustration at right below].
We have therefore proposed that F,
may have a function as an organiza-
tional protein in the mitochondrial mem-
brane—a kind of backbone for the asso-
ciation of the respiratory enzymes and
the coupling factors involved in the
transformation of oxidative energy into
ATP.

With this concept as a working hy-
pothesis we have embarked on what
promises to be a long and venturesome

journey. Taking the membrane-like com-
plex of F, and phospholipid as starting
material, we are adding isolated soluble
flavoproteins and cytochromes of the res-
piratory chain step by step, checking at
each stage to see if some of the allotopic
properties of the respiratory chain are
restored. In our laboratory Alessandro
Bruni and Satoshi Yamashita have con-
stituted sections of the respiratory chain
with the appropriate allotopic properties
(such as sensitivity to the respiratory poi-
son antimycin). These experiments have
given us confidence that we shall eventu-
ally achieve a complete reconstitution of
the respiratory chain from soluble com-
ponents. Then we shall turn to the final
task: the reconstitution of the system of
oxidative phosphorylation from its indi-
vidual components.

and phospholipid seem to suffice, without
respiratory enzymes, to bind F; and reconsti-
tute the shape of submitochondrial particles.

F, PREPARATION, seen in an electron micrograph at a magnification of 250,000 diam-
eters, appears to be amorphous (left). The addition of phospholipid to soluble F, yields
particles with a sac-shaped structure similar to that of submitochondrial particles (right).
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ADVANCES IN HOLOGRAPHY

The range of possible uses of this remarkable photographic technique

has grown Consideral)ly m the past four years. In spite of the many

problems that remain, some applications appear feasible at present

s is now widely known, the photo-
A graphic technique called holog-
raphy records a subject not by
the direct process of ordinary photog-
raphy, but by recording the pattern of
wave fronts of light from the subject.
This recorded information is then used
to reconstruct an image of the subject.

Although these basic principles of
holography were described as early as
1947 by Dennis Gabor, it was only after
the introduction of the laser that this
novel technique became truly practical.
Indeed, the introduction of the laser, to-
gether with a modification of the orig-
inal holographic technique, enabled Em-
mett N. Leith and Juris Upatnieks of the
University of Michigan to record holo-
grams that produced highly realistic im-
ages of three-dimensional objects [see
“Photography by Laser,” by Emmett N.
Leith and Juris Upatnieks; SciEnTIFIC
AMERICAN, June, 1965].

Since that time further exploration,
actively undertaken in a number of re-
search laboratories, is demonstrating that
holography is even richer in possible
applications than was at first supposed.
In particular, techniques have been de-
veloped for making holograms that can
be viewed with white light, and also
holograms that reconstruct multicolored
images. Holography has introduced ad-
ditional flexibility into microscopic inves-
tigations and promises to be of particular
importance in the study of biological
subjects. Furthermore, holographic tech-
niques have expanded the uses of inter-
ferometry into new areas and at the same
time have introduced a new simplicity in
some of the existing areas. At present a
considerable amount of effort is being
devoted to the possible use of hologra-
phy in data-processing and the display
of information.

In essence holography is not difficult
to understand, and it is fairly easy to
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by Keith S. Pennington

put into practice. Consider a beam of
coherent laser light (in which all points
on the wave fronts are related in phase)
that is split in transit into two beams [see
upperillustration on page 43]. One beam
illuminates the subject to be recorded,
and the light reflected from this subject
falls on a photographic plate. The other
beam, called the reference beam, is re-
flected from a mirror to the same photo-
graphic plate, where its wave fronts are
superposed on those from the subject.
This results in an interference pattern
that, when the plate is developed, is re-
corded in the form of points of varying
density—increased in density where the
wave fronts arrived in phase and aug-
mented each other, reduced in density
where they were out of phase. The rec-
ord on the photographic plate (the holo-
gram) is simply a pattern of interfering
wave fronts and shows no resemblance to
the recorded subject. Nonetheless, the
record contains “all the information”
about the subject. When the record is
“played back” by shining the reference
beam alone through the hologram, the
reconstructed wave fronts appear to di-
verge from an image of the subject. This
image can then be viewed with the eye
or other optical instruments or recorded
with a camera [see lower illustration on
page 43].

Since the hologram records all the
information contained in a wave front,
the images produced by means of holog-
raphy are extremely realistic. With a
single hologram one can examine a sub-
ject from different points of view and
even focus at different depths through-
out the image. Further, it is possible to
observe the reconstructed images with
such optical techniques as phase-contrast
microscopy, schlieren techniques and in-
terferometry. In fact, for optical pur-
poses a hologram of a subject can often
be as useful as the actual subject, and in
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many instances it can prove even more
useful. In this article I shall review the
areas in which holography has already
been developed to working usefulness,
namely microscopy, interferometry and
multicolor holography (which is called
“volume holography,” referring to the
technique employed).

ln microscopy the holographic tech-

nique makes it possible to overcome
a serious limitation. Subjects such as bio-
logical specimens suspended in a fluid
must often be viewed under very high
magnification. In studies of this type the
microscope is restricted to an extremely
small depth of field, which means that
for any particular setting of the instru-
ment only those parts of the subject in
the immediate vicinity of a single plane
will be in sharp focus. Consequently if
the sample is to be viewed without drift-
ing in and out of focus, it must be either
thinned down to almost two dimensions
or “frozen” into a solid. Often such sam-
ple preparations modify and distort the
specimen.

Holographic techniques can remove
these difficulties in a fairly straightfor-
ward manner. All that is necessary is to
make a short-exposure hologram of the
sample. This will freeze any motion and
also ensure the formation of a hologram
of good quality. Since the hologram re-
cords all the three-dimensional charac-
teristics of the sample, it is not necessary
to prepare samples artificially; thus the
possibility of degrading the specimens
contained in the sample is reduced. The
resulting hologram image can then be
examined at leisure with a microscope.
The microscope can be focused at vari-
ous planes throughout the depth of the
hologram image; in this way the entire
undistorted specimen can be studied.
Moreover, in the reconstruction of the
image from the hologram, it is still pos-



MONOCOLOR HOLOGRAM of a three-dimensional molecular
model was illuminated with reflected white light from a zirconium-
arc lamp and then photographed from two different angles to dem-
onstrate the parallax effect, one of the distinguishing features of
holography, or photography by wave-front reconstruction. In mak-
ing the original hologram, the model was illuminated with a beam
of coherent light from a helium-neon laser and the reflected inco-

MULTICOLOR HOLOGRAM of a small vase was illuminated with

a pair of laser beams in order to make this photograph. The same

wavelengths were used in recording and reconstructing the holo-

gram: 6,328 angstrom units (red) from a helium-neon laser; 5,145
angstroms (green) and 4,880 angstroms (blue) from an argon-ion
laser. The superposed volume holograms (one for each color) have

herent wave fronts were made to interact with a reference beam of
coherent laser light to form an interference pattern, which was re-
corded throughout the depth of the photographic emulsion. The re-
sulting “volume” hologram, in this case one that can be “read out”
in white light, was made by G. W. Stroke and A. E. Labeyrie, then
at the University of Michigan. The development of this technique
has led to “white light” holograms that reconstruct in several colors.

color selectivity adequate to eliminate interaction between the red
and the blue components and between the red and the green com-
ponents. The faint “spurious” images displaced to the sides of the
bright reconstruction at center, however, indicate a slight inter-
action between the blue and the green components. The hologram
was made by A. A. Friesem and R. J. Fedorowicz, also at Michigan.
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MICROSCOPIC HOLOGRAM of a stained biological specimen
preserves the three-dimensional structure of the specimen, unlike an
ordinary two-dimensional photomicrograph. The entire undistort-
ed specimen can later be observed at leisure by selectively focus-
ing the microscope at different depths in the holographic reconstruc-
tion of the specimen. In this case the reconstruction at left shows

INTERFERENCE PATTERNS created by superposing the wave
fronts from the holographic reconstruction of an object and the
reilluminated object itself can reveal minute variations between the
original dimensions of the object and its dimensions at some later
time; the technique can also be used to distinguish between the
original master of a machine tool and subsequent versions. In this
case the object is an automobile cylinder viewed almost end on. The
interference pattern ohserved on the inside surface of the cylinder

a network of nerves in which two “heads,” or synaptic knobs, and
some of the finer detail are in acceptable focus. The reconstruction
at right, focused at a depth 40 microns away from that at left, shows
a third “head” and its associated fibers more clearly. The small-
est fibers visible are less than a micron in diameter. Hologram was
made by Raoul F. van Ligten of the American Optical Company.

wall at left is caused by interference between the reconstruction of
the cylinder and the same cylinder viewed from the other end. The
pattern at right is caused by interference between the reconstruc-
tion of one cylinder and an entirely different cylinder. Such inter-
ference patterns can be analyzed to detect slight differences in the
radii of the two cylinders along their entire length. The tests were
carried out by a group that included E. Archbold, J. M. Burch
and A. E. Ennos of the National Physical Laboratory in England.
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sible to use schlieren and phase-contrast
techniques to bring out various details in
the sample. Hence holography may pro-
vide an inexpensive and often preferable
alternative to present techniques of sam-
ple preparation.

Holography promises to be an effec-
tive way to keep detailed records of bi-
ological and physical phenomena. It also
gives one the opportunity to conduct
many optical observations a second time
on the “original” sample; similarly, it will
allow one to make detailed comparisons
of samples recorded at totally different
times. The observation that one picture
may be worth a thousand words can now
be extended to say that one hologram
may be worth a great many pictures.

Several investigators have applied ho-
lography to the study of biological speci-
mens and have succeeded in producing
highly magnified three-dimensional im-
ages of such subjects [see top illustra-
tion on opposite page]. Among those ex-
ploring this field of application are G. W.
Stroke of the State University of New
York at Stony Brook (formerly of the
University of Michigan) and John F.
Burke of the Harvard Medical School,
who have used white-light-reconstruct-
ing holograms, and Raoul F. van Ligten
of the American Optical Company, who
has conducted some particularly inter-
esting and varied work on biological
samples.

In the area of microscopic examina-
tion of physical phenomena, Brian J.
Thompson, George Parrent, Jr., and their
co-workers at Technical Operations,
Inc., have demonstrated that holography
can be a powerful instrument for study-
ing the properties of a gas containing a
suspension of microscopic particles. By
making high-speed holograms of particle
suspensions with the light from a pulsed
laser, and then examining the recon-
structed image with a microscope, they
were able to measure the distribution of
the particles according to size and vari-
ous other properties. Heretofore detailed
information of this kind has not usually
been available to direct observation; it
could only be deduced in statistical
terms. It appears that holography may
now provide a means of checking the-
ories concerning the scattering of light
by suspensions of small particles.

Since holography consists of recording

an interference pattern, it has prob-
ably occurred to the reader that it bears
an uncommonly close resemblance to
interferometry, that traditional field of
physical optics. This resemblance, of
course, is not a coincidence. The only
basic difference between holography and

conventional interferometry is that in
holography one generally records ex-
tremely complex interference patterns.
Perhaps even more important, holog-
raphy at its conception was meant to be
a technique for recording wave fronts, in
contrast to the more common use of in-
terferometers for analyzing wave fronts.

As is often the case, one of the first
areas to benefit from the new technique
was the area that gave rise to it. So it
was that holography was responsible
for introducing a new range of powerful
methods to interferometry. Interferom-
etry has commonly been used for the
precise measurement and comparison of
wavelengths, for measuring very small
distances or thicknesses (of the order of
wavelengths of light), for detecting dis-
turbances or inhomogeneities in optical
mediums, for determining the refractive

indexes of materials, and so on. To these
functions the technique of holographic
interferometry adds capabilities for
studying phenomena that were formerly
considered virtually inaccessible. Fur-
thermore, holography makes interfer-
ometry less complicated by relaxing
some of the exacting requirements that
have attended this technique. For ex-
ample, holography eliminates the neces-
sity of using optical components of ex-
tremely high quality. This advantage is
particularly useful when the phenomena
under study take place in a closed vessel
and must be measured interferometrical-
ly through windows. Holography makes
it possible to distinguish the relevant in-
formation from the spurious, and thus it
permits accurate interferometric experi-
ments on any material and in almost any
environment.

RECORDING STAGE of a simple holographic process is shown in this schematic drawing.
Two beams are derived from a single laser by means of a beam splitter, such as a half-sil-
vered mirror. One beam is used to illuminate the object, while the other is used as a refer-
ence beam. The reference beam and the light reflected from the object are then allowed to
interfere, and the resulting interference pattern is recorded on a photographic plate, form-
ing the hologram. Microscope lenses broaden both beams without affecting their coherence.

RECONSTRUCTION STAGE of the simple holographic process begun at top is shown here.
The hologram is illuminated by the reference beam alone, producing replicas of the wave
fronts reflected from the original object, even though the object may long since have been
removed. The reconstructed wave fronts can be observed either visually or with a camera.
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Let us consider, for example, a rerun
on the reconstruction of a subject’s im-
age from a hologram. If the hologram
and the subject are returned to precise-
ly the same relative positions they had
occupied during the original exposure,
and both are again illuminated by the
same direct and reference beams as be-
fore, we will observe the wave front from
the subject superposed on the recon-

structed wave front from the hologram.
These two wave fronts are coherent and
could interfere. If any change has taken
place in the phase distribution of the
light from the subject, there will be light
and dark interference fringes that indi-
cate the degree to which the phase of
the light distribution has changed. This
change will measure precisely any alter-
ation that has taken place in the subject

or in the density of the medium through
which the beams have passed. Like oth-
er kinds of interferometry, the technique
readily detects changes that produce op-
tical-path differences of the order of a
fraction of the wavelength of light. Un-
like other kinds of interferometry, how-
ever, the technique makes it possible to
perform experiments quite 1'eadi]y with
almost any type of material.

DOUBLE-EXPOSED HOLOGRAM of a bullet in flight (left) was
made by a method called time-lapse interferometry. A pulsed ruby
laser was used to record two high-speed exposures, the first with the
bullet absent and the second with the bullet present. The resulting
hologram (which actually consists of two superposed holograms)
was then illuminated to reconstruct both the original and the
changed wave fronts simultaneously. The interference of these

TWO OTHER EXAMPLES of double-exposed holograms made by
the time-lapse interferometric technique are shown here. At left is
a photograph of the reconstructed image of a fruit fly in flight, also
made by the group at TRW Inc. A pulsed ruby laser was again used
for the two exposures, the first with the fruit fly present and the
second with it absent. The vertical streaks are part of the compres-
sional wave produced by the beating of the fly’s wings. At right is
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respective wave fronts produced the image of the shock wave and
the turbulence in the wake of the bullet. A singly exposed holo-
gram of an identical bullet in flight is shown at right for contrast.
Very little structure is visible in the shock wave and the wake is no
longer discernible. Both bullets were traveling at a velocity of
approximately 3,500 feet per second. The holograms were made by
R. E. Brooks, L. O. Heflinger and R. F. Wuerker of TRW Inc.

the reconstructed image of a bismuth-telluride thermoelectric de-
vice. The exposures were made with and without current passing
through the device. The “bow type” distortion characterized by the
circular interference fringes arises from the temperature gradient
set up between the front and back surfaces when a current is ap-
plied. This work was performed by the author with R. A. Wolfe,
R. J. Collier and E. T. Doherty of the Bell Telephone Laboratories.
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The imp()rtunce of this feature is more
easily appreciated if one considers the
degree of difficulty involved in studying
any everyday object with the previously
existing interferometric techniques. The
surfaces of the subject are normally
rough in terms of wavelengths of light,
and there are often hundreds of such
surface details per square millimeter of
surface area. Consequently the inter-
ference between a wave front from such
a subject and a simple plane wave would
be extremely complex. We have all these
interference fringes to observe even be-
fore we have deformed the object in
some way. Deformation of the subject
would likewise produce a highly com-
plex interference pattern. The use of
normal interferometric techni(lues has
therefore left us with the difficult task of
comparing and analyzing two extremely
complex interference patterns.

The hologram, on the other hand, re-
cords all the information contained in
the wave front of the subject even down
to the smallest surface details. The in-
terference between the reconstructed
wave front from the hologram and the
wave front from the deformed subject
will show an overall interference pattern
that reflects the manner in which the
subject has changed as a whole. In short,
the technique of holographic interfer-
ometry extracts the relevant information
from a mass of spurious information
and displays any changes in a readily
observable way. By the same token, a
holographic picture is not confused by
minor flaws in the window or any other
optical medium through which the sub-
ject is observed, as long as the flaws do
not change.

This ability of holography to deal with
complex subjects makes it feasible to
conduct interferometric experiments on
a great variety of materials and phenom-
ena, such as concrete, rock specimens,
metal objects, electronic components,
flow lines and shock waves in wind tun-
nels, and so on. It should even be pos-
sible to follow the course of chemical re-
actions and diffusion.

" hree techniques for employing holog-

- raphy in interferometric studies have
been explored. They are called real-time
interferometry, time-lapse interferome-
try and time-averaged interferometry. I
have already described the method used
for studies in real time; it allows us to
observe changes in a subject as they
occur.

The time-lapse technique records the
situation before and after a change has
taken place. Both views of the subject
are recorded in the same hologram. The

hologram is a double exposure, with the
second pattern of wave fronts super-
posed on the first; it reconstructs both
wave fronts simultaneously. These wave
fronts interfere and in doing so exhibit
the changes that have occurred in the
subject between the first and the second
exposure.

Robert E. Brooks, Lee O. Heflinger
and Ralph F. Wuerker of the TRW Sys-
tems Group have made several spectacu-
lar time-lapse holograms of subjects in
very rapid motion. Using ruby lasers that
emitted extremely brief pulses of light to
freeze the motion, they obtained de-
tailed pictures of the shock waves and

the wake from a bullet in flight [see
upper illustration on opposite pagel;
they also photographed the compression-
al wave produced by a fruit fly beating
its wings [see illustration at lower left on
opposite page]. With time-lapse holog-
raphy a group of us then working at the
Bell Telephone Laboratories were able
to picture the slight distortion that took
place in a thermoelectric device as a re-
sult of temperature gradients that were
set up when a current was applied [see
illustration at lower right on opposite
page].

The third area, time-averaged inter-
terometry, was actually the first of the

“TIME-A VERAGED” HOLOGRAMS of the vibrating bottom of a 35-millimeter film-can
record the interference patterns associated with the modes of vibration of the can at six
different resonant frequencies. The amplitude of each vibration can be measured by count-
ing the number of fringes. The difference in amplitude in going from one bright fringe to
the next bright fringe is approximately a half-wavelength of the light used to expose the
hologram. The holograms were made by R. L. Powell and K. A. Stetson, then at Michigan.
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IN A VOLUME HOLOGRAM the fine details of the interference
pattern are much smaller than the thickness of the photograph-
ic emulsion and hence are recorded throughout the depth of the
emulsion. This makes it possible to record several colors as vari-
ations in the opacity of the emulsion throughout the depth. In the
diagram at left two plane waves are shown interfering at a large
angle in a silver-halide emulsion. The resulting hologram consists

of a sinusoidal distribution of silver grains deposited in planes

throughout the emulsion. The interference maxima lie along the bi-
sector of the angle between the interfering beams. Reconstruction
is accomplished by Bragg reflection from the interference planes
(right). The volume hologram is illuminated with a plane wave
that strikes the hologram at the same angle as the original refer-
ence beam did. At those wavelengths that satisfy the Bragg-reflec-
tion condition the waves reflected from successive planes are in
phase and give rise to a replica of the other original plane wave.

three techniques to be demonstrated.
This technique, which was reported by
Robert L. Powell and Karl A. Stetson
while they were at Michigan, is based on
the use of long exposures to record an
object’s motion. It is used primarily to
study a subject in rapid vibration. The
technique is analogous to a time expo-
sure of a swinging pendulum in ordinary
photography. Whereas a long time ex-
posure of a speeding car results in a
photograph that is little more than a
smear, a similar exposure of a pendulum
produces recognizable images of the
pendulum at the two ends of its swing.
The reason, of course, is that the pendu-
lum spends more time there than at any
other point in the swing, so that the
record in the photographic emulsion is
densest at those two positions. Similarly,
a hologram made with a long exposure
(long in relation to the subject’s oscilla-
tion period) will record wave fronts most
densely at the two extreme positions of
the subject’s vibratory motion. It is natu-
ral to expect that the reconstructed wave
front from a time-averaged hologram
should approximate a double-exposed
hologram in which the subject is record-
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ed at the two extreme positions of its
vibrating motion. The interference pat-
tern would then provide a precise mea-
sure of the amplitude of vibration of the
subject. It should be added that whereas
the rigorous analysis of the subject is
somewhat more complex, the general
conclusions are similar. This technique,
although not widely applicable, is high-
ly useful for detecting and examining
extremely rapid, short-amplitude vibra-
tions [see illustration on preceding page].

In the applications I have discussed so

tar the hologram, or interference pat-
tern, recorded in the photographic emul-
sion is essentially two-dimensional. Un-
der certain conditions, however, the fin-
est details of the interference pattern
can be made so small that they have di-
mensions close to the wavelength of the
light. In most cases this is far smaller
than the thickness of the photographic
recording medium. The recorded inter-
ference pattern must then be considered
to possess depth, since the fringes are re-
corded throughout the thickness of the
recording medium. We thus have a “vol-
ume hologram” that is in effect a three-
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dimensional diffraction grating. Such a
hologram will diffract light in much the
same way that a crystal diffracts X rays.
This property introduces new possibili-
ties in the technique and applications of
holography.

A volume hologram can be produced
by directing the reference beam to the
photographic plate from a direction such
that the angle between the reference
beam and the rays of light from the sub-
ject is fairly large [ see illustration above].
The interference pattern will then have
details smaller than the thickness of the
photographic emulsion. As long as the
emulsion has sufficient resolving capabil-
ities, it will record these details through-
out its entire thickness. As was indi-
cated earlier, the resulting hologram dif-
fracts light in the same way that a
crystal diffracts X rays. As a result we
can apply the classic Bragg reflection
equations (derived from X-ray crystal-
lography) to predict the nature of the
wave front that will be reconstructed
when we illuminate such a hologram.

The Bragg-reflection condition places
restrictions on the reconstructed wave
front. Unlike two-dimensional holo-



grams, which will diffract all colors re-
gardless of the angle of the incident il-
lumination, volume holograms are both
angle-selective and color-selective. When
illuminated at a particular angle, volume
holograms reconstruct in a particular col-
or. By the same token, to reconstruct a
volume hologram with a particular color
beam it is necessary to illuminate the
hologram at a particular angle. It is this
relation between the angle of illumina-
tion and the wavelength of the illuminat-
ing source that is determined by the
Bragg-reflection condition.

This can be illustrated by considering
the simplest form of a volume hologram,
which consists of a set of periodic planes
of silver deposited in the photographic
emulsion. Such a hologram could be
formed by allowing two plane wave
fronts to interfere at large angles in the
photographic emulsion. If this volume
hologram is illuminated by a beam con-
taining a mixture of wave fronts (for ex-
ample white light), a small fraction of the
light will be “reflected” from each of the
silver planes. At those wavelengths that
satisfy the Bragg condition, however, the
waves reflected from successive planes
are in phase and give rise to a large dif-
fracted amplitude. At other wavelengths
the waves are not reflected in phase and
therefore do not contribute appreciably
to the total diffracted wave front.

The thicker the volume hologram, the
narrower the spectral band of light that
is diffracted at a given angle of illumina-
tion, that is, the more selective the holo-
gram will be with respect to wavelength,
or color. Hence a volume hologram of
adequate thickness will select a narrow
band of wavelengths from the beam of
mixed light and yield a good reconstruc-
tion of the original recorded wave front.
This situation differs considerably from
the case of the two-dimensional holo-
gram. As I have pointed out, such holo-
grams will diffract all the wavelengths
present in the illuminating source. The
total diffracted wave front will give rise
to a superpositi(m of reconstructions
at all wavelengths. Since the different
wavelengths are diftracted at different
angles, the resulting reconstruction will
be an unrecognizable “rainbow” smear.
This can be avoided and a good recon-
struction obtained simply by passing the
white light through a color filter. A vol-
ume hologram in effect performs this
function of color-filtering internally.

L. H. Lin of Bell Laboratories and 1
were able to use these principles to form
volume holograms in two colors that
yielded a clear image of the subject. We
used a beam containing blue light from
an argon laser and red light from a heli-

um-neon laser. The light from the sub-
ject and the reference beam made an
angle of approximately 90 degrees with
each other at the photographic plate [sce
upper illustration below]. The emul-
sion in effect contained two holo-
grams superposed on each other, one

made by interference in red, the other by
interference in blue. If the hologram had
been made in a single plane, the recon-
structed picture would have contained
three images: a correct image combining
red and blue, a spurious image in red and
a spurious image in blue [see lower illus-

SIMPLE ARRANGEMENT for making multicolor volume holograms is represented in this
schematic drawing. The subject is illuminated with a beam of light containing a blue com-
ponent from an argon-ion laser and a red component from a helium-neon laser. The dif-
fracted light from the subject is then allowed to interfere with a mixed reference beam
derived from these two lasers. The large angle between the diffracted beam and the refer-
ence beam ensures that the smallest detail of the interference pattern is far smaller than the
thickness of the photographic emulsion. The resulting hologram is actually a superposition
of two holograms, one made by interference in red and the other by interference in blue.

SPURIOUS IMAGES are generated in the reconstruction of a multicolor hologram when
the photographic emulsion is insufficiently thick, as in the case of the so-called planar holo-
gram shown here. The spurious blue image in this case is caused by the diffraction of blue
light by the red part of the hologram, and the spurious red image is caused by the diffrac-
tion of red light by the blue part of the hologram. For an original n-color hologram the
reconstruction would consist of one image with the correct color mix and n(n — 1) spuri-
ous images. The spurious images are eliminated by making the hologram sufficiently thick.
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WHITE-LIGHT-RECONSTRUCTING HOLOGRAMS differ from other volume holograms
in that the reference and subject beams are introduced from opposite sides of the photo-
graphic plate. The interference pattern recorded in the emulsion in this case will take the
form of a series of planes almost parallel to the surface of the emulsion. Reconstruction
of such holograms will again take place by Bragg reflection from the developed silver
planes in the emulsion. However, because of the large angle at which the reconstructing
beam will be reflected from the silver planes, interference will occur between waves that
are backscattered by the planes. As a consequence the resulting hologram will diffract
a fairly narrow band of wavelengths when illuminated by a small white-light source.

FIRST VOLUME HOLOGRAMS were made in 1962 by Yu. N. Denisyuk of the US.S.R.,
using an optical arrangement in which the light reflected from the subject interferes with
the light traveling toward the subject. The resulting interference pattern is then recorded
in the photographic emulsion. Although his technique was adequate to form volume holo-
grams of simple subjects, the absence of a separate reference beam limited its applicability.

tration on preceding page]. This relation
would hold for a two-dimensional holo-
gram in any number of colors; such a
hologram in n colors would yield n(n — 1)
spurious images. Because of the Bragg-
reflection condition our volume holo-
grams eliminated spurious images. These
early volume holograms could not recon-
struct a clear image with white-light il-
lumination. The emulsion we used was
not thick enough to provide sufficient
color selectivity at the angles of beam in-
tersection we employed.

Experimenters at Michigan have also
reported successful efforts in volume
holography. A. A. Friesem extended the
techniques of multicolor holography to
compose a volume hologram in three col-
ors: red, blue, and green [see Dottom
illustration on page 41]. He also success-
fully used volume holograms to suppress
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the conjugate real image that appears
in normal monocolor planar holograms.
Leith and his co-workers have produced
a sequence of volume holograms with
the recording photographic plate set at
different angles, so that when the plate
was later rotated in the reference beam,
the series of reconstructed pictures made
an animated movie.

As work on volume holograms pro-
ceeded, Stroke and A. E. Labeyrie at
Michigan, Charles M. Schwartz at the
Battelle Memorial Institute and Leith
and his colleagues at Michigan reported
success in producing holograms from
which good images could be reconstruct-
ed with white light. They achieved this
not by increasing the thickness of the
photographic emulsion but by enlarging
the angle between the reference and sub-
ject beams. The beams were directed at
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the photographic plate from opposite
sides, forming an interference pattern
whose planes were nearly parallel to the
surface of the emulsion [see upper illus-
tration at left]. Reconstruction of these
holograms again takes place by Bragg re-
flection. Under these conditions, how-
ever, the holograms diffract a fairly nar-
row band of wavelengths when illumi-
nated with a small white-light source.
The subsequent development of this
technique has led to formation of white-
light volume holograms that reconstruct
in several colors. Stroke and Burke have
also used white-light holography to pho-
tograph specimens of biological tissue
and have been able to produce high-res-
olution images over a wide field of view.

I,{istorically the recording of interfer-

ence patterns throughout the vol-
ume of a photosensitive material is a
very old subject. As early as 1891 the
eminent French physicist Gabriel Lipp-
mann discovered a way to store informa-
tion throughout the volume of a photo-
graphic emulsion. By recording standing
waves in an emulsion (produced by a
beam of light reflected back on itself), he
was able to develop an early form of
color photography. This technique, al-
though interesting, proved to be imprac-
tical and for many years remained mere-
ly a scientific curiosity. In 1962 Yu. N.
Denisyuk of the U.S.S.R. combined the
Lippmann technique of recording stand-
ing waves with the original technicjues
of holography to make volume holo-
grams [see lower illustration at left].
With this technique he was able to re-
cord holograms of fairly simple subjects.
Denisyuk’s technique, like the original
holographic technique, had several dis-
advantages; it was the advent of the
separate reference beam that indicated
the way to a more general applicability
of volume holograms.

Holography has been the scene of con-
siderable activity in the past few years.
It is perhaps needless to say that the ac-
tivity has not been confined to the lim-
ited areas discussed in this article. Con-
siderable effort has been expended in
the area of data-processing and related
subjects. These areas are exceedingly in-
teresting in themselves and may yet
prove to be the pot of gold at the end of
the holography rainbow. Except for a
few isolated cases, however, these areas
of holography are also the ones that are
presenting the most severe problems. In
the meantime there are many areas in
which holography could be exploited to
great advantage by an investment in the
necessary adaptation or further develop-
ment of the techniques already available.



In hope of doing each other some good

Seth’s shield

Seth C. Hilton, Jr. of
Nashville, Tenn., a pur-
chaser of plastic sheet
extruded from our
TENITE Butyrate, wears
on his right arm a shield
which he has fashioned
from this tough, highly
transparent material.
For two ten-hour peri-
ods each week, the shield
comes off while the two
" indwelling shunts in his
forearm are in use. They serve to attach him to a hemo-
dialysis machine, for Mr. Hilton has no functioning kidneys
of his own. The shield protects the shunts from hazards un-
known to those who go about their work with flesh unpunc-
tured by hardware. The shield takes a nasty rap now and
then around the shop, and it resists crazing that would cut
down the transparency which allows Hilton to keep an eye
out for dangerous blood clots.

We know about Mr. Hilton because he buys the butyrate
sheet from an extruder in quantities to meet his production
needs as a manufacturer. Fortunately from his viewpoint as
a businessman, unfortunately from his viewpoint as a sym-
pathetic human being, and comfortingly from his viewpoint
as a patient, there are many other forearms fitted with in-
dwelling arterial-venous shunts. Marketing problems—bane
of the small and ingenious producer, flaw in Mr. Emerson’s
better-mousetrap theory—do not trouble Mr. Hilton. His out-
put is marketed by a company in the rapidly growing busi-
ness of devices like heart valves, brain implants, and other
mechanical aids against grave physical impairment.

1. That company is Extracorporeal Medical Specialties, Inc.,
Mount Laurel Township, N. J. 08057. It invites correspondence
from the medical profession. The firm attempts to serve as a
source of information on renal dialysis.

2. A newly updated collection of data on the properties that
combine to keep TENITE Butyrate plastic in the fore is available
from Eastman Chemical Products, Inc., Kingsport, Tenn. 37662
(Subsidiary of Eastman Kodak Company). Ask for Materials
Bulletin 33.

Progress through photopolymerization

New applications of photopolymerization phenomena stir
the pot in the electrical-electronic manufacturing industry’s
effort to meet public demand for cleverer frying pans and
faster weather-forecasting computers. We have news both
for those whose circuits have to handle a little power and for
those who have no power-dissipation problems to bar the
way into large-scale integration (“LSI”) on silicon chips.
1. The world-wide physical volume of printed-circuit pro-
duction for appliances, communication, entertainment, in-
strumentation now justifies a type of photo resist which better
fits the roller-coating production machinery that has turned
electrical manufacturers into printers. The new stuff, to be
known as Kopak Photo Resist, Type 4 (KPR-4), combines
the proper viscosity, solvent system, and solids content with
the unexciting but terribly important factor of Kodak prod-
uct predictability. Predictability reduces costs, which tend to
remain higher than they could be as long as the daughters of
the ladies who used to do the wiring sit in similar long rows

touching out pinholes in printed circuits and picking
out nodules of metal where electroplating solution has
found its way through chinks in a resist coating.

2. One month a few people want to understand a concept
like LSI, and three months later the term is heard from every
table in the steak house. Identifiable circuit components fade
dimmer into the complexities of the chip’s architecture. The
number of circuit functions on the chip rises by a power or
two of ten, while the tolerance on placement and width of
the elements of the pattern moves on down toward the wave-
length of light itself. Creation of the original “artwork™ for
optical reduction to masks is getting to be a little too much
to ask of the human hand and mind. Interconnections in the
pattern, we are further told, will have to be determined by
testing each separate chip—such is the combined-reliability
problem. Presumably the proper image will be generated and
somehow imposed on a resist of sufficient resolution. To
have a good one ready will be our part. For the present we
wish to advise that if the new Kopak Photosensitive Metal-
Clad Plate is flooded with nitrogen gas during the exposure,
the 0.6u photopolymer layer over the chrome acquires what
might be considered projection speed, given a strong source.

Those who want details on this or on KPR-4 can get them

from Eastman Kodak Company, Industrial Photo Methods,
Rochester, N.Y. 14650.

False color for the serious worker

The frankly false colors in which EKTACHROME Infrared
AERroO Film, Type 8443, depicts the face of the land are now
widely recognized to help significantly in the hunt for truth.
Whether the truth be sufficient unto itself (as in investigating
possible Viking contacts with the peoples of the Missouri
River Valley in the 14th century) or is being pursued by such
unromantic types as plant pathologists, the daily flow of dis-
course about this product in our mail and in the literature of
several scientific disciplines induces within us a warm glow.
To have had impact on science while directly, if moderately,
benefiting the shareowners feels good. The euphoria is fur-
ther enhanced by the technical depth of the product and the
depths still to be plumbed in making it work better.

We supply this film both in the spoolings required by vari-
ous aerial cameras* and in 20-exposure 135 cassettest for
processing with a Kobpak EkTACHROME Film Processing Kit,
Process E-3.1

The 710-910mu band will come out in red tones, and so
will live foliage, because of its high infrared reflectance.
Without such an overload of infrared, the band of the visible
spectrum seen as green by the eye comes out blue on the
film. The red of the spectrum comes out green. The true blue
and ultraviolet of nature had better be cut out with a Kobak
WRATTEN Filter No. 12 in front of the camera lens.

There will also be some other filters brought into play by a
user prepared to go to some lengths to wring out maximum am-
plification of his color sensitivity for the sake of his particular
brand of objective truth about the world beneath his feet. Nor-
man L. Fritz of the Kodak Research Laboratories gives details
on the selection of these filters in a paper in Photogrammetric

Engineering for October, 1967. Fourteen pages further on in
that journal is a paper on this film in photoarcheology.

*For information on ordering and processing, write Eastman Kodak Com-
pany, Industrial Photo Methods Division, Rochester, N.Y. 14650.
t+Stocked by some Kodak dealers serving scientific clientele. Can be ordered
for you by almost any camera shop.
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A leading manufacturer of pharmaceu-
ticals and chemicals is launching a major
expansion of research and development
programs, providing rare and exciting op-
portunities in a newly formed Advanced
Technology Department for four highly
qualified

Senior Scientists

Anintensive one year collaborative
study to map out a long range multi-
disciplinary research plan in advanced
technology has justbeen completed. The
basic thrust of this program will combine
physical science and engineering to ex-
plore unique applications in heretofore
unrelated fields. Phase one staffing re-
quirements for this new group are among
the most challenging in our entire organi-
zation:

1) Ph.D. in physical chemistry or chemical
engineering—experienced in membrane
technology, electrostatics and coating
techniques.

2) Ph.D. in mathematics, electrical engi-
neering, chemical engineering or physical
chemistry—experienced in application of
spectral techniques and computer control
to process dynamics.

3) Ph.D. in physics—experienced in optics
and spectroscopy, with knowledge of
holography, lasers, and microwaves.

4) Ph.D. in physical chemistry—experi-
enced in application of infrared, ultra-
violet, and Raman spectroscopy and with
a knowledge of multiple scanning, com-
puterized interferometry.

Hoffmann-La Roche Inc., has achieved
an enviable record of growth and diversi-
fication by developing a research environ-
ment conducive to original ideas and
speculative thinking. Candidates selected
for this new program will have access to
an outstanding staff in chemical, biolog-
ical, medical, physical chemical, and bio-
physical research departments and to
leading scientists throughout the world.
Senior Scientists are encouraged to pub-
lish as well as to establish and to maintain
contacts with universities, research insti-
tutes and government laboratories.

Please direct resume to R. M. Callan,
Personnel Manager—Research, Dept. SA2

#2 LAROCHEINC.

Nutley, New Jersey 07110
An Equal Opportunity Employer M/F
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The Attacker’s Advantage

nless the present Administration,

or a new one, reverses the decision
announced in September by Sec-

retary of Defense Robert S. McNamara,
the U.S. is committed to building a
“light” anti-ballistic-missile system, os-
tensibly to defend against the limited
ballistic-missile capability that China
will possess in the 1970’s. During the
December meeting of the American As-
sociation for the Advancement of Sci-
ence, Hans A. Bethe of Cornell Univer-
sity, who had just received the Nobel
prize in physics for 1967, explained his
opposition to the proposed ABM system.
His basic premise is that the multiple
stratagems available to an attacker can
make it almost impossible for the de-
fender to design an adequate ABM de-
fense. He explained, by way of back-
ground, that defensive missiles with
thermonuclear warheads can attack in-
coming reentry vehicles (RV’s) in three
general ways: with neutrons, X rays and
blast, all products of a thermonuclear
explosion. The neutrons can penetrate

| the warheads of incoming vehicles and

cause their fissile material to fission, with
the release of enough heat to destroy the
firing mechanism. X rays can cause the
surface layer of the RV’s heat shield to
evaporate, thereby making it impossible
for the vehicle to pass safely through the
atmosphere. Within the atmosphere
blast can throw an RV off course and
possibly damage it internally. The at-
tacker, of course, will try to design his
weapons to withstand these three sources
of potential damage.

Above and beyond this, however, the
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attacker can employ a wide variety of
“penetration aids” to interfere with the
operation of the defender’s ABM system.
One general scheme is to confuse the
radar and computers of the ABM system
by concealing the actual RV’s in a mass
of objects that superficially resemble
RV’s. These objects can be fragments of
the launching vehicle or deliberately de-
signed decoys. The latter might be noth-
ing more than balloons with an inter-
nal wire mesh to reflect radar waves. As
long as they are outside the atmosphere,
balloons will travel as fast on ballistic
trajectories as heavy metallic objects.
Although the defensive system can wait
for the atmosphere to sort out RV’s from
balloon decoys, the time for interception
is then much shortened. Moreover, com-
plex decoys can be designed to reenter
the atmosphere in a manner that makes
them not easily distinguishable from
RV’s.

A second general stratagem that is
open to the attacker is to directly nullify
the effectiveness of the defender’s radar
system. This can be done, for example,
by dispersing a myriad of tiny wires
(“chaft”) that can reflect radar signals
over such a large part of the sky that the
RV’s cannot be picked out. Another
technique would be to design some de-
coys to generate radio noise in the fre-
quency range of the defender’s radar.
The radar can also be neutralized by
blackouts resulting from the huge clouds
of electrons released by nuclear explo-
sions above the upper atmosphere. In
fact, the defender must contend with the
blackouts caused by his own defensive
weapons. Another type of blackout is
produced by the fireball when a nuclear
device is exploded within the upper at-
mosphere. Such fireballs could black out
large areas of the radar sky for more than
15 minutes.

Weighing the cost and practicality of
such penetration aids, Bethe concludes
that the overwhelming advantage lies
with the designer of offensive weapon
systems. The defender’s best hope is to
develop “terminal” systems—systems that
work as close to the defender’s cities and
military installations as possible. To pro-
tect large sections of the country, how-
ever, such systems would be exceedingly
costly (on the order of $50 billion) and
would, in Bethe’s opinion, almost surely
upset the precarious strategic balance
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that now exists between the U.S. and the
U.S.S.R.

Meaningful Message

«Jt’s the best example I know of some-
“one who set himself a remote and
difficult goal and finally reached it.” Thus
did one molecular biologist describe
Arthur Kornberg’s recent success in syn-
thesizing biologically active molecules of
deoxyribonucleic acid. The DNA mole-
cules made at the Stanford University
School of Medicine by Kornberg and his
co-worker Mehran Goulian climax nearly
11 years of single-minded effort. The
DNA re-created in the test tube is the
genetic core of the bacterial virus desig-
nated $X174. This virus normally per-
petuates itself by replicating its core and
its protein jacket inside a cell of Escheri-
chia coli, a common bacterium found in
sewage. The DNA of ¢X174 is unusual
in being a single molecular strand rath-
er than a double-strand helix. More-
over, the single strand is in the form
of a ring. The ring is built up of some
5,500 nucleotides, the structural sub-
units whose sequence specifies the infor-
mation needed for the synthesis of pro-
teins. The 5,500 nucleotides in the DNA
of ¢X174 represent five or six genes,
enough to specify as many proteins.

In 1959 Kornberg shared the Nobel
prize in physiology and medicine for
discovering an enzyme that will cause
a mixture of synthetic nucleotides to as-
semble into DNA-like molecules when it
is placed in a test tube together with an
energy source and a sample of natural
DNA to act as a template. For various
reasons, however, Kornberg’s synthetic
copies of DNA failed to display the bio-
logical activity of the original molecule.

Kornberg’s present success depended
on a number of developments. First, he
succeeded in removing contaminating
enzymes that had degraded chains of
newly formed DNA. Second, he selected
the single-strand DNA of ¢$X174 to serve
as a template. Robert L. Sinsheimer of
the California Institute of Technology,
who had characterized the DNA of
¢X174, participated in the experiment
by running assays on Kornberg’s synthet-
ic material. Third, Kornberg was able
to employ a new polynucleotide-joining
enzyme to link the two ends of the
synthetic molecule into a ring. The new
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gives you seven memory
banks, each with a 16-digit
capacity and automatic
floating decimal system.
And most important, all the
information in these memories
is retained after the calculator
is cleared or turned off.

You can feed in up to 15 digits
from the compact, 10-key micro-
switch keyboard, read out 30 digit
long answers in bright, clear, 54” high
numbers. An automatic alarm flashes
and locks out further input when you ex-
ceed the 167’s input capacity; another
alarm signals when your results overflow
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And the Canon 167 is silent, thanks to its
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automatically in as little as 0.4 second.

To get the Canon 167 on your desk, write for the
name of your nearest dealer.

Canon U.S.A,, Inc.
550 Fifth Avenue, New York, New York 10036 \

=
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[] Please have your nearest dealer show me the Canon 167.
[ Send literature.
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enzyme, called DNA ligase, was first re-
ported in January, 1967, by Martin Gel-
lert of the National Institutes of Health.
It was discovered independently by four
other research groups: two at Stanford,
one at Harvard and one at the Albert Ein-
stein College of Medicine in New York.

In the Kornberg-Goulian experiments
the original DNA template was denoted
the (+) strand. Synthetic strands, in
which each nucleotide in the molecule
is complementary to one in the original,
were called (—) strands. When the (—)
strands were gently separated from the
(4) strands, they proved able to infect
cells and produce complete virus parti-
cles. Kornberg and Goulian then used the
synthetic (—) strands as templates for
making synthetic (4) strands, and these
too proved potent. The various strands
were identified by the use of radioactive
labels. The experiments are described in
Proceedings of the National Academy of
Sciences.

Komberg believes the way is now
open to copying the DNA of other vi-
ruses and ultimately the much longer
DNA of cells. In such experiments it
should be possible to insert alternative
building blocks to create new forms of
DNA and to test their effect.

The Glass Switch

rl‘he electronic properties of semicon-

ducting crystals are now well under-
stood and have given rise to a prodigious
family of solid-state electronic devices.
The electronic properties of amorphous
materials, notably certain glasses, are
still not well understood but have al-
ready led to a few devices with unusual
characteristics.

In a recent issue of Science Jan Tauc
of the Czechoslovak Academy of Sci-
ences describes how electronic theories
developed for crystals have proved
inadequate to explain the electronic
properties of amorphous materials. A
considerable effort to devise adequate
theories for these materials is being made
in Czechoslovakia and in the U.S.S.R.

Interest in such theories has been stim-
ulated largely by the appearance on the
market of two electronic devices em-
ploying the semiconducting properties
of amorphous materials. They are the
“Ovonic” threshold switch and the
“Ovonic” memory switch invented by
Stanford R. Ovshinsky of Energy Con-
version Devices, Inc. Both switches em-
ploy thin films of chalcogenide glasses,
the name given to glasses containing
elements from group VI of the periodic
table: oxygen, sulfur, selenium and tellu-
rium.

52

The threshold switch consists of a
thin film of chalcogenide semiconducting
glass between two conductive electrodes.
Below a certain threshold voltage the
glass exhibits exceedingly high resistance
(as high as 5 X 10% ohms); when the
voltage is raised above threshold, the
glass becomes an excellent conductor.
The switching time can be less than 150
picoseconds (150 X 10-12 second). The
Ovonic memory switch differs from the
threshold switch in one important re-
spect: the latter returns to its resistant
state as soon as the current falls below
threshold, whereas the memory switch
can be kept in either a conducting or
a resistant condition indefinitely. The
two devices can be made with threshold
voltages from several volts to many hun-
dreds of volts. Unlike conventional solid-
state devices that operate only with di-
rect current, the new amorphous devices
are inherently symmetrical and thus can
be employed in alternating-current cir-
cuits. Other advantages are simplicity of
manufacture and low cost.

At present the amorphous switches
have found use in a limited number of
civilian applications and are being in-
tensively studied by the military. One
promising potential use is to provide an
economic way to switch hundreds or
thousands of individual electrolumines-
cent elements in visual displays.

3-D Brain Cells

rrhc ability to see things in three di-

mensions evidently exists because ob-
jects at different distances from the eye
excite different neurons in the brain.
This conclusion is reached by H. B. Bar-
low and two of his colleagues at the Uni-
versity of California at Berkeley in a
study that recorded how 87 separate
“neuron units” in the primary visual cor-
tex of the cat brain were triggered by
various visual stimuli. Reporting in The
Journal of Physiology, Barlow and C.
Blakemore of Berkeley and J. D. Petti-
grew of the University of Sydney note
that depth perception involves two proc-
esses. It is necessary not only to sense
which among many pairs of images in
the two eyes are recording the same sin-
gle object but also to sense the pair’s dif-
ferent location on each retina due to
binocular parallax. The retinal displace-
ment is the key clue to the object’s dis-
tance from the viewer. Both require-
ments could be satisfied at once, Barlow
and his co-workers state, if individual
neurons receiving inputs from both eyes
responded to only a few out of the large
number of visual stimuli and of these
tew only to the ones that fall within a
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small part of the whole spatial field un-
der observation. Noting that a very large
number of neurons would be needed to
record all possible variations in shape ds
well as direction and distance from the
eyes, they point to the fact that the neu-
rons in the prinmry visual cortex out-
number the incoming optical nerve fibers
many thousands of times.

The experimenters painstakingly im-
mobilized their cats so that variations
in response due to eye movement were
eliminated, and projected bands of light
on a screen in front of the animals. They
found not only that neuron unit response
to stimulation of both eves was greater
than response to stimulation of either eve
alone but also that each retinal-image
displacement, simulating a change in
binocular parallax and hence in distance
frem the cat, produced maximum re-
sponse from a different neuron unit.

Induced Interferon

L\” approach by which the potential of
% interferon as a defense against vi-
ruses may be more fully realized is de-
scribed by Thomas C. Merigan of the
Stanford Universitv School of Medicine
and William Regelson of the Medical
College of Virginia. They report in The
New England Journdl of Medicine their
finding that injections of certain svnthet-
ic polvmers stimulate the production of
interferon by the body. Merigan, dis-
cussing the situation in an editorial in
The American Journal of Medicine, savs
that “nonviral inducers of interferon
seem to have promise in protecting
against viral infection.”

Interferon is a protein that is normally
produced by cells of the body when they
are infected by a virus. When inter-
feron takes effect, the virus fails to
multiply in other cells and the viral in-
fection is thus inhibited. The discovery
of interferon 10 years ago led to the
hope that it could be produced in quan-
tity and then administered as a defense
against viral infections. The hope has
not been realized, because interferon
from other animals does not function in
human beings, and human interferon
cannot yet be produced in clinically
useful quantities. Nor can interferon be
synthesized readily in the foreseeable
future; it has a molecular weight of 30,-
000, compared with a weight of 6,000
for insulin, which has been synthesized
only recently after intensive efforts.

Merigan and Regelson report that in-
jections of synthetic anionic copolymers,
particularly one named pyran, induced
the manufacture of interferon in mice
and in human patients with cancer who



Find another car

under $2,000 that has
all that the Renault10 has,
and we'll buy it for you.

We believe the Renault 10 gives
you more for your money than
any other car.

And the fact that sales have
soared since we introduced it,
leads us to believe that quite a
few people agree. We sold 72 %
more 1967 Renaults than 1966
Renaults.

But if some doubters remain,
we offer this challenge:

Find anothercarunder $2,000
that has all that the Renault 10
has, and we’ll buy it for you.

The Renault 10 has,
as standard equipment :
4-wheel disc brakes
Disc brakes take hard braking
better than drum brakes. They
have long been used on super-
speed, super-priced automobiles.
4 doors instead of 2
You don’t have to fight the front
seat to get to the back seat.
35 miles per gallon
Some people say they get more.
Contoured seats that
recline for sleeping
Plus 18 other positions for when
you’re not sleeping.
Engine weight over the
drive wheels

The drive wheels bear down on
snow and ice because the engine
weight bears down on them.

Turning circle of 30 feet
You can make most u-turns in
one clean sweep.

4-wheel independent
suspension

Each wheel moves up or down
without affecting all the other

wheels. So when one wheel hits
a bump, only one gets bumped.
The other 3 keep the car and you
going in a level position.
4-speed synchromesh
transmission

This matches the speeds of the
engineandtransmissiontoallow
the gears to mesh easily. Which
makes shifting a lot easier on
you and your transmission.

Replaceable
wet cylinder sleeves

When the cylinders wear out in
aconventional engine, the whole
engine has to be pulled out and
rebored. Sometimes it pays to,
buy a new car. But a Eenault
piston moves in a replaceable
wet sleeve. If the sleeve ever
wears out, you can put in a new
one easily and inexpensively.

Sealed liquid cooling system
with expansion tank

Water-cooled engines are much
quieter than air-cooled engines.
However, water and anti-freeze
can frequently overflow. But
Renault’s water-cooling system
has an expansion tank to keep
the overflow from escaping.

5main-bearing engine
Instead of three bearings sup-

porting the crankshaft, we have
five. (As many as most V-8’s.)

Special vents for
draft-freeventilation
You can get plenty of fresh air
with the windows shut. Which,
incidentally, shuts out noise.

Rack and pinion steering
Eliminates play in the steering.
2-speed hot-water heater
and dual defroster
Our heater uses the same hot
water that circulates in the en-
gine. So our heater heats faster
and produces a more even temp-
eraturethanany air-typeheater.
15 inch wheel

Most economy cars have 13” or
less. Our larger wheel makes
fewer revolutions to go the same
distance. Which saves rubber.
Which saves money.

Spare tire not in trunk
If you get a flat you don’t have
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to unload the trunk and get,
everything dirty.

11 cubic foot trunk capacity
We’'re not the biggest in this de-
partment, but neither are we the
smallest. The smallest only has
2.3 cubic feet, which is about as
much space as we have behind
our back seat alone.

Hits a top speed of 85
That’s pretty surprising consid-
ing the mileage we get.

Unique warranty
12 months/unlimited mileage.

Price—Under $2,000
Way under $2,000.

THIS CHALLENGE APPLIES TO ALL 1968 STAN-
DARD EQUIPPED CARS LISTING FOR UNDER
$2,000 AND INTRODUCED FOR SALE IN THE
UNITED STATES BY JANUARY 1, 1968.




participated in a study conducted by sev-
eral hospitals on the East Coast. The
mice were protected for several weeks
against a leukemia-producing virus and
a virus resembling the agent of poliomye-
litis. Antiviral activity was also evident
in serum from the human patients.

Merigan writes that the structure re-
quired of a polymer that can stimulate
the production of interferon “appears
to be a saturated linear polymer” with a
molecular weight of 17,000 or more and
“with carboxylate groups on two of
every four or five carbons in either al-
ternate or adjacent positions.” Other in-
vestigators have found that certain types
of ribonucleic acid (RNA) can induce the
production of interferon in animals. Py-
ran resembles RNA in some features of
molecular structure, which is perhaps
the reason that it stimulates the output
of interferon.

Merigan points out that pyran has
certain drawbacks because it is not easi-
ly broken down by the body and ac-
cumulates in the tissues at certain doses.
It also can induce high fever. Merigan
and Regelson emphasize that “much
more extensive pharmacologic studies
will have to be carried out” before any
large-scale investigation of the inter-
feron-producing effects of polymers on
human beings will be possible.

Glassy Carbon

A new form of carbon that resembles
+ X glass is described in the Journal of
Materials Science by F. C. Cowlard and
J. C. Lewis of the Plessey Co. Ltd. in
England. The “vitreous carbon” has high
strength, hardness and resistance to cor-
rosion. It also shows extreme chemical
inertness, impermeability and nonporos-
ity. The material has proved useful in
several ways, including the manufacture
of laboratory vessels and the encapsula-
tion of nuclear fuel elements.

The two basic natural crystalline forms
of carbon are diamond and graphite.
They differ fundamentally in structure.
Each carbon atom in the crystal lattice
of diamond is joined by covalent links to
four others surrounding it at the corners
of a regular tetrahedron; the covalent
bonding gives diamond its hardness, high
density and high melting point. Graphite
consists of carbon atoms arranged as
hexagons in flat parallel sheets, which
are held together by the much weaker
van der Waals forces. Graphite is soft
and flaky. Vitreous carbon, which is
made by breaking down certain organic
polymers with heat, apparently has a
structure of hexagonal layers with some
tetrahedral cross-links. The material can

54

be shaped in the way plastics are shaped.

Cowlard and Lewis write that vitreous
carbon “combines some of the properties
of glass and silica with some of those
of normal industrial carbons.” They add:
“It has significant advantages over silica
and glass in its resistance to corrosion,
and over other carbons in its imperme-
ability and its resistance to both corro-
sion and erosion. It is more resistant to
oxidation than other carbons and can be
used safely in air at temperatures 100 to
200 degrees centigrade higher than
graphite. . .. Vitreous carbon is interme-
diate between glasses and carbons in
respect to both thermal and electrical
conductivity and can be described as a
conductive ceramic.”

The Sound of Thunder

One might suppose that the rumbling

that accompanies electrical storms
was noise distributed randomly across
the audible spectrum. Two groups of in-
vestigators have now shown that every
thunderclap’s dominant sound has a
wavelength characteristic of the sudden-
ly evacuated cylinder of air through
which a lightning stroke has passed.
Hoping to discover in what part of the
sound spectrum most of the energy of
thunder is concentrated, one group from
Rice University and another from the
New Mexico Institute of Mining and
Technology used wide-frequency re-
cording systems to monitor the sounds
produced by 26 ground-to-cloud and
cloud-to-cloud strokes of lightning. In
a joint report in Journal of Geophysical
Research the investigators note that the
dominant energy peak in each recording
fell in the frequency region around 200
cycles per second. This, they point out,
is the frequency predicted by theory in
the case of sound radiation from a cylin-
drical source with an energy input per
unit length approximating that delivered
by a lightning stroke.

Induced Anxiety

"I he first demonstration in medical his-

tory that a specific stimulus can pre-
dictably induce attacks of anxiety, in-
cluding such physiological symptoms as
heart palpitations, blurred vision, dif-
ficulty in breathing, dizziness and head-
ache, has been achieved by two psychia-
trists at the Washington University
School of Medicine. The stimulus was
the injection of enough sodium lactate to
cause a tenfold increase in the normal
level of lactic acid in the blood of 24
volunteers. The substance was chosen
because people suffering from anxiety
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neurosis frequently show a rapid in-
crease in blood lactic acid at the time of
an attack. In the Washington University
experiment all 14 neurotic volunteers
and some of the 10 non-neurotics who
comprised a control group suffered anx-
iety symptoms following the injections.

Ferris N. Pitts, Jr., and James N. Mc-
Clure, Jr., report in The New England
Journal of Medicine that the 24 volun-
teers received three injections at inter-
vals of five to 10 days. Neither subjects
nor controls knew in advance which in-
jections contained sodium lactate and
which contained either lactate with a
calcium chloride inhibitor or a neutral
saline solution. The experiment was
“double-blind” because the physician
who administered the 72 injections in
random order was also ignorant of their
identity. Two hours after the injection
members of both groups responded to
a 50-item symptom checklist in which
21 typical symptoms that may mark an
anxiety attack were randomly distrib-
uted. They were also asked to report any
aftereffects noted during the next 48
hours, although the blood lactic acid
level in all 24 volunteers returned to nor-
mal 90 minutes after receipt of either
lactate injection.

Analysis of the responses show that
both subjects and controls rated the
straight lactate injection the most trou-
blesome, the saline injection innocuous
or even “helpful,” and the lactate-calci-
um mix in-between. Among the 14 neu-
rotics the straight lactate brought on
substantially more than half of the 21
symptoms, whereas the lactate-calcium
mix produced only a quarter of the
symptoms. As many as eight of the 21
symptoms were reported by half of the
control group after receiving straight lac-
tate and a lesser number after the lac-
tate-calcium injection.

Pitts and McClure suggest that a nor-
mal individual under stress may encoun-
ter anxiety symptoms because of the
intracellular production of lactate ions
in response to an increased release of
epinephrine (adrenalin) by the adrenal
gland. They postulate that the lactate
ions would produce a hypocalcemic con-
dition by immobilizing ionized calcium
in the interstitial fluid at the surface of
excitable cell membranes. The chronical-
ly anxious, they assume, are particularly
subject to the operation of this same bi-
ochemical mechanism because of con-
sistent overproduction of epinephrine,
central nervous system overactivity,
some metabolic defect resulting in ei-
ther excess lactate production or inade-
quate calcium production, or a combina-
tion of any of these factors.



What keeps a conveyor belt from
burning up each shift at this

An R/M composite.

A stopper in this steel mill's produc-
tion was the indexing belt that con-
veyed pellets of iron ore, limestone,
and coal into this sintering furnace.
Some belts were lasting less than an
eight-hour shift.

An R/M composite belt—with spe-
cially compounded heat-resisting rub-
ber covers—was good for months.

The special rubber belt cover,
compounded to resist the heat of feed-

ing the sintering furnace, protects and
insulates the inner plies. The compati-
ble reinforcing strength members pro-
vide excellent troughing, and straight
running.

An R/M composite may solve
your problem. Working with asbestos,
rubber, sintered metals, specialized
plastics, and many other materials,
R/M is uniquely qualified to utilize the
best properties of each.

Specializing in
creative composites

Raybestos-Manhattan, Inc., Passaic, N.J. 07055
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It’s not a new way to drive. It’s a new

The driver is a scientist from our Esso
Research laboratory. The man next to him is
a Chrysler Corporation engineer. They are
part of a new joint research effort aimed at
finding ways to eliminate air pollution from
automobiles.

They’re travelling along at 20 mph. Now
they’re accelerating to 30 mph...40 mph...50
mph.

The car isn’t moving an inch. It’s in a
laboratory. Where scientists from Chrysler and
Esso Research can drive the way you might
drive on a crowded highway. Where they ana-
lyze the effect of different driving patterns on
air pollution. Where they study new engine
devices and fuel changes. How these devices
and changes affect one another. And how they
cut down on air pollution.

Air pollution from cars concerns all of us.
And Jersey and Chrysler figure that by pooling
their technelogical knowledge they’ll help find
solutions to it a lot faster.
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way to look at the air pollution problem.

One thing they're studying is how to burn
gasoline more completely. Unburned gasoline
vapors can cause pollution. All of Chrysler’s
1968 cars have engines designed to cut down
onunburned gasoline coming from the exhaust
—and on carbon monoxide, as well.

Chrysler has redesigned its carburetors
to promote better combustion.

And our affiliate, Humble Oil & Refining
Company, has a new gasoline that helps your
whole engine work better—by keeping your
carburetor, intake manifold, crankcase venti-
lation valve and other important parts free of
deposits.

Esso Research and Chrysler scientists are
studying how to keep gasoline from evaporating
from your gastank and carburetor and escaping
into the air. They’re working to find the best
combination of fuel formula and fuel svstem.

They are studying catalysts that can
change pollutants into nonpollutants. They’re
working on better ways to get the air and fuel
into the combustion chamber. And better lubri-
cants to make all these things keep working
better.

These are some of the ways Jersey and
Chrysler are attacking one of today’s many
sources of air pollution.

It’s not an easy job. But the solutions will
be coming. And two heads are better than one.

Standard Oi1l Company
(New Jersey)
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RED DEER STAG (above) appears on a cave wall at Lascaux, a SPOTTED HORSE (below) dominates a cave wall at Pech-Merle,
French Paleolithic site discovered in 1940. Both the stag and the another French Paleolithic site. A hand seen in negative outline in-
two abstract signs below it, a rectangle and a row of dots, were dicates the scale of the painting, which, like the stag, belongs to

painted on the rock surface with a manganese pigment; the stag is the early Magdalenian period of European prehistory. Abstract
about five feet high. The painting was made some 15,000 years ago. signs include many dots and a grill-like red rectangle by the hand.
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The Evolution of Paleolithic Art

The first artistic tradition occupied two-thirds of the period

spanned by the entire history of art. How it evolved is studied

by the classification of its works in terms of time and space

he earliest forms of art, at least
among those art forms that can be

dated with any certainty, were
created in Europe between 30,000 and
10,000 B.c. They belong to a time be-
fore the oldest civilizations and the ear-
liest agriculture—the Upper Paleolithic
period at the end of the last continental
glaciation. Paleolithic art has manifested
itself in two principal forms: engraved
or sculptured objects found by the thou-
sands in excavations from the Urals
to the Atlantic, and the awe-inspiring
decorations of more than 100 caves in
France and Spain. It has now been stud-
ied for nearly a century, and such caves
as Lascaux and Altamira have become
as well known as the most famous art
works of historic times.

Until recently studies of Paleolithic
art were focused largely on its aesthetic
and magico-religious significance. Today
attention has turned to the relations
among such art forms—to their classifica-
tion in terms of time and space. As a re-
sult we can now begin to perceive how
Paleolithic art evolved from its appear-
ance in Aurignacian times to its inex-
plicable disappearance in Magdalenian
times 20,000 years later.

Can an art that embraced all Europe
for such a mighty span truly be consid-
ered a single art? Should we perhaps
speak of prehistoric arts, as we speak of
the arts of Africa? The analogy provides
the answer to our question: The living
arts of Africa south of the Sahara, with
all their nuances, are clearly subdivisions
of one wholly African art. They cannot
be confused with the art of any other
region. In the same sense Paleolithic art
also constitutes a single episode in art
history. Such is the unanimous opinion
of its students. This view is based on the
continuity that Paleolithic art exhibits in
region after region over a span of 20

by André Leroi-Gourhan

millenniums. Greek art or Christian art
is so identified because its images con-
tinuously translate its ideologies. In the
same way the term “Paleolithic art”
serves to relate various techniques of
representation that have undergone
changes over a long period of time to a
body of figurative themes that has re-
mained remarkably constant. Indeed,
consistency is one of the first facts that
strikes the student of Paleolithic art. In
painting, engraving and sculpture on
rock walls or in ivory, reindeer antler,
bone and stone, and in the most diverse
styles, Paleolithic artists repeatedly de-
pict the same inventory of animals in
comparable attitudes. Once this unity is
recognized, it only remains for the stu-
dent to seek ways of arranging the art’s
temporal and spatial subdivisions in a
systematic manner.

The Problem of Chronology

The task of temporal subdivision is by
no means an easy one. To understand its
difficulties, let us imagine an art histori-
an who must arrange in their correct
chronological order 1,000 statues be-
longing to every epoch from 500 B.c. to
A.D. 1900. Imagine further that his only
points of reference are five or six of the
statues that are by chance correctly
dated. The prehistorian’s position is the
same—or worse. The large majority of
the Paleolithic period’s small sculptures
(which we classify as “portable art” to
distinguish them from “wall art,” the
paintings, engravings and sculptures of
the caves and rock-shelters) were discov-
ered at the beginning of this century, a
time when precision in the excavation of
stratified sites was far from absolute. As
a result there are very few instances in
which associations are established be-
tween excavated works of art and imple-
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ments such as scrapers and projectile
points that have been firmly dated on
the basis of stratigraphy. Even in the
few cases where such dating is possible,
the style of the object is not always so
clear-cut as to allow strong conclusions.
Finally, the thousands of wall paintings
and engravings created during the peri-
od are not stratified at all. If the earth
floors of their caves contain the remains
of more than one Paleolithic culture, it is
difficult to decide to which of these cul-
ture periods the art should be assigned.
For all these reasons classifying Paleo-
lithic art is a task considerably harder
than the classification of prehistoric
man’s other material remains.

The work of the Abbé Breuil over
more than half a century provides the
principal source of traditional views con-
cerning the evolution of Paleolithic art.
This pioneer prehistorian undertook a
prodigious labor of inventory and classi-
fication with the limited means available
in his day. Except for a few instances in
which specific dating was possible, his
method of establishing the relative chro-
nology of wall art rested on three as-
sumptions. The first was simply that
when two wall paintings are superim-
posed, the one underneath must be the
older. The second, based on the proba-
bility that the caves where wall art is
found were inhabited continuously for
many centuries, was that one should find
examples of work from many periods
among the decorations. The third as-
sumption was that, since the animal and
human forms depicted in the caves were
executed individually for magical pur-
poses, there is no order in their arrange-
ment. It follows from this last assump-
tion that such works are not necessarily
contemporaneous and that tlley are not,
when taken together, evidence of any
organized body of thought.
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ENTRANCE

METHODICAL ARRANGEMENT of the animal depictions at
various Paleolithic sites was revealed by the author’s survey of
62 caves. The diagram shows an idealized cave with an entrance,

From this viewpoint (which is still
held by some prehistorians) wall art rep-
resents the gradual accumulation of iso-
lated pictures, each created by the need
of the moment. When one stands before
the great wall paintings of Lascaux in
France or Altamira in Spain, however,

PERIPHERY

it is hard to imagine how the random ac-
cumulation of isolated subjects could
possibly have led to an assemblage that
impresses the most naive viewer with its
overall balance. Doubts on this score are
what inspired Annette Laming-Empe-
raire to publish her important study of

MAIN CHAMBER

a main chamber and its periphery and, finally, a back passage to a
deep inner area. Numbers below each animal figure show the
percent of depictions of that animal present in that part of all the

1962: The Meaning of Paleolithic Wall
Art. There she vigorously challenges the
traditional theories. My own work has
been motivated by a similar conviction
and is based on the following postulate.
If, rather than working haphazardly, the
men of the Paleolithic consciously—or

LASCAUX CAVE, a famous Paleolithic site in France, is shown in
plan view; more than 300 feet separate the cave’s deepest recess
(left) from the entrance (right). The broken lines enclosing the
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groups of depictions suggest how the cave’s many decorated areas
were originally subdivided. The stag and the two abstract signs
just inside the Axial Gallery are reproduced in color on page 58.
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PERIPHERY PASSAGEWAY

BACK AREA

caves surveyed. More than 90 percent of all bison and wild-ox paintings appear in main
chambers, as do most horse paintings. Most stag paintings are located elsewhere: nearly 40
percent are in inner areas, 22 percent are in entrances and 29 percent are in peripheral areas.

even unconsciously—introduced order
into the way their pictures are posi-
tioned, then an analysis of where vari-
ous animal paintings are located in a siz-
able number of caves (say 50 or more out
of the 100-o0dd sites) should reveal what
general scheme, if any, the artists had in
mind.

To test this postulate I have reviewed
the topography of some 60 caves, estab-
lished the position of more than 2,000
individual animal pictures in them and
tabulated the results. The following re-
lated facts can be perceived: (1) If one
defines “central position” either as the
middle of a painted panel or as the most
prominent chamber within a cave, it is
in this position that more than 85 percent
of all pictures of bison, wild oxen and
horses are found. (2) The next most
prominent animals—deer, ibex and mam-
moth—appear in positions other than a
central one. (3) Three other species—
rhinoceros, lion and bear—are found only
in the deepest parts of the cave, or far
from the central position [see bottom il-
lustration on page 65].

A similar analysis can be made of the
subjects other than animals that are de-
picted in Paleolithic art: representations
of humans, male and female, and signs
that are more or less abstract. More than
80 percent of all the female figures—and
of the symbols that I call “wide” abstract
signs, which are evidently related to fe-

male figures—are found in the same cen-
tral places where bison and wild oxen
are depicted. Other symbols designated
“narrow” signs are in the same areas
where the remaining animal figures are
found; that is to say, nearly 70 percent
of them are in positions that are periph-
eral.

This is not the place to consider what
such patterns may be able to tell us
about the religious beliefs of Paleolithic
man. For anyone who is trying to estab-
lish a chronology of Paleolithic art, how-
ever, the orderliness of these arrays has
its own significance. First, one is led to
the conclusion that in most of the wall
art in most of the caves the separate ele-
ments belong to a single period, and that
later works were executed in other parts
of the cave. Even in those caves where
the wall art clearly represents the accu-
mulation of several periods, the later
works repeat the elements and order of
the earlier ones. Second, in any single
assemblage of pictures the wide abstract
signs are all much the same, whereas in
caves that contain a number of separate
picture groups the wide signs differ from
group to group. The existence of these
differences suggests that the wide signs
can serve as chronological guideposts, or
at the very least as guides to the rela-
tions between the various styles in which
the animal figures are executed. Thus,
regardless of any hypotheses concerning

© 1968 SCIENTIFIC AMERICAN, INC

prehistoric religion, the fact that there is
order in Paleolithic man’s art provides a
basis for investigating its evolution.

Discovering Points in Time

All such problems of chronology
would have vanished long ago if only
one of two things had happened. Each
Paleolithic site could have yielded strati-
fied sequences of buried sculptures and
the style of the material from each
stratum could have shown it to be un-
mistakably contemporaneous with one
after another of the cave’s displays of
wall art. Alternatively, the examples of
the wall art in a number of caves could
all have been executed in a single style,
and the artifacts excavated from the
floors of the same caves could all have
been attributed to a single interval of
time. In actuality very few examples of
wall art can be firmly attributed to a spe-
cific period during the many millenniums
in which prehistoric art flourished. Still,
the few examples that do exist provide
us with some degree of chronological
framework.

Asa starting point, there are no known
examples of representational art before
the Aurignacian period, beginning about
30,000 B.c. There are, however, firmly
dated pieces of Aurignacian sculpture.
They are found, for example, in the
Aurignacian strata of two sites in the
Dordogne valley of France: the Cellier
rock-shelter and La Terassie. They are
crudely engraved figures of animals and
wide and narrow signs.

Our next bench mark in time is found
in strata of Solutrean age (about 15,000
B.c.) at the Roc de Sers site in the Cha-
rente valley of France: a low-relief frieze
rendered in a vigorous style. It depicts
horses, bison, ibexes and men. The date
is firmly established because the rock of
the frieze had fallen from its original
position and was discovered lying face
down between two strata containing So-
lutrean artifacts.

A third bench mark is provided by a
number of engraved stone plaques dis-
covered in strata of Upper Magdalenian
age (about 10,000 »B.c.) in the caves of
Teyjat in the Dordogne. The animals de-
picted on the plaques are the same as
those in the Roc de Sers frieze, but they
are executed in a more detailed, almost
photographic style. The final bench
mark, denoting the end of Paleolithic art,
is also found in the Dordogne. At Ville-
pin engraved pebbles from strata dating
to the very end of the Magdalenian pe-
riod (about 8000 B.c.) display sketchy,
often barely identifiable animal figures.

6l
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HEARTLAND of Paleolithic cave art was western Europe south of
the Loire River. Sites mentioned by the author in the valleys of the
Charente, the Dordogne and the Lot and in the foothills of the
French Pyrenees are shown, as are some with cave art in Canta-
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brian, central and southern Spain, in France north of the Charente
and in the Rhone valley. Cave art has also been found at three sites
in Ttaly and Sicily. Five Charente-Dordogne sites marked with
triangles contained sculpture in strata with well-established dates.
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Four points in time, all found in the
same Dordogne-Charente region, scarce-
ly suffice to establish a chronology for
all Europe. Fortunately a number of less
exact bench marks are available in
France, Spain and Italy. Although these
bench marks can be fixed no more exact-
ly than around the start, the middle and
the end of the Upper Paleolithic, they
are in general accord with the Dordogne-
Charente reference points and allow us
not only to recognize the entire period’s
major chronological subdivisions but also
to perceive a new and very important
fact. Up to now it has been thought that
the portable art and the wall art of the
Upper Paleolithic evolved in a strictly
parallel manner, and that one could find
pictures characteristic of each of the pe-
riod’s subdivisions in the caves. It is now
apparent that, on the contrary, wall art
was extremely rare or even nonexistent
early in the Upper Paleolithic, that most
of it belongs to a middle phase during
which the portable art becomes less
abundant, and that portable art catches
up with wall art once more in the peri-
od’s final phase.

The Evolution of Abstract Signs

Students of Paleolithic art have always
been intrigued by certain abstract signs
that appear in wall art almost from its
beginning to its end, although not so
commonly as pictures of animals. In the
opinion of some investigators some of the
signs represent huts or tents; other signs
are interpreted as 1'epresenting weapons
and traps, shields and even primitive he-
raldic designs. It would seem, however,
thatonly a few signs out of the hundreds
known can be explained by their resem-
blance to actual objects. If instead of se-
lecting a few such examples one makes
an inclusive inventory of all the things
found in wall art that do not obviously
portray animals, a rather different pic-
ture emerges. One can even group such
representations into general categories.

One category is men and women,
sometimes pictured whole and some-
times reduced to a head or torso. To this
category can be added numerous realis-
tic representations of the male and fe-
male sexual organs, which evidently
have the same significance as the fuller
figures. The existence of these drawings
has suggested to some scholars that a
fertility cult existed in Paleolithic times.
This is hard to disprove, but given the
fact that the male and female represen-
tations are as often separate as they are
together, they would appear to be at
best quite abstract fertility symbols.
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EVOLUTION of Paleolithic art took place during the era’s final 20,000 years, a period
known as the Upper Paleolithic. The first examples are dated around 30,000 B.c., when the
Aurignacian culture makes its appearance. They were crude outlines cut into rock (bottom
figure is unidentified; the others portray horses). This Style I work, as it is classi-
fied by the author, and later work in Style II comprise the primitive period. The best-known
cave art was produced during the archaic (Style III) and the classic (Style IV) periods.

By far the largest number of signs be-
long to one or the other of the two groups
I have mentioned: the wide and narrow
signs. The wide signs include rectangles,
triangles, ovals and shield shapes. Most
of them clearly belong to the category
of human representations; they are quite
realistic depictions of the female sexual
organ. The narrow signs include short
strokes, rows of dots and barbed lines.
Some of them clearly suggest male sex-
ual organs, although they are extremely
stylized. For that matter, the entire in-
ventory of abstract signs could well be
nothing but animal and human figures
rendered symbolically.

These abstract signs are strikingly di-
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verse in both time and space. One kind
of rectangle, for example, accompanies
animal figures that themselves have a
number of stylistic features in common:
the rectangle appears in the Dordogne,
in the nearby Lot valley and in Canta-
bria, beyond the Pyrenees in Spain. This
enables us to assign all the cave art in
which the rectangle appears to the same
time period. At the same time how ab-
stract decoration is used to embellish
each rectangle varies sufficiently from
cave to cave to establish the fact that
the art of Lascaux in the Dordogne, of
Pech-Merle in the Lot valley and of
Altamira in Spain each belongs to a dis-
tinctancient province. Such a distinction
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FOUR QUADRUPEDS, three of them bison, show how styles evolved. Work in Style I
(bottom engraving, cross section at right) seldom depicted entire animals as here; both
line and workmanship are rough. Style II technique (second from bottom, cross section at
left) remains primitive but forms are more powerful. In Style III (painting second from
top) line and color have been mastered although anatomical details are unperfected. The
work in Style IV (top painting) shows both anatomical fidelity and a sense of movement.
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cannot be made with equal precision
when one must base one’s judgment on
the style in which the animals are de-
picted. As a matter of fact, signs remote
from realism are a better mirror of local
influences than animal portraits are. 1
have therefore based my use of abstract
signs on a twofold principle: first, that
as generalized forms they are contem-
poraneous and, second, that in their de-
tails they reveal regional influences.

As in the pictures of animals, the ab-
stract signs do not establish much in the
way of precise chronology. Most of the
sites where they are found contain noth-
ing that can be rigorously dated. None-
theless, they make it possible to establish
a sequence that is about as reliable as the
one based on animal figures. For exam-
ple, the oldest known abstract signs ap-
pear about 30,000 B.c., in Aurignacian
times. The wide signs are realistically
feminine; the narrow ones are either re-
alistically masculine or are stylized into
a series of strokes or dots. In Solutrean
times, roughly from 20,000 to 15,000
B.C., full figures of men and women seem
to predominate; the style of the latter is
familiar to us from the numerous “Ve-
nus figurines” that have been found in
both western and eastern Europe. The
transition between Solutrean and early
Magdalenian times (between 15,000 and
13,000 B.c.) is a period of rectangu-
lar signs, followed closely by bracket-
shaped ones. At this point regional dif-
ferences in abstract signs make their
classification difficult, although a revival
in the popularity of small sculptures pro-
vides a precise means of determining the
chronological position of other animal
representations. During the Magdale-
nian proper, from 13,000 to 9000 ».c.,
the most important group of abstract
signs are “key-shaped” ones, derived from
the representation of a woman in profile
[see illustration on page 66]. In the Dor-
dogne and the Lot valley it is possible to
trace the evolution from early to middle
Magdalenian by means of the key-shaped
signs. Thereafter these signs become in-
creasingly stylized, both in space (as one
moves south) and in time (as the end of
the Magdalenian approaches).

Key-shaped signs are by no means the
only abstractions of this period. Here a
variety of influences appear to have
crisscrossed in space and time. At Les
Eyzies in the Dordogne, for example,
roof-shaped signs (which apparently
evolved out of the bracket-shaped ones)
seem to take the place of the key shapes.
Another trend in symbolism is marked
by the appearance of what some schol-
ars have assumed are representations of



PAINTED IBEXES of the archaic period, a female (top) and a ENGRAVED IBEX, also executed during the archaic period, is
male, were done in red ocher at Cougnac, a Lot valley site in one of scores of animal figures cut into the cave walls at Ebbou, a
France. Painting, engraving and combinations of both are known. Rhoéne valley site in France that contains engravings exclusively.

PAINTED RHINOCEROS, one of the animals typically found in chamber at Lascaux. The work, in manganese, is transitional be-
the back areas of caves, occupies a niche opening off the main tween Style III and Style I'V. Dots by the tail form an abstract sign.
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wounds on the bodies of animals. Both
symbolic wounds and realistic represen-
tations of the female sexual organ are
found in a comparable setting in a large
number of caves. Since the realistic fe-
male representations of the Magdalenian
are executed differently from the earliest
female representations, it seems likely
that the “wounds” are a different kind of
female symbol.

The Time Scale

By putting together all three classes
of evidence—from excavations, from the
study of reasonably well-dated wall art
and from the evolution of human fig-
ures and abstract signs—a chronological
framework can be erected that begins to
approximate reality. The most attractive
of all Paleolithic art works, the animal
pictures, remain the most difficult to in-
terpret directly. The reason is that any
analysis of their evolution is founded on
criteria of style, and judgments of style
are primarily subjective. When details
that allow objective evaluation are scan-
ty, only the most general conclusions are
possible. What appears to be an impor-
tant criterion may reflect nothing more
than a regional characteristic or the rela-
tive skill of the artist.

In spite of such qualifications, it can
be said that the evidence in general al-
lows us to discern the emergence of
three great periods of Paleolithic art dur-
ing the 20,000 years from the Aurigna-
cian to the end of the Magdalenian.

| OVAL

RECTANGLE

They are, first, a primitive period, then
an archaic period (in the same sense that
one speaks of archaic Greek art: a well-
developed body of art rapidly approach-
ing maturity) and finally a classic period.
Where the conditions are most favorable,
as in the Dordogne-Charente region, we
can point to the succession of four styles
in the course of the three major periods.
These I have designated Styles I and II
(in the primitive period), Style I1I (in the
archaic) and Style IV (in the classic).
Even finer subdivisions are possible: the
wall art of Lascaux and Pech-Merle, for
example, is divisible into early and late
Style 111, and elsewhere Style IV shows
similar early and late stages.

What are the characteristics of each
period and style? Style I embraces his-
tory’s oldest examples of representational
art, examples that are precisely dated to
the Aurignacian period by virtue of the
fact that they are found in association
with Aurignacian tools. The Aurignacian
sculptures of Cellier and La Ferassie are
Style I. As I noted earlier, the represen-
tations of animals from this time are very
crude; sometimes the whole body is
shown but more often the rendering is
limited to a head or a forequarter. The
inventory of animals includes the horse,
the bison, the wild ox, the ibex and the
rhinoceros—in other words, the main cast
of characters found throughout Paleo-
lithic art. The representations include
realistic depictions of the female sex-
ual organ as well as such male symbols
as lines and rows of dots.

KEY SHAPE

HOOK

A long interval, extending from 25,-
000 to 18,000 B.c. and thus from the
late Aurignacian through Gravettian
times to early Solutrean ones, is the set-
ting for Style II. In a chronology based
on the evolution of techniques this
7,000-year interval is a confused period.
One can assume that a number of cul-
tures succeeded one another, but it is
hard to equate the changes in one region
with those in another. In any case, this
was the period in which Paleolithic art
attained its greatest geographical range,
from the Atlantic coast on the west to
the valley of the Don on the east. It is
also the period in which the first wall art
appears: paintings and engravings exe-
cuted on the walls of open rock-shelters
or on those cave walls that were illumi-
nated by daylight.

The animal forms of Style II are pow-
erful, but the technique of rendering re-
mains quite primitive. The stereotyped
curved line representing the neck and
back and the line representing the belly
are drawn first; the details characteristic
of each animal species are then roughly
connected to the generalized torsos and
are often left unfinished. The abstract
signs that are included in the wall art
remain close to realism and generally
consist of ovals and series of strokes. In
the realm of small sculptures the nu-
merous female figurines of this period,
usually made of stone or of mammoth
ivory, all have much the same shape.
The trunk is corpulent and rendered in
some detail but the extremities and the
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“WIDE” AND “NARROW?” SIGNS are considered by the author to

be symbolic of the sexes and to have evolved from earlier depic-
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tions of female and male figures or sexual organs. Three groups of
symbols are shown for each sex, in normal and more abstract forms.



head are stylized and often quite re-
duced in size.

Style III, which is typical of the en-
tire archaic period, finds its most elo-
quent expression in the great frieze of
the Roc de Sers in Charente, in the
equally impressive murals at Lascaux
and in some of the Spanish cave paint-
ings. The representations of animals re-
tain a primitive flavor: the bodies are
bulky and the small heads and hooves
are joined to the bodies without much
care for detail or proportion. Line, how-
ever, is now handled with great sen-
sitivity, and the control of painting and
sculptural technique is complete. The in-
terplay of manganese blacks and ocher
reds and yellows in the paintings and the
use of color accents on the low reliefs re-
flect a mastery of both mediums. Repre-
sentations of humans are scarce and do
not compare in quality with the animal
pictures. On the other hand, the abstract
signs characteristic of Style III, which
are rectangular or bracket-shaped, show
such a diversity of embellishment that
they have been compared to heraldic
coats of arms.

Chronologically the style of the ar-
chaic period occupies the interval be-
tween 18,000 and 13,000 B.c., thus in-
cluding the late Solutrean and the early
Magdalenian. The evolution of animal
portrayal can be traced through all five
millenniums. At Lascaux and at Pech-
Merle, for example, one can differenti-
ate between early Style III animal paint-
ings that are still close to Style II and
late Style III paintings that already
verge on Style IV.

In western Europe small sculptures
are notably rare during the archaic pe-
riod; of the few works in the category of
portable art most are engraved plaques.
In eastern Europe, on the other hand,
there is no Style III wall art at all but
there is a trove of animal and human
figurines. Such regional differences prob-
ably correspond to ethnic ones. Thus one
can readily distinguish between an east-
ern domain (from what is now Czecho-
slovakia to the U.S.S.R. west of the
Urals) and a western one. Although we
are a long way from knowing all the
schools of Style III in the western do-
main, variations in rectangular signs and
associated animal figures enable us to de-
tect shades of difference between works
from the Dordogne, the Lot valley, the
central Pyrenees, Cantabria and the
Rhone valley.

The whole of the Magdalenian proper,
from 13,000 to 9000 B.c., provides the
stage for the classic period of Paleolithic
art and Style IV. Outside of western

THE TWO SEXES are represented by this array of wide and narrow signs painted on
the wall of a cave at El Castillo in Cantabrian Spain during the archaic period. The em-
bellished rectangles belong to one of five groups of female symbols recognized by the au-
thor and the rows of dots to one of four male groups (see illustration on opposite page).

“WOUNDED” BISON, painted during the classic period at Niaux in the French Pyrenees,
is interpreted by the author as neither a hunting scene nor a sorcerer’s spell but instead
as a combination of animal figure and abstract female sign found only in Style IV. Female
signs are usually found with bison and wild-ox pictures in the caves’ central chambers.
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Europe, Style IV is not particularly well
represented at present, but within that
area it is rich in wall art and especially
rich in portable art. Small sculpturés
were widely disseminated in western
Europe during the classic period.
Toward the end of the period, when an
increasingly mild climate allowed oc-
cupation of the northern and mountain-
ous areas of Europe, examples of por-
table art reached the areas of Switzer-
land, Germany and even Britain. Wall
art also extended its boundaries, appear-
ing in Italy for the first time.

The wealth of classic small sculptures
makes possible many comparisons be-
tween them and Style IV wall paintings
that illuminate the main features of the
period’s art evolution. One result is that
a distinction can be made between early
and late Style IV animal pictures. In the
early period faint traces of the archaic
models still remain; regardless of the
correctness of their proportions, the ani-
mals give the appearance of being sus-
pended in midair. Body contours are
filled in with incised lines or splashes of
color that convey the texture of the coat.
This surface modeling is present in fig-
ures found from Spain to the Loire
CRUDELY OUTLINED HEAD of an animal from the earliest Aurignacian stratum at the  valley in France; each animal species—
Cellier rock-shelter in the Dordogne valley is typical of the art of the primitive period.  Lorse, bison, ibex, reindeer and the like

—is rendered by means of the same con-
ventions from one end of this region
to the other. In late Style IV represen-
tations the rendering of texture is less
clear and many animals are presented in
simple outline. It is now that anatomical
fidelity and a sense of movement reach
their peak. If the final art of the Paleo-
lithic lacks the rather solemn grandeur
of Lascaux, it nonetheless possesses an
extraordinary vitality.

Most of the best-known examples of
cave art are either early or late Style
IV. These include the wall paintings at
Font-de-Gaume, Les Combarelles and
Cap Blanc in the Dordogne, the paint-
ings at Le Portel, Trois-Fréres and Niaux
in the Pyrenees, the great painted ceiling
at Altamira and paintings in several
other cave sites in Biscay, Cantabria and
Asturias. Because Style IV animal pic-
tures are handled in a remarkably uni-
form manner all the way from Spain to
central Europe, regional subdivisions are
much harder to establish in the classic
period than in the archaic one. Indeed,
the uniformity of the classic period sug-
gests not only the existence of contacts
between various regional populations but
also the existence of a firmly based cos-
] mopolitan artistic tradition. One sub-
LOW-RELIEF SCULPTURE of a horse’s head from Commarque, a Middle Magdalenian  division that can be detected is a single
cave site in the Dordogne, shows the sophistication of classic period art, 15,000 years later. cohesive Franco-Cantabrian body of
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You will be able to capture on film
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early Style IV art; it extends from the
Loire valley to the Pyrenees and Asturias
and is reflected in the rendering of fe-
males in profile and in associated ab-
stract key-shaped signs. The distribution
of small Style IV sculptures demon-
strates a connection between the Pyre-
nees-Loire region and areas to the north
and east as far as Germany.

What are the main developments dur-
ing the huge span in which Paleolithic
art flourished? At the foot of the evo-
lutionary path a master plan already ex-
isted even though techniques were vir-
tually unformed; this was the primitive
period. In the extended period of re-
finement in technique that followed, the
key developments involve the delinea-
tion of those characteristics that dis-
tinguish one species of animal from
another; this was the archaic period. Fi-
nally both technique and delineation
were progressively united in a more and

more realistic portrayal of shape and
movement; this was the classic period.
Then it is all gone, much as the mam-
moth and the woolly rhinoceros disap-
peared from the same region. The ideo-
logical line uniting an artistic tradition
of 20,000 years comes to an end.

Obviously both the long lifetime of
Paleolithic art and its disappearance are
topics that will occupy generations of
investigators. Today, although we know
only a fraction of what remains to be
learned, we have made some progress. It
might be said that historians of Paleo-
lithic art have reached a level of preci-
sion comparable to the level achieved
by historians of Christian art when they
were at last able to fix the date of some
object within a century or two. They
could be justly criticized for a lack of
precision, but they had achieved a clear
view of the path along which Christian
art had evolved.

ANATOMICAL FIDELITY is characteristic of Style IV work, produced during the classic
period of Paleolithic art. The deftly rendered outline of a wild-ox cow’s head is one of the
animal engravings in the cave at Teyjat, an Upper Magdalenian site in the Dordogne valley.
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you see your lab photo 15 seconds photos in high-speed or low-light simultaneously with print) holds
after you snap it. situations (such as in vivo micrography) detail, even at 25x enlargement.

in 15 seconds. Develops in 20 seconds.

Now we have five instant 4x3 filn
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Color

Type 58. Polacolor film gives
color prints for any scientific
situation that demands them.
In 60 seconds.

or the professional photographer.
‘our profession, too.

High Contrast

Type 51. Newest film enhances
contrast (for such studies as
low brightness differences in
metallography). Develops in

15 seconds.
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To use these 5 films, all you need
is a Polaroid 4x5 Land Film
Holder. It fits most 4x5

camera backs. Just as the films
fit most photographic situations.

Polaroid Corporation

Cambridge, Massachusetts,



GREAT RED SPOT appears somewhat orange in this remarkably ly ranged from “full gray” and “pinkish” to “brick red” and “car-

detailed photograph made at the Lunar and Planetary Laboratory mine.” The photograph was made on December 23, 1966, by Alika
of the University of Arizona. During the century or so that Jupiter’s Herring and John Fountain, who used a 61l-inch reflecting tele-

great red spot has been closely observed its color has reported- scope. The exposure was one second on High Speed Ektachrome.
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JUPITERS GREAT RED SPOT

There 1s evidence to suggest that this pe('uliar marking

1s the top of a “Tay]or column”: a stagnant region above

a lmmp or depression at the bottom of a ('ir('ulating (Tuid

r I Yhe surface markings of the plan-
ets have always had a special fas-
cination, and no single marking

has been more fascinating and puzzling

than the great red spot of Jupiter. Un-
like the elusive “canals” of Mars, the red
spot unmistakably exists. Although it has
been known to fade and change color, it
has never entirely disappeared in the 130
years it has been regularly observed. The
red spot appears to be embedded in the
banded clouds of Jupiter’s atmosphere,
and its period of rotation about the axis
of the planet undergoes slight but per-
sistent fluctuations. For this reason as-
tronomers have generally thought that
the spot could not be attached to the

solid planet (assuming Jupiter has a

solid surface underlying its atmosphere)

and that it must be a solid object rather
like a huge raft floating in the atmo-
sphere.

An alternative suggestion was put for-
ward in 1961: I proposed that the great
red spot might be visible evidence of a
hydrodynamic phenomenon essentially
similar to a “Taylor column.” This is a
more or less stagnant cylinder that can
be produced in a rotating fluid by either
a protuberance or a depression at the
base of the fluid. Such columns, which
tend to be parallel to the axis of rotation
of the fluid, are named for their first
investigator, Sir Geoffrey Taylor of the
University of Cambridge. According to
my hypothesis, the presence of even a
shallow topographical feature on the sur-
face of the solid planet, if indeed it be
solid, would give rise to a pronounced
disturbance in the atmosphere because
the planet is rotating so rapidly (one rev-
olution in less than 10 hours). This hypo-
thetical disturbance could well give rise
to a permanent marking, such as the red
spot, at the top of the cloud layer, where
it would be visible to outside observers.

by Raymond lide

To explain the fluctuations in the red
spot’s period of rotation one must assume
that there are forces acting on the solid
planet capable of causing an equivalent
change in its rotation period. In other
words, the fluctuations in the rotation
period of the red spot are to be regarded
as a true reflection of the rotation period
of the planet itself. Theoretical studies
suggest that the fluid regions of Jupiter
—its atmosphere and its fluid core, as-
suming there is one—are together suf-
ficiently massive and well agitated to
create the forces needed to alter the
planet’s speed of rotation. At the same
time the topographical feature respon-
sible for the red spot would be kept from
wandering in latitude because of the
planet’s great gyroscopic stability. In-
deed, one of the principal objections to
the “raft hypothesis” is its apparent in-
ability to explain why the latitude of the
spot has remained fixed.

Fifth in order of distance from the sun,

Jupiter is a giant among the planets.
Its diameter is some 138,000 kilometers
(about 86,000 miles), or roughly 11 times
the diameter of the earth. Jupiter circles
the sun once every 11.8 years. It can be
observed profitably for about 10 months
out of every 13; the rest of the time it is
on the far side of the sun from the earth
and its apparent diameter is much re-
duced. At opposition, when both planets
are in line with the sun on the same side
of it, Jupiter is twice as bright as Sirius,
the brightest star, and its apparent diam-
eter reaches 50 seconds of arc. This cor-
responds to a 33rd of the diameter of the
moon. Among the planets only Venus
and occasionally Mars exceed Jupiter in
brilliance.

Studies of various kinds indicate that
the visible surface of Jupiter is made up
of clouds of ammonia and ammonia crys-
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tals suspended in an atmosphere that is
mainly hydrogen admixed with water
and perhaps methane and helium. Other
lines of evidence, particularly the fact
that Jupiter’s density is only 1.3 times
the density of water, suggest that the
main constituents of the planet are hy-
drogen and helium. It was once con-
jectured that Jupiter had a metallic core
similar to the core of the earth, jacketed
by a thick mantle of ice. Ideas changed
in 1951 when William H. Ramsey, then
at the University of Manchester, pointed
out that the high pressures prevailing
deep inside the planet would have the
effect of converting hydrogen from its
ordinary liquid or solid form into a me-
tallic, electrically conducting form.

Theoretical models of Jupiter’s struc-
ture based on Ramsey’s ideas have since
been constructed by a number of work-
ers. Although these models give a fairly
complete description of the distribution
of density and pressure within the plan-
et, they do not lead to predictions about
such important properties as tempera-
ture, thermal and electrical conductivity,
viscosity and mechanical strength. More-
over, they cannot predict whether the
material at the base of the atmosphere is
a solid or a liquid. Thus for all anyone
knows Jupiter could be fluid throughout
[see illustration on page 79].

]n 1610 Galileo turned his primitive

telescope on Jupiter and discovered
the four largest of the planet’s 13 satel-
lites. Twenty years later Nicolas Zuc-
chi and Daniel Bartoli observed and
recorded the large-scale features of Jupi-
ter’s visible disk. The most prominent
are a series of bright and dark bands,
numbering 14 or more, that run paral-
lel to the planet’s equator. The bright
bands are usually called zones, the dark
ones belts [sce top illustration on page
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JUPITER THROUGH BLUE FILTER confirms the visual impres-
sion that the light reflected by the great red spot is primarily yel-
low to red. The equatorial zone brightened markedly in blue light

78]. Because the zones and belts present
a continually changing pattern it is ob-
vious that they are cloudlike structures
in a fluid atmosphere, not markings on
the surface of a solid planet. Isolated
dark spots and brilliant white areas fre-
quently appear in the zones. At other
times an entire belt or a large portion of
it will disappear from view and reappear
after several weeks or months.

The great red spot was probably first
observed in 1664 by Robert Hooke. That
same year Giovanni Cassini made draw-
ings of the spot and began recording its
period of rotation. He found that it
speeded up slightly between 1664 and
1672, when its rotation period, origi-
nally nine hours 55 minutes 59 seconds,
decreased by five seconds. “Hooke’s

TWO-COLOR SERIES taken on November 8 and 9, 1964, makes it
possible to compare the markings on Jupiter as seen in blue light
(left) and in red light (middle and right). The two photographs at

spot,” as it was later called, was observed
intermittently until 1713.

The next known record of the spot is
a drawing made in 1831 by Heinrich
Samuel Schwabe, the German apothe-
cary who is best known for his discovery
that sunspots wax and wane on a cycle
of roughly 11 years. Drawings of Jupiter
showing the spot were made in 1857 by
William Rutter Dawes, an English cler-
gyman, in 1870 by Alfred M. Mayer, an
astronomer at Lehigh University [sec
bottom illustration on page 78] and there-
after by many other observers.

Mayer described his observation of
Jupiter with a 15-centimeter refracting
telescope in January, 1870, as follows:
“I was struck with the beautiful defini-
tion and steady sharpness of outline of
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between October 23, 1964 (left), and December 12, 1965 (right).
Photographs on these two pages were taken at New Mexico State
University Observatory with either a 12-inch or a 24-inch telescope.

the details of [Jupiter’s] disk, and espe-
cially was my attention riveted on a
ruddy elliptical line lying just below the
South Equatorial belt. ... This form was
so remarkable that I was at first distrust-
ful of my observation; but...I perceived
that the ellipse became more and more
distinct as it advanced toward the cen-
tre of the disk.” Mayer believed the
feature he was recording had “never be-
fore been noticed.”

The great red spot became so con-
spicuous in 1879 that it was widely pub-
licized; it was then that the spot re-
ceived its present name. In 1882 the spot
began to fade. Its decline was so steady
that by 1890 astronomers believed it
would eventually disappear. By 1891,
however, the fading had halted and was

the right, which were taken only 30 hours apart, show how cloud-
like structures in the equatorial zone can change quite considera-
bly in the time required for the planet to make only three rotations.



JUPITER THROUGH GREEN FILTER shows the planet with the
red spot visible (left) and out of sight on the far side of the planet
(right). Extensive changes in hand structure took place hetween

soon reversed. Although the spot has var-
ied since then, it has never disappeared
from view.

x'ly acceptable theory of the great red
+ % spot must account for its principal
properties without being at variance
with what is known about the planet as
a whole. These properties can be listed
as follows.

First, the spot has a specific size, posi-
tion and form. It is an ellipse about
40,000 kilometers long and 13,000
kilometers wide, centered on about 22
degrees south latitude. The spot is rough-
ly equal in area to the entire surface of
the earth. Its shape, size and orientation
undergo slight fluctuations.

Second, the spot has a rotation period

THREE-COLOR SERIES was made in March, 1967. The red-light
view (left) was taken on March 4, only 32 minutes before the
green-light view (middle). The elliptical shape below the great red

that fluctuates by more than 10 seconds
[sce top illustration on page 80]. These
fluctuations, when plotted as variations
in longitude with respect to a mean pe-
riod, show that the spot has at times ad-
vanced or fallen back as much as 500
degrees. Significant accelerations of this
motion occurred in 1880, 1910, 1926
and 1936, years when the spot was also
very conspicuous.

Third, the spot exhibits only slight
excursions in latitude. In fact, variations
in the latitude of the center of the spot
have never exceeded the probable er-
ror of measurement.

Fourth, the spot is associated with a
persistent indentation, known as the red
spot hollow, in the southern boundary
of the south equatorial belt. On no occa-
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October 29, 1965 (left), and March 2, 1967 (right). The dark spot
near the equator at right is the shadow of Jupiter’s third largest
satellite To, which is a barely visible white spot near the right limb.

sion have the hollow and the spot been
simultaneously absent.

Fifth, the spot has interacted in a
specific way with a phenomenon called
the south tropical disturbance. The dis-
turbance made its appearance in 1901 as
a short dark streak in the south tropical
zone some distance from the red spot.
Eventually it grew in length until it
stretched nearly two-thirds of the way
around the planet. In 1939 the distur-
bance vanished, seeming to give way to
three “bright ovals” that can still be seen
in the belt just south of the red spot.
The rotation period of the disturbance
was somewhat less than that of the red
spot, and the two features came in con-
tact on nine occasions. The most remark-
able behavior at these conjunctions was

spot is one of three “bright ovals” in the south temperate belt.
The blue-light view (right), taken 17 rotations after the green-
light view, shows that the ovals travel slightly faster than the spot.




JUPITER’S BANDS are commonly called zones if they are bright and belts if they are dark.
At any given time some of the bands may be indistinct or even absent. Nevertheless, most of
the zones and belts shown here can be identified in the photographs on the preceding pages.

THE RED SPOT IN 1870 was drawn by Alfred M. Mayer of Lehigh University and pub-
lished in a paper titled “Observations of the Planet Jupiter.” A feature now believed to be
the red spot was first reported in 1664 by Robert Hooke. For more than 200 years the spot
had attracted so little attention that Mayer wrote in his account that the “ruddy elliptical
[feature] lying just below the South Equatorial belt...has never before been noticed.”
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the tendency for the disturbance to skirt
around the edge of the red spot at
about 10 times the speed with which it
approached the spot and receded from'it.

Sixth, the color of the spot seems to
fluctuate, although the changes are hard
to measure. At its faintest the spot has
been described as “full gray” and “pink-
ish” and at its most prominent as “brick
red” and “carmine.” In black-and-white
photographs made through colored fil-
ters the spot usually shows up very dark
when the filter is blue and is almost in-
visible when the filter transmits only red
or infrared. In 1963, using the 200-inch
telescope on Palomar Mountain, Bruce
C. Murray and his colleagues at the Cali-
fornia Institute of Technology compared
the infrared emission of the spot with
the emission of surrounding areas. They
found that the temperature of the spot
was about 127 degrees Kelvin (degrees
centigrade above absolute zero), or about
two degrees cooler than the adjacent
regions.

Finally, a truly satisfactory theory of
the great red spot should be able to ex-
plain its uniqueness. Why are there not
several spots of various sizes? Until evi-
dence to the contrary is provided, the
theorist must also assume that the red
spot is a permanent feature that has ex-
isted for thousands or millions of years.

The great red spot is such a weird phe-

* nomenon that few serious attempts
have been made to account for it. The
raft hypothesis seems to have been first
proposed in 1881 by G. W. Hough in his
annual report for the Dearborn Observa-
tory. One of its strongest advocates was
Bertrand M. Peek, an amateur astronomer
whose book The Planet Jupiter contains
a valuable collection of visual observa-
tions of the planet. He proposed that the
raft was mainly made up of several solid
forms of water that have been produced
in the laboratory at high pressures. Peek
suggested that the fluctuations in the
red spot’s rotation period might be due
to slow variations in the depth at which
the raft floated in the planet’s atmo-
sphere. He also proposed that as the raft
rose and fell one form of ice would
change into another form with a conse-
quent absorption or release of heat that
might account for the variations in the
appearance of the spot.

In a recent appraisal of the raft hy-
pothesis Wendell C. DeMarcus of the
University of Kentucky and Rupert
Wildt of the Yale University Observa-
tory said: “It has proved difficult to con-
ceive of an object able to float in a sur-
faceless ocean of ... hydrogen gas.” They
assert, however, that in principle the



red spot could be a solid object with the  ert H. Dicke of Princeton University has  only one such object and how it resists

same density as the fluid surrounding it~ suggested that Jupiter’s atmospheric  disruptive forces.

and having the same constituents but  winds, being strongly channeled in zones

in different proportions. parallel to the equator, might inhibit any he Taylor-column hypothesis avoids
When the hypothesis has been fully  tendency for a raft to drift in latitude. If ~ * many of the problems that beset the

tested against observation and when its  this is so, one of the strongest objections  raft hypothesis. I should point out, how-

other consequences have been carefully  to the raft hypothesis would be removed.  ever, that a raft could also give rise to a

examined, it may well look more attrac-  One would still be puzzled, however, Taylor column. In what follows, there-

tive than it does now. For example, Rob-  as to why Jupiter’s atmosphere contains  fore, I shall use “Taylor-column hypoth-
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STRUCTURE OF JUPITER has been in-
ferred from various lines of evidence. Al-
though Jupiter is about 11 times the diame-
ter of the earth and has more than 1,300
times the volume, its total mass is only 318
times that of the earth. In consequence Ju-
piter’s density is only a third greater than
the density of water. The structure and com-
position shown here follow studies made by
P.J.E. Peebles of Princeton University. The
composition of the cloud layer (above) is
based chiefly on the work of R. M. Gallet of
the National Bureau of Standards. The vari-
ous substances indicated are probably sus-
pended in an atmosphere that is mainly hy-
drogen. Helium and methane may also be
present. At the pressures prevailing inside
Jupiter it is thought that hydrogen would be
crushed to a metallic form. According to
one hypothesis the great red spot is a raft-
like solid body floating in the atmosphere.
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ROTATION PERIOD OF GREAT RED SPOT has varied considerably in the 135 years
since it has been recorded with care. The variation is even greater if the earliest observa-
tions of Giovanni Cassini, made between 1664 and 1672, are regarded as accurate. It was
long thought that a feature with such a variable period could not be connected in any way
with the surface of the “solid” planet below, which one would expect to rotate with great
constancy. But if the author’s hypothesis is correct, the red spot is produced by a surface
feature, either a raised area or a depression, and the planet’s rotation rate is indeed variable.

TUDE (

)

DRIFT IN LONG

1900 1925 1950 1975

LONGITUDINAL WANDERING OF RED SPOT can be visualized by defining a mean
period of rotation and plotting in degrees how much the spot advances or retreats with re-
spect to the mean. The diagram is based on one in The Planet Jupiter,by Bertrand M. Peek.
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esis” to mean a hydrodynamic phenom-
enon caused by an irregularity on the
surface underlying Jupiter’s atmosphere.

In the simplest conceivable fluid. sys-
tem, in which the fluid has uniform
density and zero viscosity, the effects of
rapid rotation on hydrodynamical flow
can be expressed in terms of a theorem
first proposed in 1916 by James Proud-
man of the University of Liverpool. This
theorem simply states that the flow must
be the same in planes perpendicular to
the axis of rotation.

In 1921 Sir Geoffrey Taylor recog-
nized, and verified by experiment, an im-
portant implication of Proudman’s theo-
rem: If a solid object were to be moved
slowly through a rotating tank of fluid,
the object would carry with it a relative-
ly stagnant column of fluid aligned paral-
lel to the axis of rotation. Taylor columns
can also be created by irregularities such
as bumps and corrugations at the bottom
of a rigid container when the fluid is in
motion with respect to the container.

In considering whether a topographi-
cal feature on the surface of Jupiter
might give rise to a Taylor column it is
important to know how high (or alterna-
tively how deep) the feature must be to
be effective. It turns out that the height
(h) must exceed a value determined by
a relation involving the total depth of
the fluid (D), the horizontal dimension
of the topographical feature (L), the
speed of the fluid over the feature (U)
and finally the angular speed of rotation
of the entire system (Q). Specifically, the
value of h must exceed D(U/2LQ), all
expressed in appropriate units.

To investigate this relation, one of my
students, Alan Ibbetson, and I conduct-
ed a series of laboratory experiments
[see illustrations on opposite page]. In
addition to confirming the relation, we
found that some of the details of the flow
patterns we observed have their counter-
parts in the theoretical studies of Taylor
columns in fluids of zero viscosity con-
ducted by Keith Stewartson of Univer-
sity College London and by Michael .
Lighthill of the Imperial College of
Science and Technology. Nevertheless,
certain questions concerning Taylor col-
umns remain unanswered; both theo-
retical and experimental work are being
continued.

The extent to which a planet’s rotation
influences the flow of its atmosphere de-
pends chiefly on its size and rotation
speed. The linear speed of Jupiter’s sur-
face owing to the planet’s rotation is
more than 25 times that of the earth.
Consequently Jupiter’s rotation domi-
nates the winds in its atmosphere even



more effectively than the earth’s rotation
dominates terrestrial winds. A measure
of this “domination” is the Rossby num-
ber (R), named for the Swedish meteo-
rologist Carl-Gustaf Rossby. This num-
ber is equal to U/2LQ, which is the
factor multiplied by D in the equation
given above. The smaller the Rossby
number, the larger the dominance of ro-
tation. R for large-scale motions in the
earth’s atmosphere is about .1. The cor-
responding value of R for Jupiter’s atmo-
sphere is .0002 (except near the equator,
where R is .01).

X}y realistic discussion of Jupiter’s me-
‘ teorologywould have to take account
of many complicating factors, such as
the nonuniform density of the planet’s
atmosphere and the possible effects of
magnetic fields. In a first approximation,
however, the complicating effects are
not expected to vitiate the essential idea
behind the Taylor-column hypothesis. In
any case, the banded appearance of
Jupiter makes it clear that large-scale
winds on Jupiter must blow mainly par-
allel to the equator along circles of lati-
tude, showing that the rotation of the
planet indeed dominates the motions of
the atmosphere.

In order to estimate the height (or
depth) of a topographical feature capa-
ble of creating a Taylor column in Jupi-
ter’s atmosphere, we proceed as follows.
We begin with the assumption that the
atmosphere is underlain by a material of
such high viscosity that it flows very
much more slowly than the atmosphere;
this material is the “solid” planet.

For the sake of carrying out a fairly
definite calculation let us make the in-
rocuous assumption that the depth (D)
of Jupiter’s atmosphere is 3,000 kilom-
eters. Since the red spot itself is about
40,000 kilometers long let us use this as
the value of L, the major horizontal di-
mension of the topographical feature. A
plausible value for the velocity (U) of
the wind passing over the surface might
be two meters per second, or about four
miles per hour. For this value of U the
Rossby number is .0004. If one inserts
these values into the preceding equation,
one finds that a Taylor column will be
produced if the height (or depth) of the
topographical feature exceeds only one
kilometer. By earth standards this is a
very modest dimension, but until more
is known about the mechanical proper-
ties of the “solid” part of Jupiter one can-
not be sure that a topographical feature
one kilometer high could in fact be sup-
ported against gravitational forces nearly
three times those on the earth. The Tay-

p> — i
o | < —>
- -

| e

E . Y I
'E I._—" ¥ “"".?.17‘\55""11'.1’\?._ ittt Y
— A, ! -

=

TURNTABLE

TAYLOR-COLUMN EXPERIMENT was carried out by the author and Alan Ibbetson,
using the apparatus diagrammed here. A liquid, usually water, was rotated at a uniform
speed in a cylindrical tank 122 centimeters deep and 14.5 centimeters in radius. A short
cylindrical obstacle of variable height was mounted so that it conld be driven slowly across
the radius of the rotating tank. The author and his colleague established the conditions
under which a stagnant column of liquid, a Taylor column, would form above the obstacle.

FLOW PATTERNS OVER OBSTACLE in the experimental tank were drawn by the author
and Ibbetson, who observed the streaks made by a dye tracer about 10 centimeters above
the obstacle, which projected about two centimeters from the base of the tank. The ob-
stacle was moved toward the center of the tank at various speeds while the tank and liquid
rotated at about 40 r.p.m. A Taylor column formed (colored ellipse in “a”’) when the ob-
stacle was moved at 1.2 centimeters per minute. When the rate was increased to nine centi-
meters per minute (b), flow was diverted but no pronounced Taylor column was visible.

8l
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TAYLOR COLUMN ON JUPITER, which the author believes accounts for the great red
spot, might assume various orientations with respect to either a plateau or a depression on
the surface of the planet. In the simplest theoretical case (A4) the axis of the column would
be parallel to the planet’s axis of rotation. But depending on the characteristics of the plan-
et’s atmosphere and other variables, the Taylor column might rise more or less vertically
(B) above the surface feature. The depth of the atmosphere is unknown, hence not to scale.

lor column would not necessarily rise
vertically over the surface feature. In
the simplest case the column would have
its axis parallel to the axis of rotation of
the planet [sec illustration above].

Perhaps the most obvious weakness of

the Taylor-columnhypothesis is one it
shares with the raft hypothesis: Why
should there be only one such feature or
object? There is, however, a lead toward
an explanation of the uniqueness of the
Taylor column in Jupiter’s atmosphere
that has no ready analogy in the case of
araft. The conditions for creating a Tay-
lor column discussed above show that
for a given wind speed a column would
not form over a topographical feature
of a kilometer in height if its horizontal
dimensions happened to be much less
than 40,000 kilometers.

If, however, Jupiter’s atmospheric
winds are sufficiently variable and oc-
casionally shift from one semistable pat-
tern to another, it should be possible for
such topographical features to give rise
temporarily to Taylor columns. Clark
Chapman, working in my former labora-
tory at the Massachusetts Institute of
Technology, recently made a search for
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such columns, using a large amount of
observational data supplied mainly by
Bradford A. Smith and his colleagues at
New Mexico State University. He found
none. However, ]. H. Focas of the
Meudon Observatory in France has re-
ported seeing “false red spots” in vari-
ous locations not far from the red spot
itself. Conceivably these are eddies
in the downstream wake produced by
the Taylor column underlying the red
spot.

The other properties of the great red
spot are in principle readily accounted
for by the Taylor-column hypothesis.
For example, the variable rotation rate
of the red spot must reflect the variable
rotation rate of the main mass of Jupiter.
This may seem difficult to accept, in-
volving as it does huge changes in the
planet’s angular momentum, but a vari-
able rotation rate is by no means incon-
ceivable. Since Jupiter does not rotate as
a solid body, it must be constantly agi-
tated by some energy source or other.
Various lines of evidence suggest that
Jupiter may still be contracting. Al-
though the contraction would be much
too slow for verification by direct obser-
vation, it could still convert gravitational
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energy into internal heat energy at a sig-
nificant rate (a rate comparable, in fact,
with the amount of solar energy received
by the planet). :

If the changes in the rotational en-
ergy of Jupiter were brought about en-
tirely by frictional processes, the asso-
ciated dissipation of heat would be quite
excessive. The mechanical coupling be-
tween different parts of the planet need
not, however, be due only to friction.
The electrical conductivity of most of
Jupiter’s interior and lower atmosphere
should be high enough for the internal
magnetic field of the planet to contribute
significantly to mechanical coupling. In
contrast to frictional coupling, which
transforms rotational energy irreversibly
into heat, magnetic coupling transforms
rotational energy reversibly into mag-
netic energy. The magnetic field in-
volved will be mainly of the toroidal
type, with a strength probably exceeding
1,000 gauss.

Observations of the intense bursts of
radio emission from Jupiter provide in-
formation about the part of the magnetic
field whose lines of force pass through
the surface of the planet and out into
surrounding space. This part of the mag-
netic field (the “poloidal” part) is prob-
ably much weaker than the internal
toroidal field. The significance of the
external field for this discussion is that
the pattern of radio emission associated
with it has its own period of rotation,
which differs slightly from the rotation
period of the great red spot. This differ-
ence, which amounts to several seconds,
is expected on the Taylor-column hy-
pothesis because the red spot motion is
the motion of the “solid” planet, whereas
the radio emission is related to the mo-
tion of the fluid parts of the planet where
the magnetic field originates.

t will be interesting and most impor-
tant, therefore, to compare future ob-
servations of the radio period with those
of the red spot period, with the expec-
tation of learning more about the dynam-
ics and magnetohydrodynamics of Jupi-
ter’s interior. As one investigator has
remarked: “This is the first instance in
astronomy [where] the distribution of
angular momentum within a rotating
body ... manifests itself in observational
effects measurable within a short time
scale.” Meanwhile observers will con-
tinue to find the red spot a fascinating
object. Their studies can hardly fail to
turn up evidence that will help to sup-
port either the raft hypothesis or the
Taylor-column  hypothesis. And, of
course, there is always the chance that
someone will have a still better idea.
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Great Ideas Make Great Men

The founders of America were fired by great
ideas. And the ideas made them great.

But today, America needs new ideas to en-
hance its place among nations. Ideas in science,
in business and trade, in living and culture, in
the moral influence America exerts on world
affairs.

Where will the ideas come from? Normally
from higher education. But colleges are facing
shortages. Even now some are overcrowded and
intenyears there’ll be twice as many applicants.

Certainly, with increasingly urgent responsi-

HIGHER EDUCATION

KEEF IT BRIGHT

bilities to our country and to the world, we can-
not tolerate shortages in ideas and leaders. Col-
leges need classrooms, modern libraries, up-to-
date laboratory equipment and, not the least,
top-notch teachers and professors.

Higher education is everybody’s business. Col-
lege is America’s best friend—give to the college
of your choice.

If you want to know what the college crisis means to you, write
for a free booklet to: HIGHER EDUCATION, Box 36, Times
Square Station, New York, N.Y. 10036
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Death from Staphylococci

When someone dies of staphylococcal infection, what is the specific

cause of death? The answer s sought by study of the chemical events

that accompany- the course of fatal infection in laboratory animals

professor of surgery at Aberdeen

University, was given a grant of 50
pounds to do “research into the relation
between bacteria and surgical disease.”
Infections, both those requiring the sur-
geon’s knife and those arising from sur-
gery, were of course a major clinical con-
cern of the time. Ogston used the money

Il] 1879 Alexander Ogston, a Scottish

¥
Y

by lan Maclean Smith

to build a small shed as a laboratory in
his backyard and to purchase some sim-
ple equipment, including a microscope
with an Abbe condenser and an oil-im-
mersion lens. He proceeded to isolate the
various organisms he found in abscesses
and to study them by growing them in
hens’ eggs or sterile urine.

Ogston was particularly intrigued by

STAPHYLOCOCCI from a laboratory culture clump together like bunches of grapes, for
which they were named by Alexander Ogston. These cells, enlarged 1,000 diameters, ‘were
photographed by Frederick W. Kent in the author’s laboratory at the University of Iowa.
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the round bacteria he discovered in pus-
producing abscesses. In his cultures he
found that the organisms grew in clumps
like bunches of grapes, and he therefore
named them staphylococci, from the
Greek word for “bunch of grapes.” (He
also observed cocci growing in the form
of twisted chains; these were later named
streptococci) Ogston was able to dem-
onstrate that virulent forms of the staph-
ylococcus coagulated blood, produced
abscesses in guinea pigs and mice and
were present in the heart blood of mice
dying from blood poisoning.

Since Ogston’s revealing discoveries
the staphylococci and the diseases they
cause have been investigated intensive-
ly—by clinicians, immunologists, micro-
biologists and pathologists—and there is
now an enormous literature on these or-
ganisms and their interactions with their
hosts. Most commonly the staphylococ-
cus simply produces a relatively harm-
less boil or sty. In the lungs or the blood-
stream, however, the infection can be ex-
tremely dangerous. Before the advent of
antibiotics the death rate from staphy-
lococcal pneumonia was 35 percent and
from septicemia 90 percent. Treatment
with antibiotics has reduced the fatality
rates to 15 percent for pneumonia and
25 percent for septicemia. The staphy-
lococci have nonetheless shown consid-
erable chemical ingenuity in developing
resistance to antibiotics. Moreover, as
the noted bacteriologist René J. Dubos
has shown, individual patients vary a
great deal in their defenses against the
infection.

It is a matter of crucial importance,
therefore, to learn just how the staphy-
lococcus kills its human host. What le-
thal substance or substances does the
bacterium produce, and how do they act
on the chemical processes of the host?
Until these facts have been established



to provide a basis for definitive control,
staphylococcal infection will continue to
be a sizable and ever present hazard to
human life.

le infection can be regarded as a
£ X chemical contest between the in-
vader and the infected host. The best
way to investigate the nature of the con-
test in detail is to study the reactions of
the host’s chemical systems to a mea-
‘sured challenge by the infectious agent.
In the case of the staphylococcus the
character of the attacker has been fair-
ly well established. The staphylococcus
cell, a small organism only a micron in
diameter (about a seventh of the diame-
ter of a human red blood cell), is a chem-
ical factory that produces a number of
potentially toxic substances. This chemi-
cal versatility greatly complicates the
problem of identifying the particular
chemical agent that causes the death of
the host.

My colleagues and I at the University
of Towa have been conducting a system-
atic investigation of the effects of staph-
ylococcal infection, using white mice as
the experimental animals. We use mice
rather than guinea pigs or rabbits be-
cause they are small and inexpensive,
can be tested in statistically significant
numbers and provide certain other ad-
vantages, such as an opportunity for
chemical analysis of the ground-up car-
cass of the whole animal.

We first experimented with various
routes and modes of infection in order
to arrive at a norm, or standard, of infec-
tion that would produce death within a
predictable time and would result in a
typical picture of symptoms and typical
involvement of organs. The minimal le-
thal dose was found to be from a million
to 10 million staphylococci (using a
strain of the bacterium Dubos had ob-
tained from a child with osteomyelitis).
We began by injecting 10 million staph-
ylococci intravenously. Careful study of
the tissues of the mouse after death
showed a high concentration of the or-
ganisms and abscesses in the animal’s
kidneys. It turned out, however, that
when the dose was inoculated directly
into the brain, the kidneys did not de-
velop abscesses; hence kidney failure
was ruled out as the general cause of
death in staphylococcal infection. All
told we tried 11 different routes of infec-
tion, each of which resulted in a differ-
ent pattern of growth of the bacteria and
a different time of death. Apparently the
organisms did not seek out a particular
target organ where they grew at a pref-
erential rate. The route of inoculation

CELL WALLS of Staphylococcus aureus do not produce lethal infections when they are
injected into mice. The bacterial cells are disrupted and the cell walls are separated from
the internal protoplasm by centrifugation. In this electron micrograph made by J. M. Lay-
ton of the University of Arkansas the empty cell walls are enlarged some 7,000 diameters.

PROTOPLASM of staphylococci is as lethal as the intact bacteria but does not replicate in
the host, so that chemical changes in the host can be differentiated from changes caused
by growing bacteria. This electron micrograph of protoplasm was also made by Layton.
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did, however, make a considerable dif-
ference in the animals’ survival time.
When the dose was inoculated into the
peritoneum, for example, from 90 to 100
percent of the mice died overnight; on
the other hand, injection of the same
dose into a vein did not produce death
until after the third day and did not kill
all the mice.

Further analysis showed that, regard-
less of the route of injection, death usu-
ally occurred shortly after the total num-
ber of staphylococci in the mouse’s body
reached a billion. We were also able
to establish that death was associated
with the action of live bacteria rather
than with the bacterial products alone.
The mice usually survived when they
were injected only with filtrates from the
bacterial culture or with heat-killed
staphylococci, or when live bacteria
were enclosed in a filter chamber (im-
planted in the mouse’s abdomen) that al-
lowed the bacterial products but not the
bacteria themselves to pass through.
Bacteria that had been stored for seven
days beforehand at 37 degrees centi-
grade (98.6 degrees Fahrenheit) also
failed to kill the mouse. This, along with
other evidence, indicated that the lethal
material in staphylococci (in contrast to

aal

FATALITY RATE and time of death are shown for mice chal-
lenged with 10 million staphylococci administered by different
routes. Each bar represents a group of 10 mice and shows how
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that of some other bacteria) is subject to
breakdown by heat.

‘Y a standard procedure for producing
<+ X a lethal infection that would serve
as a “model” for study of how death
was brought about we settled on an in-
jection of a billion bacteria of the Staph-
ylococcus aureus strain into the mouse’s
peritoneum. This dose resulted in death
within four and a half hours, so that we
were able to proceed with chemical
analyses and other studies the same day.
The toxic effect of the dose on mice
closely resembled the picture presented
by an overwhelming and fatal staphylo-
coccal infection causing peritonitis or
septicemia in man.

We began with “bedside” observa-
tions, so to speak, of the symptoms
shown by the dying mice. One striking
symptem was difficulty in breathing.
The cause of this difficulty is still un-
clear. Other symptoms indicated that
the mice were reduced to a state of pro-
found chill. They huddled together, with
rufflike erections of the neck hair, and
also showed bursts of overactivity (run-
ning and jumping) that ended finally in
convulsions and death. Now, convul-
sions in an animal may be brought about

6 7 8
AVERAGE DAY OF DEATH
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by any of several causes, such as a low
level of calcium or of sugar in the blood
or poor oxygenation. The calcium factor
was quickly ruled out as a cause of death
in our mice: injection of calcium salts
in the infected mice did not prolong life.
Sugar, as we shall see, proved to be a
significant factor. Interestingly the oxy-
gen supply was found to have a definite
effect, but opposite to what might have
been expected. Patricia Barnwell found
that the administration of oxygen at
normal or elevated pressure did not help
the infected mice, but reduction of the
oxygen pressure to below normal dou-
bled their expected survival rate! In-
deed, next to penicillin this is the most
effective treatment for staphylococcus-
challenged mice that we have discov-
ered, although the reason for its eftec-
tiveness is not clear.

We found that as a result of the infec-
tion the mean blood pressure of a mouse
fell frcm the normal 112 millimeters of
mercury to 76 millimeters just before
death, and the mouse’s bleedable blood
volume dropped from .38 centimeter to
.27 centimeter. Examination of the or-
gans at autopsy showed some blood con-
gestion, indicating a stagnation of the
circulation. There was no increase of lac-

NO
DEATHS

many died (black) and how many lived (color). The location of
each bar shows the average day of death for those animals that
died. Peritoneal injection was selected as the standard procedure.
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Watch the Bob Hope Show on NBC-TV.

Arrive home
ready for home.

If you want more than luxury in

MPERIAL

Why fight your way home from
work when you can relax your
way home—in a 1968 Imperial.
Settle back in a front seat that
adjusts to you, not vice versa.
It is actually three seats in one—
a plush 5-foot wide sofa, which
adjusts into twin armchairs, or
an armchair plus recliner.
With the touch of a button,
power windows seclude you from

the clamoring world. The tensions
of your day are soon forgotten.

Relax. Surround yourself with
the sound of stereo—with a
5-speaker, 8-track tape system* or
AM/FM Multiplex Radio.*

You may even dial your own
weather with Auto-Temp.* One
setting automatically warms or
cools, dehumidifies, filters pollen
and dust from the air, and

luxury car

1968 Imperial Crown Four-Door Hardtop

maintains the temperature you
prefer—winter and summer.

When the traffic clears, you
move out decisively. With the
largest V8 ever offered by
Chrysler Corporation.

Tonight, see your Imperial
dealer. Tomorrow, arrive home
ready for home. In your new
Imperial, finest automobile built
by Chrysler Corporation.
*Optional

O
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MOTORS CORPORATION
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Electronic troubleshooter takes pulse of giant plane
e Ultra-fast memory system speeds handling of
huge data quantities « Statistical approach reduces
Lunar Orbiter photo information « Compression
techniques now can reduce telemetry data by 80%
Ways to cope with exploding masses of data—by storing
it, speeding it, reducing it, converting it, analyzing it
together with new methods for gathering still more vitally
needed facts, are becoming prime concerns among sci-
entists, businessmen and administrators alike. Lockheed s
involvement in this great numbers game is producing
new kinds of hardware and fresh approaches (o growing
problems. Below are some samples of current Lockheed
information projects.

Madar. In 1968, the maiden flight of the largest airplane
ever built also will mark a first in airborne information
systems. MADAR (malfunction detection analysis and
recording), a maintenance management tool, wis chosen
by the U'.S. Air Force to monitor the giant -3A.

Lockheed’s MADAR system is a combination of
sensing, computing and recording components. It
automatically provides information on dozens of
a plane’s critical subsystems through hundreds
of test points. It monitors and records condi-
tions, making comparisons between actual anil
expected datu. It classifies performanee usually
as either “‘go’’ or ‘‘no go."”

When a “‘no go”’ condition is found, MADAR
records the LRU (line-replaceable unit) number,
time and date. It alerts the flight engineers and
pinpoints the problem, printing out instructions lor
immediate repair.

At programmed intervals, MADAR measures and
records all instrumented functions to obtain trend-
significant data. This information becomes part of the
ship’s statistical history. After processing by ground
equipment, these data are used to predict mission success
and improve maintenance cyelic rates.

The value of MADAR, besides the obvious importance
of in-flight repairs, is considerably increased aircrafi
utility. The total picture of capability MADAR presents
adds to the accuracy of readiness evaluations. During
flight, the system confirms success prediction and is the
basis for determining mission extensions or curtailments.
It also lowers operating costs by reducing needed main-
tenance man-kours for troubleshooting and pinpoints
the skill level of maintenance men required.

500 nanosecond memory system. The world’s fastest
ferrite core memory system now has been developed and
put inte production by lLockheed. Complete memory

Putting
information
in its place

LOCKHEED A AFT CORPORATION

LOCKHEED
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eyele time is 500 nanoseconds
(2 million storage and retrieval
lunctions per second) and
storage capacity is in excess
of 1 million bits.

At the heart of the system
are Lockheed-produced 18-
thousandth-inch-diameter
lithium ferrite memory cores.
Through each of these toroid-  Section showing 18 mil ferrite
shaped cores pass 3 wires— memory cores wired in 2150
N drive, ¥ dtive and sensa— arganisation. Magnified 12 X,
utilizing a 22D organization for storage and retrieval
ol binary digital data.

The 24D organization provides inherently greater
operating marging by eliminating the inhibit current
required in 3D organization. This is because absolute
current tolerance, dictated by the knee of the memory
core. is divided between only X and Y currents, rather
thant X, Y and inhibit currents.

Another advantage of 214D organization is that the
Y lines essentially are driven on a bit by hit basis.
Because both the number of cores linked is small und the
length of each Y line is short, resultant circuit require-
ments are considerably less stringent, permitting simpler,
more economical cireuit designs,

The most important advantage gained from the new
system —higher speeds —stems from eliminating the in-
hibit current. Without this current, associated transient
current on the sense line disappears, thereby removing
a major obstacle to [aster operation.

Now awvailable, large-scale, ultra-fast 2150 memory

systems offer definite economies for applications where
capacity 1s 16,000 words and above. In total, the 215D
organization’s advantages add up to the most significant
innovation in high-speed memory technology during the
past decade.
Lunar orbiter data conversion. Todefineasingle high-
resolution photograph (covering 20 square miles of the
moon’s surface) beamed back by the Lunar Orbiter takes
approximately 30 million computer words of 36 bits each.
That is unless the computer can use statistical analysis
on selected portions of the photograph, thereby greatly
reducing the number of words needed,

Achieving this end, Lockheed designers have created
~the Lunar Orbiter Data Conversion System. Incorpo-
rated in the system is electronic equipment carefully
'i_n;egrated to ;‘)m\'i[l(‘ the accurncy and intricate timing
fequired by the statistical approach. Besides equipment
o tronsfer data from magnetic tape into the computer,
the LODCS features o display system used to visually

eviluate and photograph both raw data and computer-
reconstituted data.

The immediate application for the LODCS is to help
find the best landing site for Apollo astronauts, In the
future, the system holds promise for use in other fields,
Data compression. With every successful space shot,
mountains of new technical data pour in lor processing.
So much that stored masses of information are overflowing
archives. Ground networks are reaching the saturation
point; their ability to handle vital real-time data is be-
coming overtaxed. Among the consequences are increas-
ing preflight checkout times...and costs:

Well aware of this growing dilemma, Lockheed re-
searchers have been pursuing techniques to compress
amounts of data since 1960, An idea once used only by
human analysts and for processing data off-line, data
compression now has been made workable for on-line
service—including space vehicle telemetry data.

Basically, compression minimizes data by eliminating
redundant samples. The number of total data samples to
the actual number used is the compression ratio.

Lockheed’s studies, both theoretical and computer-
simulated, produced a telemeiry data compressor that
can handle up to 1,024 separate data channels. It will
accept inputs either directly from a telemetry multiplexer-
encoder or from a telemetry decommutation station...
and at more than 50,000 words per second.

Besides telemetry data, a wide variety of inputs can
I compressed effectively—such as facsimile and video
information, biomedical data and industrial process data.
Currently, compression ratios of 4:1 to 6:1 are being
achieved. And with new improvements in techniques,
ratios of 50:1 or more can be reached without signifi-
cantly degrading data.

Telemision picture laken during GEMINT mission, Left: as originally
taken. Right: reconstructed from 6:1 compressed data:

The activities mentioned here are only a few of Lockheed's
current R&D projects in data handling. 1f you are an
engineer or scientist interested in this field of work,
Lockheed invites your inquiry. Write: K. R. Kiddoo,
Lockheed Aircraft Corporation, Burbank, Califorma. An
equal opportunity. employer.

© 1968 SCIENTIFIC AMERICAN, INC



AL BUILDING BLOCK FOR

Up in the air
over petroleum
additives?

Talk to

Amoco Chemicals.

When you're plagued with petroleum additive
problems, take time to talk to the experienced
men from Amoco.

We can provide you with additive packages—
for your precise formulations—which will give
you excellent performance as well as very favor-
able cost ratios.

Our extensive technical capabilities and experi-
ence with additives are yours for the asking.
Talk to us about our detergents, dispersants,
inhibitors and detergent-inhibitors.

Just contact your Amoco salesman. Or write
Amoco Chemicals Corporation, Department 9119,
130 East Randolph Drive, Chicago, lllinois 60601.
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tate in the blood, however, and this sug-
gested that in spite of the slowing of cir-
culation the oxygenation of the tissues
had remained adequate during the in-
fection.

The liver and spleen lost from 5 to 10
percent of their normal weight, and the
adrenal glands gained 40 percent. Apart
from this and the blood congestion, how-
ever, there were no obvious changes in
the vital organs that could be detected
even by careful microscopic inspection.
Our group next proceeded to search for
changes in the chemical makeup of the
challenged mice.

By various techniques Shirley S. Lin-
dell, George W. Counts and Joseph I.
Routh discovered an extensive complex
of alterations in the body chemistry of
the mice. The total amount of protein
declined, and there were certain subtle
changes in protein metabolism; for ex-
ample, the liver and spleen showed an
increase in saline-insoluble protein, and
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ACCUMULATION of staphylococci in the bodies of mice varied

with the site of injection. The charts give results for injection in a

vein (top left) and in the brain (top right) and

the kidney showed a concomitant de-
crease. There were similiar fluctuations
in the lipid content of the body organs.
The total amount of lipids rose in the
first two hours after injection of the
staphylococcal dose, but by the time of
death the amount of cholesterol had fall-
en to below the normal level. The liver
and heart had a deficiency of total lipids,
the kidney and muscles an excess. An-
other chemical change was an increase
in the acidity of the blood.

The most significant of the chemical
changes, however, were a marked de-
cline in the total body glucose (sugar)
and increases in the amounts of inor-
ganic phosphates and transaminase, an
enzyme involved in phosphate reactions.
We concentrated most of our research on
these changes, because there were sev-
eral indications that carbohydrate me-
tabolism might hold the key to the in-
teraction of staphylococci and the living
body. For one thing, we found that the

glucose content did not decline in a
mash of ground-up mouse tissue exposed
to the challenging number of staphylo-
cocci. Further, treatment of an infected
mouse with penicillin not only led to the
mouse’s recovery but also stopped its loss
of glucose. On the other hand, when the
animal’s sugar supply was depleted in
advance by diet, treatment with insulin
or forced exercise, a given dose of staph-
ylococci produced a markedly more se-
vere infection.

The most dramatic change involving
sugar took place in the animal’s liver,
the body’s principal reservoir of sugar in
the form of glycogen (animal starch).
Judith Nelson found that in mice near
death from staphylococcal infection the
liver had lost a considerable amount of
glycogen. Glycogen had also dropped to
a low level in the brain, presumably be-
cause the disease process had used up
the supply in those organs.

The fact that sugar, one of the body’s
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for normal (bottom
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left) and massive (bottom right) injections in the peritoneum.
Each dot gives the whole-body bacterial count for a mouse that was
killed (color) or that died (black) after the indicated elapsed time.
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CHEMICAL CHANGES in the organs of infected mice are charted. Each bar shows the
concentration of a substance as a percent of the normal amount. Note glucose and inorganic
phosphorus changes in the liver and increased alkaline phosphatase in adrenals and muscle.

chief chemical sources of energy, played
so important a role in the disease proc-
ess led to studies by K. L. Mukherjee,
a visiting professor from India, of the
effects of staphylococcal infection on
the energy-producing machinery, partic-
ularly on the production of adenosine
triphosphate (ATP) by oxidative phos-
phorylation. As I have mentioned, in-
fected mice showed a substantial rise in
the level of inorganic (that is, degrad-
ed) phosphate, and this was especially
marked in the liver (as well as in the
blood). A corresponding decrease in the
level of high-energy organic phosphates
accompanied this increase. Did staph-
ylococcal infection, then, interfere in
some way with the synthesis of high-
energy phosphate?

The mitochondria of the liver cells are
important sites for the synthesis of ATP
by oxidative phosphorylation in animals.
The fuel for energizing the cycle of syn-
thesis is derived in large part from glu-
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cose. The cycle consists in a series of oxi-
dation and reduction reactions that pass
along pairs of electrons, and ordinarily
each pair generates the formation of
three molecules of ATP, with one oxygen
atom consumed for each synthesis. Un-
der some circumstances, however, part
of the energy released during the passage
of the electrons down the respiratory
chain is lost as heat, and in such cases
fewer than three molecules of ATP are
formed. This situation is called the “un-
coupling” of oxidative phosphorylation
[see “The Membrane of the Mitochon-
drion,” by Efraim Racker, page 32].
The oxidative activity of infected
mouse liver tissue was investigated by
Curtis H. Rhoden in our laboratory in
tissue suspensions in a Warburg flask. It
was found that such tissues, when taken
from a mouse dying of staphylococcal in-
fection, showed a markedly higher than
normal uptake of oxygen. Presumably
this reflected a hyperactivity of the

© 1968 SCIENTIFIC AMERICAN, INC

mouse’s metabolic defenses against the
infection. Most significant, we found
evidence suggesting that staphylococcal
infection may cause uncoupling of oxi-
dative phosphorylation in the mouse
liver. We also found that the administra-
tion of dinitrophenol, a chemical that is
known to produce such uncoupling, has-
tens the death of staphylococcus-infect-
ed mice.

Consideration of possible counter-
measures against the staphylococcus
raised an interesting question. Of the
various chemical changes that occur in
an infected mouse, which ones could be
attributed to activities of the multiply-
ing staphylococci and which to the de-
fensive metabolic activities of the animal
itself? Obviously in order to investigate
this question it would be helpful to es-
tablish a form of staphylococcal infec-
tion that did not involve multiplication
of the bacteria. Yu-lin Kong of our lab-
oratory succeeded in doing this. The
staphylococcus cells are broken down by
means of agents that weaken and rup-
ture the cell walls, so that the internal
protoplasm can be separated from the
wall material. The separated materials
cannot by themselves reproduce com-
plete cells. We have found that injection
of the cell-wall material into mice does
not kill the animals, but the internal
protoplasm, when injected, has proved
to be as lethal as the injection of intact
staphylococcus cells. (This situation is
somewhat unusual; in gram-negative
bacteria, for example, the cell walls con-
tain the lethal material.) The staphylo-
coccal protoplasm kills mice as quickly
as living staphylococci do and produces
approximately the same biochemical
disorders in the animals. We are now in
a position to investigate the animals’
chemical defenses in detail and perhaps
to determine how the induced biochem-
ical disorders may lead to death.

ln the meantime Sergio Rabinovich and

Elia Hazard have carried on an em-
pirical search for chemical treatments
that might counteract staphylococcal in-
fection in mice. Much of this research
has been directed toward replacing body
substances that are depleted by the in-
fection. Among the obvious deficiencies
the only one that has responded to treat-
ment is the glucose deficiency: an injec-
tion of sugar after a mouse has received
a lethal dose of staphylococci significant-
ly lengthens the animal’s life. A general
search for possible other deficiencies
turned up a few new suspects that had
not previously been detected. Injections
of testosterone and of extracts from the



liver and adrenal glands proved some-
what effective in prolonging the life of
infected mice, which suggests that the
infection may destroy some hormones
and other trace substances.

Correction of the infection-induced
acidosis of the blood (by injection of
sodium lactate, sodium phosphate or
sodium bicarbonate) has also proved ef-
fective in delaying death, and so has
the administration of sedatives that con-
trol convulsions. Cortisol, a drug that is
known to enhance the general defenses
of the body against stress, provided in-
teresting results when it was applied to
the staphylococcus-infected mice. In the
doses customarily used for other stresses
it had no effect, but very large doses
(five milligrams for a mouse weighing 15
grams) markedly increased the mice’s re-
sistance to staphylococcal infection if the
drug was injected after the animals had
been inoculated with the bacteria. When
the drug was administered two to three
hours before the staphylococcal chal-
lenge, however, it gave the animals no
protection, although the treatment did
raise the liver-glycogen and blood-sugar
levels. This suggests that the drug’s pro-
tective mechanism does not involve su-
gar metabolism.

Studies of the chemistry of staphylo-
coccal infection have been done on oth-
er animals besides mice. For example, a
group at Texas Christian University re-
cently reported the results of extensive
chemical investigations with chick em-

GROWTH OF BACTERIA in infected mice was studied as shown
in these drawings. The mouse received an injection of a billion
staphylococcus cells in the peritoneum (1). After death the entire

l

l

bryos as the experimental subject. They
found that staphylococcal infection
brought about increases in the levels of
glucose, glycoprotein and cholesterol in
these embryos—in contrast to what we
had found in mice. Another marked dis-
crepancy emerged in their observations
of respiration, or the uptake of oxygen.
Whereas we had found that the liver tis-
sue of mice showed a distinct rise in oxy-
gen uptake after staphylococcal infec-
tion, the Texas Christian investigators
observed no such effect in the liver tis-
sue of the chick embryos, although res-
piration did increase in the embryos’
brain tissue. Very likely at least some of
the discrepancies between our findings
in mice and those in chick embryos are
explainable by chemical differences be-
tween the animals. It is well known, for
example, that egg yolk is particularly
rich in cholesterol.

hat conclusions can be drawn from

the animal studies that may be ap-
plicable to fatal staphylococcal infec-
tions in man? Unfortunately it is very
difficult to obtain similarly detailed in-
formation about the chemistry of the
human patients. \We have managed to
collect some chemical data by analyz-
ing records of blood tests from 273 pa-
tients dying of septicemia or pneumonia
caused by Staphylococcus aureus. They
proved to have a high level of sugar in
the blood. Although this does not neces-
sarily mean the total amount of sugar in

%
P
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the body was elevated, it did indicate
that such patients probably are afflicted
by some kind of chemical disturbance
involving sugar. We also found that, as
in the mouse, the patients had deficien-
cies of protein and albumins and showed
a marked rise in certain breakdown
products from protein: urea nitrogen and
creatinine. We were unable to determine
whether or not the infection had caused
any change in the patients’ levels of in-
organic phosphates, cholesterol or trans-
aminase, as there were not enough data
on these substances in the blood for ac-
curate assessment. The patients’ blood
contained higher than normal levels of
potassium and chloride, which is not the
case in mice.

Burton A. Waisbren and Francgois Ab-
boud of the Marquette University School
of Medicine compared the blood chem-
istry of patients who died of incurable
staphylococcal septicemia with that of
patients who recovered after treatment.
Their main finding was that the fa-
tal cases were distinguishable from the
others by a rise of nonprotein nitro-
gen in the blood. We had noted that
such a rise was an unfavorable prognos-
tic sign in septicemia patients.

So far only a few investigators—too
few—have taken up the fundamental
search for the chemical answers to fatal
staphylococcal infection. As Ogston re-
marked more than 80 years ago, the sub-
ject is still “only in its infancy.” There is
good reason to believe that a coordinat-

carcass or a dissected organ was homogenized in a blender (2) or
with a grinding device (2a) respectively. The resulting preparations
(3) were plated on cultures (4) for a count of staphylococcus cells.
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ed animals lived than control animals infected at the same time but not given any treatment.
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POTASSIUMY

I

I—

} L
0 50 100 150 200 250 300 350
CONCENTRATION (PERCENT OF NORMAL MAXIMUMS)

HUMAN PATIENTS who had died of staphylococcal infections were studied through
analysis of blood tests made either the day before death or on the day of death. Statistical-
ly significant data could be obtained for only a few chemicals, for each of which the con-
centration in the blood is indicated as a percent of the maximum of the normal range.
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ed attack by people trained in micro-
biology, physiology and biochemistry
could now lead to answers that would
bring this particular hazard to life under
control.

The infection model applied to mice
has defined the problems to be solved
rather clearly. Let me summarize what
has been learned so far. Infected with
a lethal dose of staphylococci injected
into the peritoneum, mice respond with
rapid and deep Dbreathing, profound
cold, convulsions and death within a few
hours. Death comes only after the bac-
teria have multiplied to a certain total
number in the body, regardless of the
particular sites of their growth. There
are pronounced changes in the body
chemistry of the host and some elements
of shock in its general reactions. We
have learned that the survival of the in-
fected mice can be lengthened signifi-
cantly by restoring their lost sugar, by
neutralizing their acidosis, by reducing
their hyperactivity, by giving them very
large doses of cortisol or (most enigmati-
cally) by lowering the oxygen content of
the air they breathe.

The infected animal shows a profound
loss of glucose and has an increase of
inorganic phosphate at the expense of
organic phosphates. These changes are
most marked in the liver. Many signs
indicate that the answer to the ultimate
cause of death probably lies in the liver,
and that it is intimately related to carbo-
hydrate metabolism. The biochemical
evidence suggests that the staphylococci
or some active chemical produced by the
living bacteria may upset oxidative phos-
phorylation at the mitochondrial level,
possibly by uncoupling. We are hopeful
that it will be possible to hunt down the
specific material in the staphylococcal
protoplasm that does the fatal damage
and to identify the vital target in the host
cells that it attacks.

It is tempting to speculate on the
possibility that the precise point of at-
tack is the respiratory chain of enzymes.
If more fuel (glucose) is provided at
one end of the chain and if electron
transfer is hindered at the other end by
lack of oxygen, perhaps the wasteful
burning of oxygen without energy trans-
formation is delayed, thus explaining
why the mouse lives longer. In the treat-
ment of a moribund human patient, per-
haps substances affecting this metabolic
process might delay the lethal effects of
staphylococci, thus giving antibiotics a
chance to act. Anything that will stave
off irreversible changes in the patient’s
physiology can eventually contribute to
the saving of lives.
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STUDIES IN SELF-ESTEEM

The Opinion an mdividual has of himself 1s (:learly an important

component of his behavior. How this component 18 shaped and how

it influences personal conduct 1s investigated m a group of I,)oys

ne of the more significant con-
O cerns of modern society is how to

produce competent and self-re-
specting citizens. Faced with conditions
of poverty, increasing expectations and
changing values, the public has turned to
psychologists and other behavioral scien-
tists for guidance. The question is no
longer how to avoid maladjustment and
insecurity but rather how to generate
those capacities that enable an individual
to function effectively in his private, per-
sonal and public activities. This empha-
sis on the constructive aspects of person-
ality marks a change from the traditional
ways of thinking about mental and be-
havioral disorders. Whereas earlier the-
ories focused on difficulties that were al-
ready present and sought to determine
how they arose, current efforts are con-
cerned with the processes by which
healthy and effective individuals devel-
op. This “approach to health” orientation
rather than the “avoidance of illness” one
is consistent with views in the modern
medical sciences. According to such
views procedures that develop the re-
sistance of the organism are far pref-
erable to attempts to treat symptoms
after they have arisen. It is much more
sensible, for example, to immunize the
population against poliomyelitis or small-
pox than to try to treat the ravages pro-
duced by these infections.

Applying the same reasoning to the
problem of psychological health, we
should devote more attention to finding
specific ways to build up the constructive
capacities of human personality so that
it can deal effectively with the stresses to
which it will inevitably be subjected and
can eliminate those conditions that have
destructive consequences. The strategy
of strengthening the organism is the
same for psychology as it is for medicine,
with the major difference that psycholo-
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by Stanley Coopersmith

gy focuses on the acquisition of socially
learned capacities and skills rather than
taking physiological measures.

This requires first of all that we iden-
tify more specifically than has been done
in the past just what those constructive
resources and potentialities are. We also
need more detailed and accurate knowl-
edge of what kinds of experience are nec-
essary for the development of competent
and effective behavior and feelings of
inner comfort and acceptance. The main
requirements for such development are
rather obvious. They include expecta-
tions of success (hope), motivation to
achieve, initiative and the ability to deal
with anxiety. Probably the most impor-
tant requirement for effective behavior,
central to the whole problem, is self-
esteem.

Philosophers from time immemorial
have recognized that the feeling of per-
sonal worth plays a crucial role in hu-
man happiness and effectiveness. Only
recently, however, have self-esteem and
its effects received systematic study.
Among the first modern thinkers to write
on this subject, early in this century,
were the psychologist William James,
the philosopher George H. Mead and
the psychologist Alfred Adler. The last,
of course, founded his system of diag-
nosis and treatment on the negative as-
pect of this theme: that feelings of infe-
riority and inadequacy underlie many
neurotic disturbances.

James shrewdly observed: “A man...
with powers that have uniformly brought
him success with place and wealth and
friends and fame, is not likely to be
visited by the morbid diffidences and
doubts about himself which he had when
he was a boy, whereas he who has made
one blunder after another and still lies
in middle life among the failures at the
foot of the hill is liable to grow all sick-
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lied o’er with self-distrust, and to shrink
from trials with which his powers can
really cope.”

Ithough the importance of self-esteem

in influencing behavior is widely ap-
preciated, most of the ideas and evidence
on the subject remain rather vague and
intuitive. Clinicians are well aware in a
general way that many of the disturbed
patients who come to them for treatment

feel themselves to be incompetent and
socially rejected. It is universally recog-
nized that self-confidence and an opti-
mistic assessment of one’s abilities con-
tribute markedly to business success and
the formation of friendships. There is
also a popular belief, less firmly based,
that the development of self-esteem de-
pends on physical attractiveness, ability,
social status and material welfare.

Objective and scientifically organized
research is now beginning to produce a
body of tested information on the sub-
ject. Over the past eight years a group
of us, working with the support of the
National Institute of Mental Health first
at Wesleyan University and then at the
University of California at Davis, have
conducted a series of studies of self-
esteem, applying the techniques of mod-
ern clinical, laboratory and field investi-
gation. The social scientists involved in
these studies were Betty James Beards-
lee, David G. Lowy, Alice L. Cooper-
smith and myself. Our subjects were a
representative sample of normal boys
whom we followed from preadolescence
to early adulthood. Starting with thor-
ough examinations of their self-esteem
(as indicated by various criteria) and
their abilities, personality traits, atti-
tudes, behavior and family background,
we later observed how they fared in deal-
ing with school, job and social demands
as they grew up.



BEANBAG EXPERIMENT was designed to explore the relation tests) and the level of the goals he sets for himself. A higher score

between a subject’s level of self-esteem (as determined from other could be won by tossing the beanbag into a more distant target.

THE CHOICE of which target he would shoot for had to be made safe shot but one that would win him a low score or he could aspire
by the boy before he proceeded to aim and toss. He could try for a to achieving a high goal, although one with more risk attached to it.

THE SHOT followed the boy’s announcement of the target he had to what the ideal score would be but those with high self-esteem dis-
selected. All the boys who participated in the experiment agreed as played greater assurance that they could actually achieve the ideal.
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THREE GROUPS OF SUBJECTS, judged to be low, medium and
high in self-esteem, behaved differently in the presence of a social
group. The high-self-esteem subjects participated (color) the most,
whereas boys of the low-esteem group listened (gray) the most.

The subjects—middle-class, urban
boys aged 10 to 12—were normal in the
sense that they had no pathological per-
sonality disturbances and came from in-
tact families. Our first problem was to
obtain reliable measures of their levels
of self-esteem. Since one’s own evalua-
tion of his self-esteem may be far from
accurate, we resorted to two additional
indexes. One was the teachers’ report on
those aspects of each boy’s behavior—
such as relative self-assurance or timid-
ity and reactions to failures and criticism
—that presumably reflected the boy’s lev-
el of self-esteem. For the other index we
employed psychological tests (the Ror-
schach and the thematic apperception
test) that indicate a person’s unconscious
self-evaluation. We found that in more
than 80 percent of the cases the ratings
by these indexes were substantially in
accord with the boy’s own estimate of his
self-esteem.

After determining the individual boys’
levels of self-esteem and rating them ac-
cording to three categories—high, medi-
um or low in self-esteem—our investiga-
tions proceeded along three lines. These
were (1) laboratory tests of the subjects’
memory, perception, level of aspiration,
conformity and responses to stress; (2)
clinical tests and interviews designed to
show their levels of ability, personality
traits, attitudes, insights and styles of re-
sponse; (3) studies, including interviews
with their parents, that looked into fac-
tors of upbringing or experience that
might be related to each boy’s self-es-
teem.

From these items of information we
were able to draw a fairly detailed
picture of the formative influences and
personal characteristics associated with
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each level of self-esteem. I shall describe
them at the three levels, but since we
were primarily concerned with identify-
ing the constructive aspects of psycho-
logical health our main interest was in
the high-self-esteem group, and the fol-
lowing descriptions are largely in terms
of comparison with that group.

\x,‘?e found, not very surprisingly, that
youngsters with a high degree of
self-esteem are active, expressive indi-
viduals who tend to be successful both
academically and socially. They lead
rather than merely listen in discussions,
are eager to express opinions, do not
sidestep disagreement, are not particu-
larly sensitive to criticism, are highly in-
terested in public affairs, showed little
destructiveness in early childhood and
are little troubled by feelings of anxiety
[sce illustrations above and on page
102]. They appear to trust their own per-
ceptions and reactions and have confi-
dence that their efforts will meet with
success. They approach other persons
with the expectation that they will be
well received. Their general optimism
stems not from fantasies but rather from
a well-founded assessment of their abili-
ties, social skills and personal qualities.
They are not self-conscious or preoccu-
pied with personal difficulties. They are
much less frequently afflicted with psy-
chosomatic troubles—such as insomnia,
fatigue, headaches, intestinal upset—
than are persons of low self-esteem. (This
immunity of people with high self-es-
teem has also been observed in adults by
Morris Rosenberg of the National Insti-
tute of Mental Health, who reported on
a hospital study of normal patients.)
The boys in our group who were char-
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LEVEL OF SELF-ESTEEM

HIGH

AVOIDANCE OF DISAGREEMENT during a discussion was dis-
played oftener by boys of the medium- and low-esteem groups. In
contrast to the high-level group, they tended to withdraw from argu-
ment (gray) rather than express an independent opinion (color).

acterized by a medium level of self-es-
teem were similar to high-esteem sub-
jects in most qualities of behavior and
attitudes. They tended, for example, to
be optimistic, expressive and able to take
criticism. In certain respects, however,
they were distinctly different from both
the high-esteem and the low-esteem sub-
jects. They showed the strongest tend-
ency to support of the middle-class value
system and compliance with its norms
and demands. They were also the most
uncertain in their self-ratings of their
personal worth and tended to be partic-
ularly dependent on social acceptance.
The dependent attitude of the medium-
self-esteem subjects and their behav-
ior gave evidence that uncertainty about
one’s worth should not be confused with
low self-esteem; the consequences are
markedly different. Whereas persons
with low self-esteem, convinced of their
inferiority, are fearful of social encoun-
ters, persons who are unsure of their
worth tend to be active in seeking social
approval and experiences that will lead
to enhancement of their self-evaluation.

In contrast, the boys with low self-
esteem presented a picture of discour-
agement and depression. They felt iso-
lated, unlovable, incapable of expressing
or defending themselves and too weak to
confront or overcome their deficiencies.
They were fearful of angering others and
shrank from exposing themselves to no-
tice in any way. In the presence of a so-
cial group, at school or elsewhere, they
remained in the shadows, listening rath-
er than participating, sensitive to criti-
cism, self-conscious, preoccupied with
inner problems. This dwelling on their
own difficulties not only intensified their
feelings of malaise but also isolated them



from opportunities for the friendly rela-
tionships such persons need for support.

By examining our subjects’ styles of
expression, in drawings and other crea-
tive products, we obtained further in-
sight into the eftects of the various lev-
els of self-esteem. The boys with high
self-esteem were consistently freer and
more original in creativity than those
with lower levels of self-confidence [see
illustration on next page]. Their draw-
ings were characterized by activity, hu-
mor and sensitivity to details of costume,
attitude and behavior. The drawings by
boys of medium self-esteem were more
restrained and static; for example, their
pictures of the bearded figure (apparent-
ly a popular contemporary subject for
youngsters) were less vigorous and less
complex than those of the high-self-
esteem group. The boys with low self-
esteem clearly showed their lack of confi-
dence by drawing small, constrained and
distorted figures. In general the figures
drawn by the three categories of subjects
revealed distinct differences in their per-
ceptions of themselves and other people.

() ur exploration of the factors that lead
to the development of high self-es-
teem produced a number of surprises, or
at least contradictions of popular cli-
chés. Let me first list the factors we
found to have little or nothing to do with
self-esteem in our sample of subjects.
We found no consistent relation between
self-esteem and physical attractiveness,
height, the size of the boy’s family, early
trauma, breast- or bottle-feeding in in-
fancy or the mother’s principal occupa-
tion (that is, whether she spent her time
at home as a housewife or went out to
work). Even more surprising, our sub-
jects’ self-esteem depended only weak-
ly, if at all, on family social position or
income level. Studies by other investiga-
tors confirm that what we observed in
our boys is also true of adults: the pro-
portion of individuals with high self-
esteem is almost as high in low social
classes as it is in the higher classes. Our
subjects tended to gauge their individ-
ual worth primarily by their achieve-
ments and treatment in their own inter-
personal environment rather than by
more general and abstract norms of suc-
cess. It appears that we should reexam-
ine the common definition of success:
probably most persons define success for
themselves not in terms of some external,
abstract standard but in the more direct
terms of their day-to-day personal rela-
tionships.
Looking into the backgrounds of the
boys who possess high self-esteem, we
were struck first and foremost by the

close relationships that existed between
these boys and their parents. The par-
ents’ love was not necessarily expressed
in overt shows of affection or the amount
of time they spent with their children;
it was manifested by interest in the boys’
welfare, concern about their compan-
ions, availability for discussion of the
boys’ problems and participation in con-
genial joint activities. The mother knew
all or most of her son’s friends, and the
mother and father gave many other signs
that they regarded the boy as a signifi-
cant person who was inherently worthy
of their deep interest. Basking in this ap-
praisal, the boy came to regard himself
in a similar, favorable light.

A second and more surprising finding
was that the parents of the high-self-
esteem children proved to be less per-
missive than those of children with low-
er self-esteem [sce lower illustration on
page 106]. They demanded high stan-
dards of behavior and were strict and
consistent in enforcement of the rules.
Yet their discipline was by no means
harsh; indeed, these parents were less
punitive than the parents of the boys
whom we found-to be lacking in self-
esteem. They used rewards rather than
corporal punishment or withdrawal of
love as disciplinary techniques, and their
sons praised their fairness. We found
that the parents of the low-self-esteem

PROJECTOR was employed in tests timing a boy’s recognition of words shown one by one.
The words used were either neutral; threatening, such as “monster” (top), or pleasant,
such as “ice cream” (bottom). To signify recognition the boy spoke into the microphone;
his reaction was also recorded by the two electrodes. Boys whose self-appraisal was posi-
tive recognized threatening words quicker than boys whose self-appraisal was negative.
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BOYS’ DRAWINGS were made following instructions to “Draw a
person and complete the drawing in 10 minutes.” The first two fig-
ures are from the collection of drawings by boys judged to be low
in self-esteem («, b). The figures made by this group were con-

boys, on the other hand, tended to be
extremely permissive but inflicted harsh
punishment when the children gave
them trouble. These boys considered
their parents unfair, and they took the
absence of definitely stated rules and
limits for their behavior as a sign of lack
of parental interest in them.

The family life of the high-self-esteem
boys was marked not only by the ex-
istence of a well-defined constitution for
behavior but also by a democratic spirit.
The parents established the principles
and defined the powers, privileges and
responsibilities of the members, but they
presided as benevolent despots: they
were respectful toward dissent, open to
persuasion and generally willing to al-
low the children a voice in the making of
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family plans. It seems safe to conclude
that all these factors—deep interest in the
children, the guidance provided by well-
defined rules of expected behavior, non-
punitive treatment and respect for the
children’s views—contributed greatly to
the development of the boys’ high self-

esteem.

Does the level of one’s aspirations, or

goals, play a part in one’s achieve-
ment of self-esteem? This is a complex
question. It might be supposed from ab-
stract theory that anyone can attain suc-
cess and consequent high self-esteem
simply by setting his goals at a low
enough level. Our findings, however,
tend to refute that idea. We found that
low aspirations do not promote self-
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strained and distorted. Next are shown two drawings executed by
subjects in the medium-self-esteem group (c, d). More originality,
complexity and humor were displayed in the drawings made by boys
with high self-esteem (e, f). Many of the men drawn had beards.

esteem; on the contrary, they proved to
be characteristic of boys who failed to
develop high self-esteem. The boys with
high self-esteem had significantly higher
goals than those with only medium or
low self-esteem did. In tests designed to
indicate the level of goals they set for
themselves the high-esteem boys had a
mean score of 86.3; the medium-esteem
group, 76.7; the low-esteem group, only
70.1. These tests measured the boys” ac-
tual hopes or expectations rather than a
theoretical ideal. For example, one test
involved skills at various levels of diffi-
culty in tossing a beanbag. Boys at all
levels of self-esteem agreed on the ideal
skill they would have liked to strive for,
but when they were asked which skill
they expected to succeed in, the boys of



How To Use Your Losses Efficiently

If that statement reads like an offer of ‘something for nothing’,
we apologize! Yet one of our recent cryogenic developments
will allow users of super-cooled equipment to put the pressure
potential normally wasted in the Joule-Thomson refrigeration
cycle to very good use.

Dr. Rietdijk, a worker on cryogenic problems in the Philips
Research Laboratories at Eindhoven (Netherlands), found a
simple way to obtain a significant increase in cooling system
efficiency, by using part of the kinetic energy whichis wasted in
the conventional Joule-Thomson valve. His findings promise a
reduction in the compressor size required to reach a given
temperature with practical liquid-helium super-cooling
systems; alternatively, users will be able to produce lower
temperatures without increasing compressor size.

In the conventional Joule-Thomson cycle, an expansion valve
(see the diagram above) is used to expand compressed gas,
which has already been cooled to below its ‘inversion tempe-
rature’ and passed through a heat exchanger. (Inversion
temperature is the temperature below which isenthalpic gas
expansion, produced by aperture ‘throttling’, causes a further
temperature decrement). This classic system is ‘irreversible’:
a great deal of pressure potential is wasted.

Since suction pressure Py inthe diagram must always be equal
to, or lower than, vapour pressure Py of the liquid in the
evaporator, it is clear from the graph
that, with a pressure loss Py_Ps of, say, 14

0.1 kg./cm? the required compressor
size and power will increase very rapidly 12
with successive temperature decrements
below 3.5 degrees Kelvin. 10
Rietdijk replaced the classic Joule-
Thomson expansion valve with a new 8
device, which he called an ‘expansion-
ejector’ (see photograph). In ope- 6

ration, the nozzle of the ejector con-
verts most of the high pressure P, of
the main flow M, into kinetic energy
of a high wvelocity jet. The kinetic
energy obtained is then used to com-
press a second mass flow M, from a

low pressure level P; up to a higher level P,, which is about
the same as compressor suction pressure. This takes place in
the ejector mixing zone and diffuser.

Referring to the diagram, the flow is then split again between
M, and M, in Cj. Flow M, passes from Cj through the heat
exchanger HE to be expanded in the valve EV. The resulting
liquid is collected in the evaporator Ci1 where it can be
evaporated (refrigeration) or removed from the cycle (lique-
faction). Low temperature vapour P;, T; then flows via HE
to the ejector’s suction side, where it is again compressed to P,.
So, the expansion-ejector behaves as a J-T valve between P,
and P,, and as a compressor between P; and P,. Cold is there-
fore delivered at a temperature T; which is much lower than
the temperature corresponding to compressor suction pres-
sure (i.e. T,).

Using the expansion-ejector, Py can be considerably increased
for a given temperature value T;, and therefore compressor
size can be reduced. Naturally, the compressor power con-
sumption goes down as well. For example, experimental
results with a helium liquefaction system, using Stirling
machines for pre-cooling, show that, given an expansion-ejector
efficiency of 309, refrigeration can be carried out at 3.5 °K.
with an efficiency significantly greater
than that of the conventional system.
This story is unusual, in that it shows
the successful combination of two well-
known principles - the Joule-Thomson
effect, known since 1852, and the gas ejec-
tor-to produce valuable results with a rela-
tively simple device. Rietdijk, although
workingin cryogenics, happens tobe anae-
rodynamicist; he brought his knowledge of
flow and pressure problems to bear on the
apparently unrelated problems of the
Joule-Thomson cycle. The results of this
unconventional approach may be applied,
not only with helium, but also with other
gases in cryogenics.

20 25 30

36 T(°K) 4.2

In the Research Laboratories of the Philips group of companies, scientists work together in many fields of science. Among these are: Acous-
tics, Cryogenics, Information Processing, Mechanics, Nuclear Physics, Perception, Solid State, Telecommunications, and Television.

Our research is an essential tool for maintaining the pHipPs
standards implied in the slogan:

trust in PHILIPS is world-wide
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high self-esteem chose higher levels of
skill than the others. Similarly, the sub-
jects generally agreed on a list of desir-
able occupations they would like to
enter, but the boys of high self-esteem
expressed higher ambitions than the oth-
ers as to the occupations they actually
expected to enter.

Not only did the subjects with high
self-esteem have higher goals; they were
also more successful in achieving their
goals. Those lacking in self-esteem ran
behind in performance as well as in am-
bition; they tended to fall shorter of
attaining their lower goals.

The high expectations of the boys with
high self-esteem clearly reflected the in-
fluence of their parents. The parents of
these boys specifically indicated that
they placed greater value on the achieve-
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MEDIUM

ment of standards of excellence by their
children than on adjustment or accom-
modation to other persons. They set up
definite standards of performance that
enabled the child to know whether or
not he had succeeded in a task, how far
he had fallen short when he failed, and
what efforts would be required in order
to achieve success. That is to say, they
presented the child with challenges to
his capacities and thus led him to learn
and appreciate the reach of his strengths.

’ls high self-esteem likely to result from

outstanding competence or virtue in
a particular field, such as athletic prow-
ess or uncompromising honesty? Here
again a careful examination of the facts
raises questions about the common be-
lief. Theoretically it can be supposed
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SENSITIVITY TO CRITICISM was high (gray) when self-evalua-
tion was low. Except in the low-self-esteem group, most subjects
were moderately or slightly sensitive to criticism (color). The find-
ings are based on interviews during which the boys explained why
they had or had not participated in the earlier group discussions.
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CHILDHOOD DESTRUCTIVENESS was considerable
when self-esteem was low and little (color) when it was high. The
ratings are based on mothers’ reports of the boys’ early behavior.
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that the especially talented individual,
placing a high value on the behavior at
which he excels and deprecating those
behaviors in which he is inferior, might
develop a high degree of general self-
confidence. In practice, however, one is
subject to many social influences that
affect self-evaluation. The home, the
school, friends and other associations
generally lead one to accept group norms
and values. It is well known, for ex-
ample, that children who do poorly in
school nevertheless place as high a value
on intelligence and good grades as able
students do. Consequently, although an
athlete or other person with special ca-
pacities obtains considerable gratifica-
tion from his achievements, he is unlikely
to accept this special competence alone
as the principal basis for evaluating his

MEDIUM HIGH

LEVEL OF SELF-ESTEEM

CONCERN WITH PUBLIC AFFAIRS (color) was evinced by
boys with a higher level of self-esteem, in contrast to the other sub-
jects, about half of whom expressed indifference (gray). During in-
terviews a number of the boys who had been found lacking in self-
regard expressed a wish to avoid involvement with other people.

MEDIUM
LEVEL OF SELF-ESTEEM

HIGH

LEVEL OF ANXIETY in the three groups of subjects was rated on
the basis of the frequency of feelings of distress reported by the
subjects and of psychosomatic symptoms reported by their mothers.



A MESSAGE FROM THE OCEANOGRAPHY CAPITAL OF THE WORLD...

ESSA chose Florida...
center of research in wet space

With the announcement of the plans
for a multi-million dollar oceanographic
research center at Virginia Key,

Miami, Florida truly becomes the
world center of Wet Space Research.

No other choice could have been
more logical. Here, too, is the
headquarters of the 40,000 member
International Oceanographic
Foundation; the Tropical Atlantic
Biological Laboratory; nearby

is the University of Miami’s Institute
of Marine Science.

Contemplated is a million dollar
teaching museum at Virginia Key
and a laboratory-type “city’” beneath
the surface of the sea.

If your concern is with oceanography,
this is where you belong. ..
in Florida...in the center of things!
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FLORIDA DEVELOPMENT COMMISSION
INDUSTRIAL DIVISION

107 WEST GAINES STREET

TALLAHASSEE, FLORIDA 32304
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This petroleum food farm could help
stave off the one threat greater than
nuclear war: starvation.

(The steels are ready whenever you are)

An unconventional source of high-
grade protein is now being evaluated
on experimental “farms.” An edible
protein yeast is being grown on
petroleum as a by-product.

These petroleum proteins contain
the same natural proteins found in
beef, poultry, fish, and plants.
Already, animal feed containing
petroleum protein concentrate is
being successfully used. The flavor-
less concentrate, after extensive test-
ing, could eventually be incorporated
into tasty, commercial foods. The
world’s supply of protein could easily
be doubled.

In addition to this unconventional
method of protein production, large-

scale, mechanized food production
must be greatly stepped up—plus the
harvesting of increased quantities of
food from the occan depths.
Protein poverty in undernourished
countries is already causing hunger
riots. By the year 2000, world popu-
lation will be doubled — and the pro-
tein problem will be worldwide.
Republic is obligated; in this inter-
national emergency, to anticipate
customers’ steel needs far in advance
of demand. The steels needed will be
ready when required — pipe and
tubular products for exploratory drill-
ing, recovery, and transporting of
petroleum and petroleum by-products
... tougher bar and shcet steels for
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farm equipment. .. pressure-resistant
plate and corrosion-resistant stainless
for underseastructuresand equipment.

To do this, Republic is investing
hundreds of millions of dollars in new
and improved steelmaking facilities.

At this moment, the long reach of
steel from Republic is probing into
areas wherever man’s welfare nceds
it —from farms to the fathomless
ocean depths, from the heartbeat of
man to the drumbeat of defense.
Republic Steel Corporation, Cleve-
land, Ohio 44101.

You Can Take the Pulse of Progress at

REPUBLIC STEEL

CLEVELAND, OHIO 44101
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Weighs only 8 oz.

THE CURTA IS A PRECISION
CALCULATING MACHINE FOR
ALL ARITHMETICAL OPERATIONS

Curta adds, subtracts, multiplies, divides,
square and cube roots continuous multi-
plication, negative mult|p||cat|on standard
deviations and all statistical calculations,
squares and higher powers, co-ordinates and
associated land survey formulae, and every
other computation arising in science and
commerce . . . Available on a trial basis.
Price $125.00. Write for literature.

CURT.

DEPT. SA-2 P. 0. BOX 3414
VAN NUYS, CALIFORNIA

COMPANY

A NEW DIMINIION IN FDUCATIOMAL GAMES

GAMES for THINKERS

Can you solve
this problem?

1. There are three numbered statementsiin this box::,

2.Two of these numbered statements:iare not true. *"

3.The average increase in 1:Q. scores of those who
learn to play WFF 'N PROOF is more than 20 points

Is statement No. 3 true?

These unique kits have been specially de-
signed by university professors for those
who enjoy brain-to-brain combat.

ST wy,.... o0t I

Box 71-SH New Haven,

Conn.

Enclosed is $ . Please send me:

—_WFF 'N PROOF $6.5!
The Game of Modern Lngnc
—_EQUATIONS: 3.50
The Game of Creative
Mathematics

N-SETS: $4.5
The Game of Set Theory
—__CONFIGURATIONS: $4.50.
Number Puzzles and Patterns
____PROPAGANDA: Game 5.5
___REAL-Numbers Game 1.75_
—__WFF: Begmners Logic  $1.50
—_TAC-TICKL $1.

Total $.

(Prices include postage and handling)
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CHILD REARING ATTITUDES of the subjects’ mothers were revealed through interview
and questionnaire. Mothers of the high-self-esteem boys displayed the most interest in and
concern for the child. For example, they knew all or most of his friends (left). They also
appeared to be more careful and consistent in enforcing limits on his behavior (right).
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LESS PERMISSIVENESS but more respect for the child’s rights were shown by mothers of
boys with high self-esteem. Strict in enforcing rules, they used rewards rather than corporal
punishment or withdrawal of love as disciplinary measures (left). Most mothers of boys
in this group agreed that children should have a say in the making of family plans (right).

worth as a person. He may, indeed, tend
to dwell on his deficiencies and be low in
overall self-esteem.

The findings from these studies con-
cerning the factors that contribute to
the formation of high self-esteem sug-
gest important implications for parents,
educators and therapists. They indicate
that children develop self-trust, ven-
turesomeness and the ability to deal with
adversity if they are treated with re-
spect and are provided with well-defined
standards of values, demands for com-
petence and guidance toward solutions
of problems. It appears that the develop-
ment of independence and self-reliance
is fostered by a well-structured, de-
manding environment rather than by
largely unlimited permissiveness and
freedom to explore in an unfocused way.
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From our studies of a sample of pre-
adolescent boys in a typical American
environment we have become convinced
that learning at an early age to respond
constructively to challenges and trouble-
some conditions is essential to becoming
a self-respecting individual.

We are now studying other selected
groups for further light on this process.
Among the questions inviting further ex-
ploration are the nature of the rules and
limits on behavior that can contribute
most effectively to building youngsters’
self-esteem and the appropriate ages for
presenting particular demands and chal-
lenges to them. We are also exploring
the therapeutic problem of finding ways
to raise the self-esteem of persons who
have already developed a low self-evalu-
ation.
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Now available as a book: A comprehensive, up-to-date review of @ Contains all of the text and many of the
the modern science of materials in two illustrations from the September 1967
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The Migration of Polar Bears

These large carnivores travel widely in pursuit of their

preyv. Evactly how widely is unknoswn, but steps are being

taken to find out with the help of artificial satellites

by Vagn Flyger and Marjorie R. Townsend

he polar bear, the largest non-
aquatic carnivore, has to roam

widely over its Arctic habitat in
quest of its principal food, which is seal
meat. Few human investigators are in-
clined to spend much time following
polar bears in such a forbidding environ-
ment. Even if they were, their presence
in an otherwise virtually barren land-
scape would be likely to disturb the
bears and alter their normal pattern of
behavior.

As a result remarkably little is known
about these lumberingly graceful ani-
mals. Eskimos have provided some in-
formation, which is partly fact and part-
ly folklore. Scattered accounts have
come from hunters and members of Arc-
tic expeditions. By tracking and other
means it has been ascertained that an in-
dividual bear may move hundreds of
miles, but this kind of information re-
veals little about the activities of the ani-
mal during the journey.

Now, however, a technique is at hand
that promises to fill some of the gaps in
our knowledge of what kind of life the
polar bearleads. The technique involves
following a number of bears over an ex-
tended period by means of an artificial
satellite in a polar orbit. If present plans
are realized, a program of tracking po-
lar bears will be incorporated in one of
the Nimbus satellites to be launched by
the National Aeronautics and Space Ad-
ministration within the next two years.

The information that the satellites can
be expected to yield will be of both sci-
entific and economic value. Polar bears,
which apparently have evolved from the
brown bears of the Temperate Zone for-
ests, represent a remarkable instance of
adaptation to a singular environment.
They also represent a significant element
in the subsistence economy of Arctic
regions, not only as a source of meat and
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skins for Eskimos but also as an attrac-
tion to hunters, who pay substantial
amounts of money for guide fees and air
travel in pursuit of the bear. The U.S.
Department of the Interior has estimated
that “each polar bear harvested in Alaska
at the present time contributes at least
$1,500 to the economy of the state in one
way or another,” so that the harvest of
about 300 bears in Alaska in 1965 meant
an income of about $450,000, much of
which was “expended in relatively small
Arctic villages.”

A harvested polar bear is of course a
dead one. No one knows with certainty
how many of the bears are killed by
hunters from various nations, but in the
light of increasingly efficient techniques
for hunting bears there is concern about
the survival of the species. The hunting
techniques include the use of small, ski-
equipped airplanes that fly out over the
ice in pairs. In Norway hunters can
charter a yacht and travel along the
edge of the ice pack near the Svalbard
Islands shooting bears from the deck of
the ship. As a result of pressures of this
kind the International Union for the
Conservation of Nature and Natural Re-
sources has put polar bears on its list of
animals in danger of extinction.

For both economic and scientific rea-
sons, therefore, it is important to estab-
lish the trend of population among po-
lar bears. Present estimates of the bear
population range from 5,000 to 20,000
(another indication of the state of knowl-
edge about the bears). Satellites will not
count bears, but by providing accurate
data about their migratory habits they
will make counts more meaningful.

A vivid description of the environ-

ment to which polar bears have
adapted was provided in 1856 by one
of the early Arctic explorers, Elisha
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Kent Kane of the U.S. He wrote of a
scene during the long polar night: “In-
tense moonlight, glittering on every crag
and spire, tracing the outline of the
background with contrasted brightness,
and printing its fantastic profiles on the
snowfields. It is a landscape such as Mil-
ton or Dante migllt imagine—inorganic,
desolate, mysterious. I have come down
from deck with the feelings of a man
who has looked upon a world unfinished
by the hand of its creator.”

Polar bears are abroad in this formid-
able environment during the entire year
—even in the dead of winter, when the
temperature can drop as low as 65 de-
grees below zero Fahrenheit. Unlike
other mammals, the polar bear appears
to have no home territory. The apparent
reason is that the bear does not find its
food in one place for very long.

The bears do occasionally seek shel-
ter. Females in particular excavate dens
in the snow to give birth and rear their
young. A female and her cubs (usually
two) will stay in the den for as long as
five months. The cubs survive by nurs-
ing, and the female lives off her reserve
of fat.

Emerging from the den in March or
April, the mother leads her cubs down
to the sea ice. During the journey the
cubs play constantly, tumbling, wrestling
with one another and sliding on the ice.
C. R. Harington of the National Mu-
seum of Canada has described what he
has seen such a group do after it reaches
the sea ice:

“If we watch the group closely for a
few hours during early April, we will ob-
serve the mother prowling, head down,
along the drifted leeward margin of
some hummocky ice. Catching the scent
of a snow-covered seal den, she crouches
motionless before it—the cubs behind
following her example. With lightning-
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IMMOBILIZED POLAR BEAR is marked by one of the authors The bear was on the Arctic ice cap north of Point Barrow, Alaska.

(Flyger) with a long-lasting dye. The dye helps in the identifica- Flyger and his colleagues immobilized the animal by shooting it
tion of the bear when the animal is seen in subsequent months and with a syringe filled with succinylcholine chloride, a drug that acts
so provides an indication of the extent of the animal’s migration. quickly on the voluntary muscles and wears off in about 30 minutes.
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RECOVERY OF BEAR shown in the top illustration on this page had taken effect. The bear was marked not only with the dye but
took place approximately 30 minutes after the immobilizing drug also with a tag on its left ear. Drug appears to leave no aftereffects.
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like blows of her paws she shatters the
hard upper layer of snow, rises on her
hind legs and drives both forelegs down
with the entire weight of her body. The
den collapses and the breathing hole is
stopped with snow. She scoops out the
young ‘whitecoat” seal within—almost si-
multaneously dispatching it.”

Except when a mother is traveling
with her young and during the mating
season, the polar bear is a solitary ani-
mal, seldom seen in the company of
other bears unless a large supply of food

is available. In such a case a number of
bears may appear; once as many as 42
were counted in the vicinity of a dead
whale. Bears that are really hungry—and
it is sometimes a long while between
meals—have been known to kill and eat
other bears, which is perhaps one reason
the bears tend to avoid one another’s
company.

A mature male polar bear is likely to
be from eight to nine feet long and to
weigh between 800 and 1,000 pounds.
Bigger bears have been reported, not

always reliably. A mature female will
be perhaps six feet long and will weigh
about 700 pounds. The normal color of
a mature bear is a creamy or yellowish
white; in some kinds of light the bear
looks more yellow than white.

The normal gait of a polar bear is a
somewhat ponderous shuffle that covers
ground much more rapidly than one
might expect. When pressed, a bear will
break into a lope or a gallop; at top
speed the animal can travel over rough
ice at a speed estimated as 20 to 25 miles

NORTH e POLE

HABITAT OF POLAR BEARS is the large ice cap surrounding
the Arctic pole. The map shows the extent of the winter ice pack
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and, with a colored line, the normal limits of the summer ice. The
broken line shows the approximate maximum range of polar bears.



an hour. The bear also spends a con-
siderable amount of time swimming, par-
ticularly in summer when the ice is
broken over wide areas. A bear moving
from ice into water seems hardly to
break its stride, entering the water with
a great belly flop and moving off rapidly
with a strong swimming stroke. It be-
came known only recently, through un-
derwater photographs made under the
supervision of Martin W. Schein of Penn-
sylvania State University, that a swim-
ming bear normally uses only its front
legs for propulsion; the hind legs appear
to serve as rudders [see illustration on
page 113].

Such is the kind of information about

polar bears that has been accumu-
lated through occasional (and seldom
very lengthy) observations. If, as is now
proposed, some bears are to be followed
more systematically by satellite, the first
task to be mastered is equipping bears
so that the satellite can communicate
with them. The task requires immobiliz-
ing a bear long enough so that a unit for
receiving and transmitting radio signals
can be fastened to its neck. This must be
done in such a way that the bear recov-
ers quickly and is able to continue its
normal activities while it is being fol-
lowed by the satellite.

One of us (Flyger) has been experi-
menting with techniques for immobiliz-
ing polar bears with drugs. The drug is
injected by means of a syringe that is
shot from close range. When the syringe
strikes the bear, the inertia of the projec-
tile activates a firing mechanism that
injects the drug into the animal [see il-
lustration on this page]. The work pre-
sents several problems, not the least of
which are the hostility of the environ-
ment and the potential hostility of the
bear.

The kind of drug used to immobilize
a bear must have several characteristics
besides those of taking effect rapidly and
wearing off within a matter of hours.
First, there must be a wide margin of
safety between the effective dose and the
lethal dose. Second, the drug must be so
potent that it can be contained in no
more than 10 milliliters of fluid; 10 milli-
liters is the capacity of the largest pro-
jectile syringe. Third, the drug must
produce no serious aftereffects. Fourth,
the drug should be one for which an anti-
dote can be given if necessary.

Few drugs have these characteristics.
The ones most commonly used for im-
mobilizing various animals have been
nicotine alkaloid, succinylcholine chlo-
ride, phencyclidine and the synthetic
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EXPLOSIVE SYRINGE is used to immobilize bears. At top the syringe appears as it looks
before it is fired from a special rifle. At bottom the syringe has struck a bear. The result-
ing inertia drives the firing pin forward into the charge, which explodes and forces the
drug into the bear. The amount of drug that is used depends on the size of the bear, so that
an appropriately loaded syringe cannot be put into a rifle until a bear has been spotted.

opiate M. 99. Nicotine alkaloid acts on
nerve ganglia and causes immobiliza-
tion lasting from 10 minutes to an hour.
During that time the animal is complete-
ly anesthetized.

Succinylcholine chloride causes immo-
bilization by depolarizing voluntary
muscles so that they are unable to func-
tion. The animal is immobile for be-
tween five and 30 minutes but retains
such faculties as hearing, sight and smell.
Phencyclidine affects the ganglia and the
central nervous system, immobilizing an
animal for periods of one to 12 hours.
M. 99 takes effect slowly, sometimes re-
quiring 20 minutes to immobilize an ani-
mal, but then the animal is completely
anesthetized and immobile for as long
as eight hours.

[n March, 1966, Schein and one of us
L (Flyger) went to Point Barrow, Alas-
ka, to develop methods of capturing and
marking polar bears. The Arctic Re-
search Laboratory of the University of
Alaska put its facilities, including two
aircraft, at our disposal, and on days
when the weather permitted we flew
over the polar ice cap searching for
bears. One plane flew at an altitude of
100 feet, looking for polar-bear tracks.
We were in the other plane, flying at an
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altitude of 500 feet and slightly behind
the lower plane so that it could maneu-
ver freely.

When we found tracks, we followed
them to the bear. Our plane then flew
on ahead in the direction of the bear’s
travel while the pilot of the other plane
attempted to judge the size of the bear
and notified us of it by radio so that we
could load the appropriate charge into
the syringe. Our plane landed about two
miles beyond the bear. We got out and
walked to a ridge of ice while our plane
took off again and joined the other plane
in herding the bear toward us. When the
animal was within range, we shot it in
the hip or shoulder with the syringe.

The next minute or so always gave us
some concern. Our syringe guns, which
we had expected to have a range of
about 70 yards, actually had a maximum
range of about 40 yards, apparently be-
cause the intense cold had congealed the
lubricant in the gun barrel. We had
several narrow escapes from charging
bears. Although both of us carried rifles,
the man who had fired the syringe gun
had very little time to unlimber his rifle
against the charging bear, and the other
man often could not shoot without en-
dangering his companion.

We were using succinylcholine chlo-

N



ride, and the results were disappoint-
ing. Some bears were unaffected. Others
died, apparently from a combination of,
factors. One factor was that it is difficult
to estimate the size of a bear in the ab-
sence of reference points on the ice, so
that we often had an overcharge of the
drug. Another factor was that the bears,
having been chased for some distance,
were rather out of breath when we shot
them. As a result the drug seemed to
have an exaggerated effect on their res-
piratory muscles, causing death from
suffocation.

The difficulties we encountered both
in hunting the bears and in immobiliz-
ing them led us to the conclusion that
the ideal platform from which to shoot
the syringe would be a helicopter. A
helicopter could hover over a bear long
enough for the hunters to make an ac-
curate estimate of the bear’s size, so
that they could load the syringe with the
proper dose. Helicopters would make it
unnecessary to drive the bears, with the
result that they would not become wind-
ed. The helicopter would also have the
obvious advantage of keeping the men
out of the bear’s reach until the animal
SWIMMING ABILITY of polar bears is exhibited by a bear diving from an ice floe as a  was immobilized.
research vessel draws near in Diskobukta Bay of the Svalbard Islands of Norway. The ves-
sel was used as a base for temporarily immobilizing bears with drugs and marking them. Oul. experience in Alaska was by no

means a total failure. We did manage
to capture, mark and release some bears.
We learned that the bears can be suc-
cessfully marked with ear tags and long-
lasting dyes. We also established that a
collar can be attached firmly to a polar
bear, which is a prerequisite to equip-
ping the animal with a radio transmitter.
The point had been in doubt because of
the bear’s tapering neck, which might
have meant that the bear could slip out
of a collar in a short time.

Later in 1966 one of us (Flyger) ac-
companied Albert W. Erickson of the
University of Minnesota and Thor Lar-
sen of the University of Oslo on an ex-
pedition to capture bears in the Svalbard
Islands. This time we operated under
summer conditions, working from a ship
in the pack ice. With the drug M. 99 we
immobilized, marked, measured and re-
leased four bears. The drug did leave the
bears sleepy for a long time, but that is
not a serious handicap for the animal in
the summer.

In various expeditions by various in-
vestigators, about 100 bears have thus
been captured, marked and released.
The work seems to establish that it will
be feasible to put a radio transmitter
on a bear. Indeed, it has already been
YOUNG BEAR is almost immobilized after being injected with a drug from the syringe ~done with grizzly bears and other Tem-
visible in the bear’s left flank. The rope is to keep the bear from drowning while drugged.  perate Zone animals, which have then
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SWIMMING MOTION of a polar bear normally involves only the photographer was in a cage that was lowered over the side of a

front legs, as seen in this series of photographs from a motion- ship. The rear legs of a swimming bear apparently function as rud-
picture film made underwater in the Svalbard Islands region. The ders. In these photographs only the bear’s head is above water.
|13
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LOCATION OF A BEAR by means of a satellite involves an ex-
change of radio signals between the satellite and the bear. The
position of the satellite is known and the distance between the sat-
ellite and the bear is established by the time required for the
exchange of radio signals. Thus two sides of a right triangle are
known and the third side, which forms the radius of an imaginary
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circle, can be calculated (1). The bear is on the circumference of

the circle. Another exchange of signals a few minutes later estab-
lishes another circle. Bear is at one of the two intersections of the
circles. Since one knows where it was when caught (star) or last
reached by the satellite (dots), the proper intersection can be iden-
tified. The bear can thus be followed for many days (2-4).
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been followed by ground-based radio re-
ceivers [see illustration on next page].

No polar bear has actually been fitted
with a transmitter, however, because
some technological problems remain to
be overcome. Most electric batteries can-
not produce enough current to operate
a transmitter at the low temperatures
of the polar bear’s environment. More-
over, the equipment must be able to
withstand frequent immersion as the
bear goes in and out of the water. It
nonetheless seems probable that these
difficulties will be overcome before
long, so that polar bears can be equipped
to communicate with a satellite.

he Nimbus satellite, which will be

used primarily for oceanography and
meteorology, is being designed to orbit
the earth from pole to pole at an alti-
tude of about 600 miles. During a single
24-hour rotation of the earth the satellite
will pass over every point on the earth
twice—once as it moves from south to
north and again, 12 hours later, as it
moves from north to south and the
point has rotated to that side of the or-
bit. At the higher latitudes the satellite
will actually be within radio range of a DUMMY RADIO is fastened to a collar on an immobilized bear in Alaska. The dummy
matches size and weight of a radio that could be used for communication between a bear
and a satellite. Experiment helped to show that a collar will stay on a bear’s tapering neck.

given point on several sequential orbits.
As aresult the satellite could provide the
location of a polar bear every two hours
for half a day. For the other half the
bear would be out of communication.

The system being developed by
NASA to follow bears and other moving
objects is called the Interrogation, Re-
cording and Location System. In its ulti-
mate form it will enable the satellite to
interrogate some 32,000 “platforms”
(bears, ocean buoys, balloons and a vari-
ety of other units), accurately fixing their
position at least twice a day and record-
ing other data they transmit.

Let us consider the case of a single
polar bear that has been instrumented to
communicate with a satellite. At a speci-
fied time, when the satellite is expected
to be over the bear, the satellite broad-
casts a signal that will turn on the bear’s
transmitter if the animal is within the sig-
nal beam. Once the transmitter is on, it
returns a signal to the satellite. Because
the position of the satellite is known at
all times, and the distance between the
satellite and the bear can be computed
from the length of time it takes the radio
signals to travel between them, it is pos-
sible to calculate the position of the bear
by triangulation after two communica-
tions with the animal about three min-
utes apart. The location data and any  MATERNITY DEN of a polar bear was photographed at Southampton Island of Canada’s
other information the bear’s communica-  Northwest Territories by C. R. Harington of the National Museum of Canada. The bear that
tion system has been programmed to  excavated the den in snow used it to give birth and to rear her cubs during their first winter.
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TRACKING OF DEER and other animals has been accomplished by means of radio com-
munication between the animals and ground-based receivers, indicating the feasibility of
following polar bears with a satellite. The map, which is based on the work of John R.
Tester of the University of Minnesota and Keith L. Heezen of the Michigan Conservation
Department, shows the movements of a single deer in the Cedar Creek Natural History
Area of Minnesota from 10:14 A.M. on a January day to 9:38 A.m. the following day.

provide are stored in the satellite and
periodically sent by it to ground stations,
frem which they are transmitted to a
computer for processing.

Step by step the sequence proceeds as

follows. The set of interrogations that
the satellite will conduct on a given
orbit is worked out by the computer, and
a punched tape is prepared so that the
entire set can be transmitted to the sat-
ellite when it passes over its command
station. A command for a single interro-
gation has two parts: (1) the address, or
radio code, that has been assigned to the
platform (in this case a bear) and (2) the
exact orbital time at which the interro-
gation is to be conducted.

At the stipulated time the satellite
begins transmitting the address. If the
bear is within the range of the signal,
the radio unit on the bear receives the
signal, decodes it for comparison with
the address assigned to the bear and, if
the signal corresponds to the address,
verifies the platform’s identity to the
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satellite. The satellite then signals the
platform to begin transmitting whatever
data it is programmed to provide. In the
case of a bear the data would pre-
sumably be physiological. The entire ex-
change takes about three seconds.

The results of all the interrogations
are stored in the satellite. On completion
of an orbit the ground station commands
the satellite to transmit the data it has
stored. When the satellite has sent all the
data, it automatically signals the ground
station to that effect. The satellite is then
ready to accept a new set of interroga-
tions.

The data received at the ground sta-
tion are given some further processing
there and then transmitted to a central
data-processing unit at NASA’s Goddard
Space Flight Center in Maryland. There
the location of each platform is com-
puted and the information obtained
from the platform is distributed to the
people who want it. The Goddard com-

puter also generates the next set of in-,

terrogations for the satellite.
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So much for the interrogation and
recording functions of the Nimbus sys-
tem. The location function is predicated
on the fact that the location of the sat-
ellite is precisely known at all times.
Hence the distance from the satellite to
the point on the ground directly below
the satellite is known at any instant. That
distance represents one side of a right
triangle.

The hypotenuse of the triangle is the
line frcm the satellite to the platform.
Its length can be computed from the
time required for the special signal gen-
erated in the satellite to reach the plat-
form, be regenerated and return to the
satellite—traveling at the speed of light.
With the length of two sides of the right
triangle known, the length of the third
side can be calculated. The third side is
the hypothetical line on the ground from
the platform to the point directly below
the satellite. That line constitutes the
radius of a circle. The complete calcula-
tion establishes that the bear is some-
where on the circumference of the circle
[see illustration on page 114].

In order to establish exactly where the
animal is, another exchange of signals
between the satellite and the bear is re-
quired. It takes place about three min-
utes after the first exchange. By means
of the second exchange another imagi-
nary circle, with the bear on the circum-
ference, is described on the ground. The
two circles intersect at two places. The
bear is at one of these places. Since
one knows where the bear was during
the satellite’s previous orbit (or where the
animal was captured, in the case of the
first orbit in which its location was deter-
mined), it is not hard to decide which
intersection represents the location of
the bear; the two intersections are nor-
mally hundreds of miles apart. The pre-
cision of the technique is sufficient to
determine the location of the bear to
within about a mile.

It will be well within the capacity of a

satellite system to provide information
not only about the migration of polar
bears but also on such matters as their
respiration and heart action under var-
ious circumstances. With such data it
would be possible to relate the activity
of polar bears to weather conditions on
the polar ice cap and thus to come to a
better understanding of how an animal
can survive in the harsh conditions regu-
larly encountered by the polar bear. Per-
haps some of this information will be
useful to men who are obliged to adapt
themselves to living under Arctic condi-
tions.
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Thousands of newlyweds take us along.

The thousands, that is, who rent a
car from Avis. Because Avis is now a
subsidiary of ours.

We’'re no longer solely a manufac-
turer of electronic and telecommuni-
cation equipment. It's true that, in the
U.S., we were once pretty much a
manufacturing company—and not an
especially big one at that. Now we have
plants, facilities and offices in over 200
cities and towns in all 50 states.

Now we’re very much in the service
business, too, and offer car rentals
through Avis, financial service through
ITT Aetna Finance Company, mutual
funds through Hamilton Management
Corporation,and lifeinsurance through
ITT Hamilton Life Insurance Company.

Now you can have your car parked
by our Airport Parking Company of
America (APCOA) and your data proc-
essed by ITT Data Services. And we

serve education through Howard W.
Sams & Company, Inc.

There’s a good reason for this big
change in us. Judging from the growth
of service industries in the United
States (they account for over half the
labor force and national income), ser-
vice is something you want. Now we're
well equipped to give it.

International Telephone and Tele-
graph Corporation, New York, N.Y.
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MATHEMATICAL GAMES

Combinatorial problems involving

“tree” graphs and forests of trees

by Martin Gardner

! “connected graph” is a set of
points (vertices) joined by line
segments (edges) in such a way
that a path can be found from any point
to any other point. If there are no cir-
cuits, or paths leading from a point back
to the same point, a connected graph is
called a “tree.” In nature the tree itself is
of course a splendid three-dimensional
model, and there are also crystals that
grow in a similar manner. Rivers and
their tributaries sprawl over the earth’s
surface in gigantic tree diagrams. Cer-
tain brittle solids crack in such a way that
the break, examined under a microscope,
shows a beautiful treelike pattern. Elec-
tric discharges sometimes branch like
trees.

The simplest tree graph is a line con-
necting two points. Three points also
join in only one way to form a tree, but
four points can be connected in two
topologically distinct trees. Five points
yield a “forest,” or set, of three trees and
six points can be connected in six trees
[see illustration on opposite page]. The
placing of the points and the shapes of
the edges are irrelevant because only
topological properties are used here as
distinguishing features; think of the dia-
grams as being formed of identical balls
joined by elastic bands. These are called
“free trees” to distinguish them from
“rooted trees,” in which one point is dis-
tinguished from all others, or “labeled
trees,” in which all points are distin-
guished.

There are still other types of trees for
which there is as yet no standard no-
menclature. The problem of calculating
the number of distinct n-point trees of
a given type gets into complex combina-
torial theory. There are 11 free trees with
seven points, and then the series contin-
ues 23, 47, 106, 235, 551,.... A dozen
seven-pointers are shown on page 120
but two are duplicates. Can you find the
twins? As a further exercise the reader
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can see if he can draw the 23 eight-
pointers.

It is obvious that every tree of n points
has n — 1 edges, and a forest of n points
and k trees has n — k edges. Another ob-
vious theorem is amusingly illustrated by
a scene in L. Frank Baum’s fantasy The
Magical Monarch of Mo and His People.
An apple on a high branch cannot be
reached by climbing the tree because
someone has sawed off part of the trunk,
near the branch, to use for kindling. The
theorem: Removal of any edge from a
tree graph disconnects the graph. Even
a terminal edge, if it is removed, leaves
its terminal point stranded.

Investigations of the properties of tree
graphs did not get under way until the
late 19th century, but of course the dia-
gram was in use in ancient times. It is a
handy way to show all kinds of rela-
tions—genealogical ones, for instance—
and for dividing a subject matter into
hierarchic categories. One of the most
ubiquitous tree graphs in medieval meta-
physics was proposed in a commentary
on Aristotle by Porphyry, a third-cen-
tury Roman philosopher and opponent
of Christianity. In essence the Tree of
Porphyry is what is now called a “binary
tree.” Categories are split into two mu-
tually exclusive and exhaustive parts on
the basis of a property possessed by one
part but not the other. Substance, the
summum genus, divides into the cor-
poreal and the incorporeal, the corporeal
into the living and the nonliving. The
living divides into the sensible (animals)
and the insensible (plants). Animals di-
vide into the rational (man) and the non-
rational; the rational in turn splits into
individual persons, the infama species of
the tree. After the invention of engraving
Renaissance philosophers liked to pub-
lish fantastically branched and elabo-
rately decorated diagrams of the Por-
phyrian tree.

Petrus Ramus, the French Protestant
logician killed in 1572 in the Massacre
of St. Bartholomew, was obsessed by this
kind of exhaustive division and applied
the binary tree to so many topics that it
was thereafter known as the Tree of
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Ramus. Jeremy Bentham, in the early
19th century, was perhaps the last im-
portant philosopher to take the binary
tree quite so seriously. Although he re:
alized that a complete Ramean tree was
unwieldy in many areas (for example
botany!) and that, like an apple, a cate-
gory can often be halved in thousands
of different ways, he was convinced that
dichotomous division was one of the
great tools of analysis. He wrote of the
“matchless beauty of the Ramean tree,”
and headed a section of one essay “How
to plant a Ramean encyclopedical tree
on any given part of the field of art and
science.”

Philosophers today have little use for
tree diagrams, but mathematicians and
scientists have found applications for
them in such diverse fields as chemical
structure, electrical networks, probabil-
ity theory, biological evolution, opera-
tions research, game strategy and all
kinds of combinatorial problems. The
most striking example I know of the un-
expected applicability of tree diagrams
to a combinatorial problem (in this case
a game of card solitaire) is given in a dis-
cussion of tree theory in Fundamental
Algorithms, just published by Addison-
Wesley as the first volume of a projected
seven-volume series titled The Art of
Computer Programming. The author is
Donald E. Knuth, a mathematician at
the California Institute of Technology.

The solitaire game is best known as
“clock,” although it also goes by such
names as “travelers,” “hidden cards” and
“four of a kind.” The pack is dealt into
13 face-down piles of four cards each,
the piles arranged as shown in the illus-
tration at the left at the bottom of page
120 to correspond to the numbers on a
clock face. The 13th (king) pile goes in
the center. Turn over the top card of the
king pile, then slide it face up under
whichever pile corresponds to the card’s
value. For example, if it is a four, put it
under the four o’clock pile; if a jack, un-
der the 11 o’clock pile, and so on. Now
turn up the top card of the pile under
which you just placed the card and do
the same thing with the new card. The
play continues in this way. If you turn
a card that matches the pile it is in, slide
it face up under that pile and turn the
next top card. If you place a card under
a pile and there is no face-down card on
it (the pile consisting of four face-up
cards of the same value), then move to
the next-higher pile clockwise. The game
is won if you get all 52 cards face up. If
you turn a fourth king before this hap-
pens, the play is blocked and the game
lost.



Playing clock is purely mechanical,
demanding no skill. Knuth proves in his
book that the chances of winning are
exactly 1/13 and that in the long run
the average number of cards turned up
per game is 42.4. Even more astonishing
is Knuth’s delightful discovery of a sim-
ple way to know in advance, merely by
checking the bottom card of each pile,
whether the game will be won or lost.
Draw another clock-face diagram, but
this time indicate on each pile the value
of the bottom card of that pile—except
for the center, or king, pile, the bottom
card of which remains unknown. Now
draw a line from each of the 12 bottom-
card values to the pile with the corre-
sponding number [see illustration at
right at bottom of next page]. (No line is
drawn if the card’s value matches its own
pile.) Redraw the resulting graph to re-
veal its tree structure [see top illustration
on page 121]. If and only if the graph is
a tree that includes all 13 piles will the
game be won. The arrangement of the
40 unknown cards is immaterial!

The illustrated game, as the tree
graph reveals, will be won. The reader
is invited to draw a similar diagram for
another starting position [see bottom il-
lustration on page 121] to determine
whether it is a win or a loss, and then to
check the result by actually playing the
game. A proof that the tree test always
works will be found in Knuth’s fascinat-
ing and charmingly written 634-page
book. In addition to being the introduc-
tory volume of what will surely be a
monumental survey of computer science,
it is crammed with fresh material that is
of great interest to recreational mathe-
maticians.

A tree that catches all of a set of points
is said to be a “spanning tree” for those
points. One of the earliest theorems in
tree theory was the discovery, by the
19th-century Cambridge mathematician
Arthur Cayley, that the number of dif-
ferent spanning trees for n labeled points
is n raised to the power of n — 2. (Cay-
ley was one of the founders of tree theo-
ry, which he developed in 1875 as a
method of calculating the number of
different hydrocarbon isomers.) Suppose
there are four towns, A, B, C and D. If
we join them with a spanning tree, in
how many different ways can it be done?
Cayley’s formula gives 42, or 16 [see top
illustration on page 122]. There are top-
ological duplications, but because the
vertices (towns) are distinguished we
count each as being different. Where
crossings occur one edge is shown
going under the other to make it clear
that the crossing is not another vertex;

otherwise the tree would be a five-point
tree.

Suppose n towns are to be joined by
a railroad network consisting of track
segments connecting pairs of towns.
Tracks may cross, but if so the crossings
must not be taken as new vertices; that
is, they are not points at which a traveler
can transfer from one track to another.
By what procedure can you find a span-
ning graph that has the smallest total
length?

POINTS|  TREES
2 I
3 {
|
| l
| l

;
Y
!

It is easy to see that the minimum
graph is a tree. Otherwise it would con-
tain a circuit, in which case the graph’s
length could be made shorter by the re-
moval of one edge, breaking the circuit
but leaving all towns still connected.
Since any circuit can be eliminated,
shortening the graph, the minimum
graph will be a tree. There are several
simple algorithms (procedures) for find-
ing a minimum-length tree. The fol-
lowing is given by Hugo Steinhaus in

Y
‘¥ Yy

Topologically distinct trees of two to six points
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Bottom cards and their tree connections
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the revised edition of his Mathematical
Snapshots (Oxford, 1960). Pick any town
and join it to its nearest neighbor with a
straight line. Do the same with each of
the other towns. If this connects all the
towns, you have completed an “economy
tree” and solved the problem. If it pro-
duces a disconnected forest, pick one of
the trees and draw the shortest line that
will connect a town of that tree to a town
of another tree. Repeat with the other
trees. If this also fails to connect all
the towns, continue the same procedure
with the new forest. Eventually you will
complete an economy tree. It will be of
minimal length and there will be no in-
tersections of edges. If at any stage you
have a choice of two or more edges of
the same minimum length, it does not
matter which you choose. Where there
are such choices there will of course be
more than one economy tree.

The economy tree problem should not
be confused with the “traveling salesman
problem,” a famous unsolved problem of
graph theory. In that problem one seeks
the shortest circuit enabling a salesman
to visit every town once and only once
and return to his starting town. There
are good computer algorithms for find-
ing close approximations to the shortest
circuit when the number of towns is
large, but there is no absolutely accurate
general procedure except the tedious
testing of all possible routes.

If one is allowed to join towns by
trees that contain new vertices, then the
economy tree structure is quite different.
This is brought out neatly by a classic
problem: What is the shortest railroad
connecting four towns at the corners of
a square? Assume that the square’s side
is one mile. Remember, the minimal
spanning tree in this case may contain
one or more additional vertices; it need
not be a four-point tree. If the reader
succeeds in finding this tree, he can try
the more difficult problem of determin-
ing the minimal-length tree joining the
five corners of a regular pentagon. An-
swers to all these questions will appear
next month.

Bst month’s problems about square
numbers are answered as follows:

After 1444 the next-smallest square
ending in 444 is 4622, or 213,444. The
formula 500x = 38, where x is any in-
teger including 0, generates all numbers
whose squares end in three 4’s.

To prove that no square can have all
odd digits, we show that every square
ending in an odd digit must have an even
digit second from the end. If a square
ends in an odd digit, so must its square
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Card connections as a tree diagram

root, therefore we have two situations to
consider: a square root ending in odd-
odd digits and one ending in even-odd
digits. The squarings of both numbers |
are shown schematically in the bottom

illustration on the next page, with E for KR
even and O for odd. The dots indicate for free data sheet on the new Heath “700" Monochromator,

that each line of numbers may extend write on your school or company letterhead to:
any length to the left.

In both cases, when the odd end digits
of the square roots are multiplied, the
amount carried must be 0, 2, 4 or 8.
Since these are all even we place an E
inside the two smaller squares to show

that the carried amount is even. On the i f

left, each cross multiplication indicated Ours ree

by an arrow gives an odd product that ° °

remains odd after the carried amount is Oﬁl l M d B

added to it. The two shaded digits there- Cla erce es =~ enz

fore will be odd, and since the sum of ° ®
two odd numbers is even, the second E D l K t
digit from the end of the bottom line uropean e lvery l
must be even. The situation on the right

is similar, only now the cross multiplica-
tions give even products that remain
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even after the carried amount is added.
The two shaded digits therefore will be
even. Since their sum is even, the second
digit from the end of the bottom line
again must be even. Interested readers
can go on to prove a stronger theorem,
which states that the second digit from
the end is odd if and only if the end digit
is 6.

Number 12 and its reversal have the
same curious properties as 13 and 31.
Square 12, reverse the digits, extract the
square root and you get 21, the reverse
of 12. The digits of either square sum
to 9, the square of 3, which is the sum
of the digits of 12 or 21. Fred S. Par-
menter of Troy, N.Y., read about these
numbers in the last chapter of Leonard
Eugene Dickson’s History of the Theory
of Numbers, Volume I: Divisibility and
Primality and recently set about the task
of searching for all pairs of numbers with
the same properties. Let us call such a
number a par number. Parmenter proved
to his surprise that no par number can
contain digits other than 0, 1, 2, 3, and
that a number n is par if and only if the
sum of its digits is the square root of the
sum of the digits of n. Since numbers
in the series 12, 102, 1002, 10002, ...
are all pars, the set of pars is infinite. If
we define a fundamental par as one with
no zeros, and include palindromic pars,
the set has 55 members, the smallest 1,
the largest 111111111. Eliminating the
trivial palindromes, the fundamental
pars are the following 20 numbers and
their reversals: 12, 13, 112, 113, 122,
1112, 1113, 1121, 1122, 1212, 11112,
11113, 11121, 11122, 111112, 111121,
111211, 1111112, 1111121, 1111211.

The two two-digit automorphic num-
bers in base-6 arithmetic are 13 and
44. Extended leftward to seven digits,
1350213 and 4205344 are base-6 auto-
morphs. The second 100-digit base-10
automorph, the companion to the auto-
morph given last month, is shown on the
opposite page.

All pairs of automorphic numbers of
the same length, in any number system,
have a sum of the form 11, 101, 1001,
10001 and so on. In the decimal system,
therefore, given one of such a pair, its
mate is found by subtracting the last
digit from 11 and all other digits from 9.
In the base-6 system the last digit is
taken from 7, all others from 5.

rI*he ambiguity in the fourth and ninth

- cross-lights of Lewis Carroll's double
acrostic ballad in the September issue
brought a large number of interesting
letters. Martin Burkenroad noticed that
the poem contained two phrases from



Hundred-digit automorph

Coleridge’s Kubla Khan, “river ran” and
“mazy motion” as well as the capitalized
word “Vision” and the cross-light “ice,”
but these allusions were of no help in
clearing up the two ambiguous cross-
lights.

I cannot list all who wrote or give
their arguments, but I shall cite some of
the words that were suggested. Most
readers agreed that “stream” was the
best choice for the fourth cross-light, re-
ferring to the divided river of men in
black cloth and girls in muslin dresses.
Four readers preferred “swarm,” four
“stoicism” (“swallowed down her wrath”)
and three “schism.” Other proposals
were “seam,” “spasm” and “scrum” (a
rugby formation).

The ninth cross-light, for which
“arena,” “aurora” and “abracadabra” had
been suggested, prompted four readers
to propose “America” and four “asea.”
Three preferred “aphasia,” three “ago-
ra.” Others suggested “alfalfa,” “ataxia,”
“arista,” “arcadia,” “avena” and “anar-
rhoea” (Greek for the flowing back of a
tide after the ebb).

E. Robinson Rowe concluded, after a
long and good analysis, that correct solu-
tions for cross-lights 4 and 9 and pos-
sibly for others may have hinged on
allusions to contemporary history or fic-
tion or to local Oxford customs; the stu-
dent for whom Carroll wrote his puzzle
poem (he is the “Uncle” of stanzas 12
and 13) may have had much less diffi-
culty with the answers than we do today.
Incidentally, the name of the student’s
niece, Miss Keyser, was incorrectly
spelled Kyser. Her first name remains
unknown. If it began with K, her initials
K. K. might explain the allusions to
Kubla Khan.

Next month I shall report some un-
usual new discoveries made by readers
in connection with the short problems
presented in November.
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There’s a strong bond between dia-
monds and Plenco.

Quality insisting on quality.

The diamonds used by Raybestos-
Manhattan, Inc. are bonded, 14"
deep, to a wheel molded of Plenco
397 Impact and Heat Resistant
Phenolic Compound. Value of the
wheel: approximately $10,500.

Let Raybestos-Manhattan tell the
story. “Our assignment,” they write
us, ‘“was to manufacture a large,
‘one-piece’ resin bonded diamond
wheel and we succeeded. By using
| standard techniques and your 397

compound, we were able to mold a
preform 16”x 214 ¢”’x5” in one piece,
free of gas inclusions. We've had
reports from customers that it is
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Mold it with Plenco.

very difficult to obtain a wheel of
this size in a one-piece structure.”

One Plenco compound out of
many. One special application out
of countless. One way Plenco serv-
ice people serve one company out
of a wide customer roster. “Big
wheel” or small, shouldn’t there be
a way your company can benefit
from Plenco service?

PLENCO

PHENOLIC MOLDING COMPOUNDS

PLASTICS ENGINEERING COMPANY
Sheboygan, Wisconsin 53081

Through Plenco research...awide range of ready-made
or custom-formulated phenolic, melamine, and epoxy
thermoset molding compounds, and industrial resins.
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Conducted by C. L. Stong

nyone making field studies of wild
A plants might want to mark out
areas so that he could observe the
spread or retreat of certain species over
a period of several years. The area can
be marked by stakes, of course, but
if the stakes are large enough to be
found easily among tall plants in sum-
mer, they run the risk of being acciden-
tally knocked down or being pulled out
by someone who does not know what
they are for. Even short stakes become
conspicuous in winter and invite destruc-
tion. Inoffensive bench marks can be in-
stalled close to the surface along fence

THE AMATEUR SCIENTIST

Building a sensitive magnetometer

and an accurate solid-state timer

rows or natural boundaries for locating
points of interest by triangulation, but
this expedient is both troublesome and
time-consuming.

A novel method of marking that ap-
pears to overcome such drawbacks has
been devised by Nicholas Wadsworth,
an amateur plant ecologist of Farn-
borough in England. Wadsworth buries
small bar magnets at various points in
the fields. Later he locates them to with-
in a few feet using a proton free-preces-
sion magnetometer that he designed and
built at home. He then uses a pocket
compass to zero in on the exact location
of the magnets. Wadsworth writes:

“My magnetometer is based on the
effect a magnetic field exerts on protons
in the nuclei of atoms of water. Accord-
ing to theory, most elementary particles
—including the protons in water—spin on
their axes like tops. They are also mag-
netized. In the presence of a magnetic

field, such as the earth’s, the spinning
protons precess around the direction of
the field in the same way that a spinning
top standing on its point at an angle pre-
cesses around the direction of the earth’s
gravitational field. The rate of precession
is proportional to the strength of the
magnetic field.

“Normally the protons are out of step
with one another, so that their effects
cancel and the precession cannot be de-
tected. If, however, all the protons could
be made to point in the same direction
at right angles to the earth’s field and
were then released together, they would
all precess together. The effect of all
would add, and the precession would be
easily detectable for a few seconds until
the protons got out of step again.

“Unfortunately a magnetic field of
more than a billion oersteds would be
needed to line up all the protons at room
temperature. This is much larger than
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tuning capacitors,
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Plan of Nicholas Wadsworth’s magnetometer

© 1968 SCIENTIFIC AMERICAN, INC



the largest magnetic field ever produced.
However, much smaller fields, which can
be produced easily by a dry battery and
a coil of wire, can cause slightly more
protons to point one way than the other.
The difference is sufficient to produce a
detectable signal in the coil when they
are released. The precession frequency,
and hence the frequency of the signal
induced in the coil, is about 2,025 cycles
per second. After amplification it can be
heard in an earphone as a musical tone
about three octaves above middle C.

“(This is, of course, a ‘classical’ de-
scription of the process. The quantum-
mechanical description involves the
emission of quanta as the protons “flip’
from one quantized state to another in
the presence of the magnetic field. The
description is different but the end re-
sult is the same.)

“The heart of the instrument is two
plastic bottles wrapped with insulated
copper wire and filled with distilled wa-
ter. A switch of the push-button type
enables me to connect the coils to either
a three-volt dry battery or the input ter-
minals of an amplifier. The bottles are
mounted on the ends of a nine-foot pole
at right angles to the pole, which sup-
ports in the middle the switch, battery
and amplifier. Usually the coils are con-
nected to the input of the amplifier.
Pressing the switch transfers the connec-
tions to the battery. When the switch is
released, the battery circuit opens first
and other contacts transfer the coil leads
to the amplifier [see illustration on oppo-
site page].

“At a potential of three volts the cur-
rent in the coils develops a magnetizing
force in the water of about 30 oersteds.
When the field is turned off, the protons
precess around the earth’s field for about
three seconds and induce an alternating
voltage in the windings of the bottles.
The windings are connected in reverse
polarity. For this reason the induced
voltages cancel if the earth’s field is uni-
form in strength and direction at both
bottles. Nothing is heard in the earphone
except the residual noise of the amplifier.

“On the other hand, if the magnetic
field differs at the two bottles, the in-
duced frequencies also differ and a net
difference in voltage appears at the ter-
minals of the amplifier. Such differences
are observed when one bottle is closer
than the other to a buried magnet, a
piece of iron or inhomogeneities of the
soil. Beats or wavers then appear in the
signal. They reflect the difference fre-
quency of the current in the two sets of
coils. The 2,025-cycle note from the ear-
phone gets alternately louder and softer.

“The magnetometer can detect a

minimum  difference in field strength
of about 3 X 105 oersted, but where I
live the earth’s field is disturbed more
than this by difterences in soil composi-
tion. The smallest difference that I can
definitely identify as arising from a bur-
ied magnet is about 2 X 10 oersted,
which gives about one beat per second.
I bury permanent bar magnets that are
three inches long and 3/8 inch by 5/8
inch in cross section.

“When searching for magnets, I hold
the pole horizontally at right angles to
my path. If I am moving east, the pole
points north and south and the bottles
point east and west. I press the switch
for about three seconds and release it.
If T hear either no beats or one that per-
sists for more than a second, I conclude
that no magnet is in the vicinity. Then I
press the switch while taking three slow
paces forward, stop and listen again. In
this way I search a strip about 12 feet
wide. If I find no magnet, I similarly scan
parallel strips. Thus I can quickly search
a large area, listening at points nine feet
apart in a series of 12-foot strips.

“When I hear two or more beats per
second, I know that I am near a magnet
or some other object that exerts a strong
influence on the earth’s field. I then spoil
the signal from one coil by placing a
small piece of iron near it. The field at
that bottle becomes so inhomogeneous
that the signal fades abruptly. Then I
hear only the steady signal from the sec-
ond bottle. This signal also disappears
when the second bottle is moved close
to the buried magnet. By this procedure
I locate the magnet to within a foot or
two. It can then be found easily with a
pocket compass.

“The magnetometer is inexpensive
and easy to build. At a variety store I
bought thin-walled polyethylene bottles
1% inches in diameter and 2% inches long
with plastic tops. I filled the bottles with
distilled water. Each bottle was wound
with 520 turns of No. 24 Standard Wire
Gauge enameled copper wire. (The di-
ameter of the wire is .022 inch, equiva-
lent to No. 23 American Wire Gauge.)
Each winding is divided into four sec-
tions of 130 turns each. The sections
are spaced uniformly along the bottle
to minimize capacitance in the coils.

“The terminals connect directly to the
push-button switch. The switch consists
of the contact assemblies of three micro-
switches. The assemblies are mounted so
that one plunger actuates all three as-
semblies. When the plunger is released,
the battery circuit is broken and then the
coils are reconnected to the amplifier.

“The signal from the coils amounts to
only about 10-1¢ watt, equivalent to the
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radiant energy that enters the eye from
a candle 16 miles away. The amplifier
must therefore be of the tvpe that de-
velops high gain and little noise at the
desired frequency of 2,025 cycles. It
should also be compact and light, and it
should impose a minimum load on the
battery.

“My amplifier was designed around
inexpensive germanium transistors. The
first transistor of the string develops only
about as much noise as is generated by
the random motions of electrons in the
copper coils. Noise is suppressed further
by the insertion of a tuned transformer
between the third and the fourth tran-
sistor of the string. The magnetic core
of the transformer is of the ‘pot’ type: it
has roughly the shape of a hollow dough-
nut equipped with a movable plug in the
central hole. The torus contains two coils
of wire, which are the primary and the
secondary winding of the transformer.

“The unit passes only the narrow band
of frequencies determined by the posi-
tion of the movable plug and the tuning
capacitor. The position of the plug is set
by a screw adjustment to pass the de-
sired 2,025-cycle tone generated by the
protons. I use the Mullard Type LA2416
pot core, which I bought (together with
the transistors) from Mullard Ltd., Mul-
lard House, Torrington Place, London
WC 1. Mullard is a branch of Philips’
Gloeilampenfabrieken of Eindhoven in
the Netherlands.

“The design of the tuned transformer
is fairly critical. In particular the Q of
the completed transformer—the ratio of
the average energy stored in the trans-
former to the energy that is dissipated
per 1/3.14 cycle—must be at least 160.
Any pot core that, when wound, will
yield this Q can be substituted for the
Mullard Type LA2416.

“The primary winding of the trans-
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former consists of 120 turns of No. 42
S.W.G. enameled copper wire; the diam-
eter is .004 inch, equivalent to No. 38
A.W.G. The coil is wound first on an in-
sulating form and covered by a thin
layer of paper insulation. The secondary
coil of 1,170 turns of No. 40 S.W.GC.
enameled copper wire, tapped 30 turns
from the inner end, is then wound over
the primary. (The diameter of the wire
is .0048 inch, approximately equivalent
to No. 36 A.\WW.G.) The secondary wind-
ing, when it is in place within the pot
core, has an inductance of one henry
and is tuned to the resonant frequency
of 2,025 cycles per second by a capacitor
of .006 microfarad. I used a capacitor
that was made with polystyrene insula-
tion to minimize the loss of energy and
thereby minimize the width of the band
of frequencies transmitted by the reso-
nant circuit.

“A signal of 10-18 watt can just be
heard above the noise of the coils and
amplifier. The gain in voltage is about
two million, so that certain parts must
be shielded to prevent the amplified
signal from feeding back into the low-
energy parts of the circuit. I installed
the amplifier and its nine-volt dry bat-
tery in a tobacco tin. The tuned circuit
was isolated from the remaining parts

by metal partitions that divided the
housing into three compartments and
thus shielded the input and output por-
tions of the circuit from each other. The
internal layout of the parts is not critical.

“The assembly is completed by tuning
the pot-core transformer. This adjust-
ment is determined by the local strength
of the earth’s magnetic field. The opera-
tion must be performed away from
buildings and pieces of iron. The mag-
netic field inside the average dwelling
is so inhomogeneous that the signal
quickly dies away.

“Any germanium transistors that have
a current gain of about 40 at .5 milli-
ampere can be substituted for those
specified by my circuit [see illustration
below]. The transistors designated in the
illustration are of British manufacture
and have no exact U.S. equivalent. The
first transistor in the string, Q;, must
have a low noise figure—about three dec-
ibels when connected to a 1,500-ohm
resistor, which is a source of noise.

“A diode of the Zener type connected
in series with a conventional diode is
bridged across the switch contacts of the
three-volt battery. These diodes mini-
mize sparking at the switch contacts and
speed up the collapse of the magnetic
field when the circuit is opened. The

rating of the Zener diode should lie be-

tween 10 and 20 volts. The unit must be

capable of transmitting 300 milliamperes

for a maximum of 500 microseconds. "
Any diode of the silicon-junction type

can be connected in series with the

Zener diode.

“The current drawn from the nine-
volt battery by the amplifier amounts to
only 2.5 milliamperes, so that the battery
should have a long life. In contrast, the
coils draw about one watt when they are
magnetized by the three-volt battery. I
use a heavy-duty dry battery for ener-
gizing the coils. The life of the three-volt
battery is about 24 hours if it is used in-
termittently.”

An essential apparatus for making ex-
“ periments of many kinds is a rea-
sonably accurate clock that can operate
a switch automatically at regular and
predetermined intervals, make a periodic
sound, register the passage of time in dis-
crete units and so on. A clock of this kind
is described by Eric Newman, a high
school student in New York. He built the
unit primarily as an introductory exercise
in the use of two solid-state devices of
recent origin: the unijunction transistor
and the silicon-controlled rectifier.

Like the vacuum tube and the tran-
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sistor, these devices are equipped with
three terminals. The devices will conduct
electric current in only one direction
between two of the terminals when an
appropriately smaller current is applied
to the third terminal. In effect, the de-
vices function as switches that can be
opened or closed thousands of times per
second by a signal that can be trans-
mitted from a distant location. Both de-
vices are made essentially of semicon-
ducting materials.

The unijunction transistor consists of
two minute rods of silicon joined in a
structure that resembles a T crossed
somewhat off center. Normally the elec-
trical resistance of the crossarm of the T
is quite high—5,000 ohms or more. Posi-
tive potential is usually applied to the
end of the shorter portion of the crossarm
and negative potential to the longer por-

tion [see illustration on next page]. The '

shorter portion goes by the name of “base
two” and is designated B, in the illustra-
tion; the longer portion is called “base
one” and is shown as B in the illustra-
tion. The leg of the T is called the emit-
ter. The emitter will conduct current into
the base region but not in the reverse di-
rection. Normally the path between the
emitter E and B; behaves like an open
circuit. When one applies to the emitter
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' Remedios Guanzon.
Father dead.
Mother blind.

REMEDIOS GUANZON, FILIPINA,
AGE 5. Father dead. TB. Mother blind.
Earns a few pennies begging. Brother is
Remedios guides blind
mother’s hands to spots on clothes that

a scavenger.

require parlticular scrubbing. Family

lives in one small room. Must crawl

through small opening to enter. Walls
from material found at city dump. No
facilities. Help to Remedios means help
to entire family, medical care included.

Thousands of children as needy as Remedios
anxiously await “‘adoption” by you or your group.
Choose a boy or girl from Greece, South Korea,
Viet Nam, Hong Kong, the Philippines, Brazil, Co-
lombia, Ecuador or Peru. Your child and his family
receive a monthly cash grant, as well as counselling,
medical care, blankets, household equipment,
clothing—and primary school education. You re-
ceive a case history and photograph. Each month
you write and receive a letter (original and transla-
tion). Learn how your “adoption’ benefits the entire
family. Soon, through the regular letters and prog-
ress reports, you and your child develop a warm,
loving relationship.

CHECK YOUR CHARITY! We eagerly offer our financial statement upon request
because we are so proud of the handling of our funds.

PLAN is a non-political, non-profit, non-sectarian, independent relief organization,
approved by the United States Government, registered under No. VFA019 with the Ad-
visory Committee on Voluntary Foreign Aid of the Agency for International Development.

© Foster Parents Plan, Inc. 1967

ESMM PM, Inc.

352 PARK AVENUE SOUTH, NEW YORK, N.Y. 10010 - Founded 1937

PARTIAL LIST OF
SPONSORS AND
FOSTER PARENTS
Steve Allen
Sen. Paul H. Douglas
Helen Hayes
Conrad N. Hilton
Sen. Jacob K. Javits
Sen. Robert F, Kennedy
Art Linkletter
Amb. & Mrs,
Henry Cabot Lodge
Garry Moore
Sen. William Proxmire
Dr. Howard A, Rusk
Mr. & Mrs. Robert W, Sarnoff
Gov. & Mrs.
William W. Scranton
Sen. John G. Tower

FOSTER PARENTS PLAN, INC.
352 PARK AVENUE SOUTH, NEW YORK, N.Y. 10010
In Canada: P. O. Box 65, Sta. B, Montreal, Que.

A,

B.

SA-2-68

| wish to become a Foster Parent of a needy child for one year or more.
If possible, sex....... ,ag€e...... ynationality....ooiiiiiiiiiie e
I will pay $15 a month for one year or more ($180 per year).

Payment will be monthly ( ), quarterly ( ), semi-annually ( ),
annually (). -
| enclose herewith my first payment $.............

| cannot “adopt” a child but | would like to help a child by contributing

LT N
Address. oo uueneeneennnniniiiiiiiiiaii i
City. s iiiniiennnonnncnnnnnnnns State...oeviueennnnns Zipeeveunnnn
Date..ovuviininnennniennnnnnns Contributions are income tax deductible
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Circuitry of Eric Newman’s solid-state timer

a positive potential that is equal to about
60 percent of the potential between B,
and B, however, the resistance between
the emitter and B, drops abruptly to a
low value.

Devices that exhibit this characteristic
can be made to generate electrical oscil-
lations: to convert direct current into
alternating current. The unijunction
transistor makes an ideal oscillator for
generating pulses of short duration,
waves in the shape of sawteeth and other
forms that—before the advent of this
small and inexpensive device—could be
generated only by complex apparatus.
Unijunction oscillators nearly always
work the first time you try them. For
this reason experiments that are based
on them can serve as a pleasant introduc-
tion to the technology of solid-state de-
vices in general.

The maximum average current that
can be switched by the unijunction
transistor amounts to only a few thou-
sandths of an ampere. In contrast, the
silicon-controlled rectifier (SCR) is a
high-current device. The largest SCR
can carry hundreds of amperes and con-
trol loads of many kilowatts.

The terminals of the device include
an anode, a cathode and a control elec-
trode called the gate. The SCR will con-
duct current from the anode to the cath-
ode when a pulse of positive current is
applied to the gate. Once the device has
been triggered it continues to conduct
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until the current is interrupted by some
external device. The unijunction tran-
sistor makes an ideal triggering com-
panion for the SCR.

“My solid-state timer,” writes New-
man, “includes two basic circuits: an
oscillator that consists of a unijunction
transistor and an associated timing cir-
cuit that generates a series of extremely
short periodic pulses of current, and a
silicon-controlled rectifier that is actu-
ated by the timed pulses. An electro-
mechanical counter, powered by the
SCR, registers the accumulated intervals
of time.

“The timing circuit consists of two
adjustable resistors that can be con-
nected alternately by a switch to the
positive terminal of a nine-volt dry bat-
tery that applies potential to a capacitor.
The negative terminal of the battery is
connected to the second terminal of the
capacitor. The rate at which the capaci-
tor accumulates charge varies inversely
with the size of the resistors.

“The junction between the capacitor
and the resistors is connected to the
emitter of the unijunction transistor. B,
of the transistor is connected to the posi-
tive terminal of the battery through a
resistor that limits the current to a safe
value. B, is similarly connected to the
negative terminal through a resistor that

serves as a load. A potential difference’

appears across the load resistor when
the transistor conducts current.
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“When power is applied to the ap-
paratus, charge accumulates in the -ca-
pacitor. Voltage simultaneously rises
across the terminals of the capacitor and
across the emitter and B; of the tran-
sistor. When the potential has increased
to about 60 percent of the potential
across the battery, the emitter abruptly
conducts and the resistance vanishes be-
tween the emitter and B;. The capacitor
discharges almost instantly through the
transistor. During the discharge a volt-
age pulse appears across the terminals
of the load resistor. The cycle continues
as long as power is applied.

“One resistor of my instrument is ad-
justed to generate pulses at the rate of
one pulse per second and the other at the
rate of 10 pulses per second. The rate of
pulsing, in seconds, is roughly equal to
the product of the capacitance in micro-
farads multiplied by the resistance in
megohms. I refined the calibration by
accumulating the total count, as indi-
cated by the electromechanical counter,
for a series of 15-minute intervals, as in-
dicated by an accurate clock, and then
adjusted the resistors as required.

“Pulses frcm the timing circuit are
applied to the gate of the SCR. The
anode-cathode circuit of the SCR in-
cludes the electromechanical counter, a
30-volt battery and a set of relay con-
tacts that are operated by the armature
of the counter. The SCR, when it is
triggered into the conducting state, re-
mains conductive until the power is in-
terrupted. The relay contacts perform
this function.

“The SCR, when it is triggered, also
applies power to the solenoid of the
counter. The solenoid then magnetically
attracts a movable armature, which op-
erates a ratchet that advances the count-
ing wheels one unit. The armature also
opens the contacts at the inner limit of
its excursion (after it has actuated the
ratchet).

“Contacts must be added to the
counter. I salvaged a contact-spring as-
sembly from an old relay. The assembly
consists of a pair of flat, narrow springs
joined at one end with an insulating
spacer. The contacts, which are welded
to the opposite end of the springs, are
usually closed.

“The insulated end of the assembly
was mounted on the frame of the counter
with epoxy cement. A short rod was
cemented to the armature to depress
the innermost spring—and thus open the
contacts—at the inner extreme of the
armature’s excursion. When the contacts
open, the SCR returns to the noncon-
ducting state. In this state it is prepared
to accept the succeeding count.”



Systems and operations research at CAL
takes imaginative shape in both military and
civilian forms: in ballistic missile defense and
in community ecology; in methods of penetration for tac-
tical aircraft, and in basic studies of the country’s water
resources. Included in that spectrum are reconnaissance
and surveillance, weapon system analysis, mathematical
modeling of physical systems, ordnance research, quanti-
tative decision making, and environmental research.
Because the Laboratory is engaged in advancing the state
of the art in numerous fields of physical research, it is use-
ful to treat the systems research as an interrelated part of

llustration symbolizes the research of our Systems Division. Others in the
series reflect the technical essence of our four other Divisions: Aerosciences,
Computer Sciences, Full-Scale, and Physics.

IMAGINATION In
Systems Research

the total program. The system models we
develop thus are able to reflect the real world,
and the physical research in turn is often
guided into areas where new knowledge is needed. OJ If
your imaginationisn’t being challenged quite as much
as you would like, we invite you to consider participat-
ing in this stimulating program of independent, nonprofit
research. For more about the Laboratory and your
future in it, write today to Mr. S. W. Rentschler, Cornell
Aeronautical Laboratory, Inc., Box 235, Buffalo,
New York 14221. (CAL offers equal employment oppor-
tunity to all.)

CORNELL AERONAUTICAL LABORATORY, INC.

of Cornell University
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Think twice before you

A Porsche is so responsive to your touch, it seems
to read your mind. You can almost think it
through a turn. It drives the way you feel like
driving: calmly competent on the way to work,
razor-sharp and aggressive on racing weekends.
Whatever your mood, this car instinctively
matches it. (One of the enduring pleasures of
owning a Porsche.)
Racing’s toughest competition car
never fights its driver

The Porsche is a well-mannered champion
—an honor graduate of the world’s most unfor-
giving obedience courses: LeMans, Targa Florio,
Sebring, Nurburgring. It has won the World Cup
for Speed and Endurance, awarded by the spon-
sors of these four races.

The Porsche will corner safely, on virtually
any line you choose. The suspension (independ-
ent torsion bars and trailing arms) and the car’s
superb balance keep the wheels always pressed,
full tread, against the road. On unpaved streets
or rough, back-country washboards, the suspen-
sion eliminates rebounds and kidney jolts. The
steering (via fast rack-and-pinion linkage) always
responds faithfully to your touch.

Shifting gears is effortless. As quickly as
you can move your arm, you can shift up or
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road test a Porsche.

down, for maximum engine efficiency.

And reassuringly, the Porsche is as obedi-
ent when you want to stop as it is when you
want to go. All four wheels are equipped with
fade-proof, self-adjusting disc brakes, built to
take the most destructive handling professional
racing drivers can give them. An impressive
margin of safety for everyday street driving.

The sincerest form of flattery

Porsche’s formidable racing record is rea-
son enough to get acquainted with this car. So
is Porsche’s automotive history.

The man behind this car, Professor Ferdi-
nand Porsche, patented the first torsion bar sus-
pension and pioneered the aerodynamic fast-
back. He mounted his cars’ engines in the rear (all
grand prix racing cars today have rear-mounted
engines). He developed a lightweight, air-cooled
engine that’s almost indestructible.

The creative tradition established by Pro-
fessor Porsche is clearly evident in the work of
his son and grandsons. Case in point: their new
roll-bar-equipped Targa convertible. (Some day,
all convertibles may offer the Porsche Targa’s
built-in safety feature.)

When you road test a Porsche, ’A
you'll discover how comfortable it

Prices start about $4950, East Coast POE. For information, overseas delivery: Porsche of America Corporation, 107 Tryon Avenue West, Teaneck, N.J. 07666.



is, how much fun it is to drive, how safe and
forgiving a car it is.
A magnificent investment
Porsche owners enjoy financial satisfac-
tions as well. The car needs little maintenance.

It has great endurance. It depreciates very slowly.
And it uses gas sparingly.

Doesn’t the Porsche have every-
thing you want in a personal car?

© 1968 SCIENTIFIC AMERICAN, INC



Fascinated by Mathematics? Physics? Chemistry? Astronomy? Archaeology? Biology? Genetics?
Anthropology? Technology? Space Flight? Computers? Evolution? .

(Then get a free Bonus Book as well!)

P ¥ Take Any 3
S Worth 2 %54.35

for just
with a short, experimental

THE LIBRARY OF SCIENCE

The Suggested Trial: Simply agree to purchase 4 additional Selections during
the coming year, at special reduced Member's Prices at savings up to 40%.

of these
books

$5.95 for all three

membership in

3416. APPLIED COMBINATORIAL MATH-
EMATICS. Edwin F. Beckenbach. Edi-
tor. The ‘““who’s who’’ of combinatorics
contribute to this useful and lucid vol-
ume on the mathematics of organized-
complexity problems, as based on
algebra and number theory. Publisher’s
Price $13.95

3623. BIOCHEMISTRY. Ernest R. M. Kay.
Brilliant demonstration of the life proc-
ess in terms of the chemical events
that underlie the remarkable interde-
pendence of structure and function in
living cells. Publisher’s Price $7.95.

4207. DEVELOPMENT OF MODERN CHEM-
ISTRY. Aaron J. Ihde. Panoramic his-
tory of the past two centuries, as chem-
istry became the science we know today.
851 pages. Publisher’s Price $13.50

4320. THE EARTH. Carl O. Dunbar. The
dean of American geologists reviews all
that we know about the development of
the earth and the perennial mystery ot
its origins. Publisher’s Price $12.50

4436. ELEMENTS OF ABSTRACT ALGEBRA.
Richard A. Dean. Superb, newly pub-
lished presentation of the challenging
branch of modern mathematics whose
foundations lie in the theory of groups.
Publisher’s Price $7.95

4494. ENCYCLOPEDIA OF PHYSICS. Rob-
ert M. Besancon, Editor. Indispensable
one-volume reference work covering all
standard and advanced topics in phys-
ics. 316 articles by 320 prominent con-
tributors. Publisher’s Price $25.00
Counts as two choices.

4620. ESP: A SCIENTIFIC EVALUATION.
C. E. M. Hansel. The first book to scien-
tifically appraise the mounting evidence
for psychic phenomena, especially the
‘“laboratory’’ experiments that appar-
ently make the case for ESP. Pub-
lisher’s Price $6.95

4667. EXCURSIONS IN NUMBER THEORY
/MATH DIVERSIONS. A well-selected col-
lection of fascinating aspects of num-
ber theory by C. S. Oglivy and John T.

ENROLL NOW TO RECEIVE UP TO $54.35 WORTH

OF BOOKS ON SCIENCE FOR JUST $5.95

The Library of Science

3416 4494 4890

3623 4620 5210

4207 4667 5338

4320 4834 5529

4436 4887 5530
GUARANTEE:

NAME.

ADDRESS. . .

CITY svsuionscs s esss . STATE.

Front and Brown Streets, Riverside, N.J.

Please enroll me as a Trial Member and send the 3 books for just $5.95
plus shipping whose numbers I have circled below.

As a Trial Member, I need accept as few as 4 more Selections during the
next 12 months, always at reduced Member’s Price plus shipping. and I
may cancel Membership any time thereafter. Each month
a Newsletter describing the forthcoming Selection, along with a con-
venient form for requesting Alternate Selections or no book at all.

I also understand that I may choose a free Bonus Book for every 4 Selec-
tions purchased after the Introductory Offer.

Three Books for just $5.95 (circle numbers):

If, after examining the volumes of your choice, you are
not completely satisfied, you may return all books within 10 days and
your Membership will be cancelled. Pay nothing—owe nothing.

T will receive

5554 5810 6396
5628 5864 6436
5631 5940 6860
5624 6036 8383
5773 6153 8436

Anderson, and delightful, wide-ranging
and historically famous math problems
compiled by J. A. H. Hunter and Joseph
S. Madachy. Publisher’s Price $9.95
Two books count as one choice.

4834. FAMOUS PROBLEMS OF MATHE-
MATICS. Heinrich Tietze. Brilliant pres-
entation of modern and classic prob-
lems in mathematics, including Fermat’s
last problem, trisecting an angle and
many more. Publisher’s Price $10.00

4887. FOUNDATIONS OF PLASMA DYNAM-
ICS. E. M. Holt and R. E. Haskell.
Extremely lucid outline of the funda-
mentals of this spectacular new branch
of physics. Publisher’s Price $12.95

4890. FRIENDSHIP AND FRATRICIDE.
Meyer A. Zeligs, M.D. Psychoanalytlc
mslghts applied to the protagonists in
the Hiss-Chambers case by an eminent
clinician. Publisher’s Price $8.95

5210. GUIDE TO MATHEMATICS FOR THE
INTELLIGENT NON-MATHEMATICIAN.
Edmund C. Berkeley. Leads the non-
mathematician painlessly through def-
inite and indefinite numbers, calculus,
the ““New Math'’ and more. Publisher’s
Price $6.95

5338. HISTORY OF TECHNOLOGY, Vol-
ume IV: The Industrial Revolution.
Charles Singer, E. J. Holmyard, A.

Hall, Trevor I. Williams, Editors. Pano-
ramic view of the Industrial Revolution
from 1750 to 1850 which ushered in our
modern era. Publisher’s Price $26.90

5529. INFORMATION, COMPUTERS, AND
SYSTEM DESIGN. Ira G. and Marthann
E. Wilson. Comprehensive overview of
systems concepts in the light of infor-
mation theory. Publisher’s Price $12.50

5530. INFORMATION STORAGE AND RE-
TRIEVAL. Becker and Hayes. Outstand-
ing guide that covers information sys-
tem theory and design, man-machine
relationships. much more. Publisher’s
Price $11.95

5554. IN SEARCH OF THE PRIMITIVE.
Lewis Cotlow. Fascinating glimpses of
the customs and lore of primitive peo-
ples whose way of life is fast vanishing
under the onslaught of civilization.
Publisher’s Price $8.95

5628. INTRODUCTION TO LINEAR AL-
GEBRA. Marvin Marcus and Henryk
Minc. Rigorous, lucid treatment of fun-
damental concepts of linear algebra
and matrix theory which introduces
g’x;agcstical applications. Publisher’s Price

5631. INTRODUCTION TO PROBABILITY
AND STATISTICS. B. W. Lindgren and

G. W. McElrath. Clearly presents the
basic ideas of statistics and probability,
illustrated with many easily understood
problems from many disciplines. Pub-
lisher’s Price $7.95

5634. INTRODUCTION TO MATHEMATI-
CAL STATISTICS. Robert V. Hogg and

Allen T. Craig. Answers the question
that crops up in all fields of science:

© 1968 SCIENTIFIC AMERICAN, INC

ROBERT M BESANGON

e BT

‘““What are the odds against it?’’, and
gives the mathematical methods for
;eaching that answer. Publisher’s Price
8.95

5773. NUMBER: THE LANGUAGE OF SCI-
ENCE. Tobias Dantzig. *‘The evolution
of mathematical thought from the earl-
iest times to the latest constructions is
presented here with admirable consist-
ency and in a wonderfully lively style.’”
—Albert Einstein. Publisher’s Price $6.95

5810. LECTURES ON ELEMENTARY NUM-
BER THEORY. *‘A highly original, ex-
citing, and readable introduction to the
many aspects of number theory.”’—Mel-
vin Hausner. Publisher’'s Price $7.75

5864. LINEAR PROGRAMMING. N. Paul
Loomba. Definitive explanation of to-
day’s most widely used programming
technique. Publisher’s Price $8.50

5940. MACHINERY OF LIFE. Dean E.
Wooldridge. Brilliant exposition of the
thesis that the biological development
of life is an inevitable result of the
operation of the laws of physics. Pub-
lisher’s Price $7.

6036. MAN'S PLACE IN THE DYBO-
SPHERE. Richard R. Landers. A chal-
lenging exploration of the brave new
world which machines that ‘‘think’
have created — and will create — for
modern man. Publisher’s Price $5.95

6153. ELEMENTARY MATRIX ALGEBRA.
Franz E. Hohn. Provides a concrete
understanding of matrix theory and
of the applications to fields from indus-
trial ‘‘transport’’ problems to atomic
physics and game theory. Publisher’s
Price $8.50

6396. THE NATURE OF SOLIDS. Alan
Holden. Lucid treatment of heat, sym-
metry. crystal structure, quantum me-
chanics, electrical conduction, and.
magnetic phenomena as they concern
the solid state. Publisher’s Price $6.95

6436. THE NEW AGE IN PHYSICS. sir
Harrie Massey. Gives a clear under-
standing of the complex advances in
twentieth-century physics and the re-
sulting changes in our concept of mat-
ter. Publisher’s Price $10.00

6860. PHILOSOPHY OF MATHEMATICS.
Paul Benacerraf and Hilary Putnam.
Two dozen of the greatest mathematical
minds — brought together for the first
time — focus on the fascinating prob-
lems to which modern mathematics has
given birth. Publisher’s Price $11.35

8383. TOPICS FROM THE THEORY OF
NUMBERS. Emil Grosswald. Historical
approach to the presentation of number
theory, including divisability, congru-
ences. quadratic residues and arithme-
tic functions. Publisher’s Price $8.50

8436. TOPICS IN MODERN MATHEMAT-
ICS. Howard M. Nahikian. Ideal in-
troduction to some of the most exciting
and basic concepts in modern math-
ematics: sets and subsets, Boolean
algebra, probability, vector spaces, mat-
rices. linear transformation, etc. Pub-
lisher’s Price $7.50



by Il Bentley Glass

Tuoe BioLocy oF ULTIMATE CONCERN,
by Theodosius Dobzhansky. The New

American Library ($5).
A schauung of a biologist is quite
A unusual, yet it is timely in an era
when the discoveries of biology threaten
us with quandaries more numerous and
more severe than any issues we have yet
resolved. What will man do with the
power to control the course of the future
evolution of every living species, includ-
ing his own? This power he already pos-
sesses, but the goals are not chosen. Who
will establish them, and how? It is not
en()ugh to say: Let us avoid intervention
in the natural course of evolution—let it
take its own course. It is plain that we
are already committed to many practices
that clearly modity, usually in a detri-
mental way, the genetic structure of pop-
ulations of plants and animals, micro-
organisms and men. We have already
intervened in the evolutionary process,
although mostly in blind ignorance of the
consequences of what we do. There re-
mains time, not much but perhaps
enough, to guide the process toward a
more agreeable outcome, if the power of
decision-making is strengthened and fo-
cused on the matter. Today many stu-
dents of evolutionary processes see that
these issues face mankind with disas-
trous possibilities, yet few are willing to
forsake the pursuit of scientific knowl-
edge for the difficult battle between con-
flicting human desires and values.

It is thus doubly fortunate to have a
consideration of human problems by an
acknowledged leader in the field of evo-
lution. Professor Dobzhansky, of Rocke-
feller University, speaks with the knowl-
edge and authority of one whose book
Genetics and the Origin of Species in
1937 established with a fresh and vigor-
ous grasp the modern view of Darwinian
theory and began the experimental anal-
ysis and testing of evolutionary hypothe-

book devoted to the Weltan-

BOORS

What are the goals

of man’s evolution?

ses. His own researches and those of his
numerous students have contributed a
major portion of owr present understand-
ing of the evolving genetic structure of
populations. The reader will therefore
turn with special interest to these pages,
which portray a scientist’s very personal
(uest for the meaning of life, his own
effort to harmonize spirit and animality,
his effort to press beyond the synthesis
of science.

The book has six major chapters, the
first five of which are in fact introduc-
tory to the author’s statement of belief
in the last one. First Dobzhansky consid-
ers the familiar, timeworn effort to sup-
ply divinity within the gaps of present
knowledge. He rejects the “gods of the
gaps” out of hand. As so often in the
past, so too in the future the increase
of scientific knowledge will narrow the
gaps, fill the vacant spaces with once-
missing links, and reduce the freedom of
action of the gods who have been invent-
ed to account for action not understood.
“The historical odds,” Dobzhansky says,
“are all against the ‘God of the gaps’ be-
ing able to retain these shelters in per-
petuity.”

In biology vitalism, in spite of a few
recent efforts to revive it, is dead. Nev-
ertheless, the kind of simple reduction-
ism that treats the living organism as a
physical and chemical machine is not an
adequate view of the nature of life ei-
ther. We must seek to find out how orga-
nisms became what they are. Every liv-
ing being is a direct lineal descendant of
primordial life. The new living machines
are not exact replicas of the old ones.
Natural selection acting on the effects
produced by mutations generates adap-
tations. There is thus a feedback from
the challenges of the environment to the
genetic nature of the species. The na-
ture of the organism, down to every mi-
nute feature of its development, is a
product of its past evolutionary history.
Dobzhansky therefore searches for some
emergent quality (perhaps rooted in pan-
psychism, as various other biologists
have believed) to account for the novel-
ties in the origin of life and the origin of
man and mind.
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Considering the problem of tran-
scendence in an evo]utionary context,
Dobzhansky notes that “Christianity
is, among the great religions, most ex-
plicitly history-conscious, and in this
sense evolutionistic.” On the foundation
of the Judeo-Christian background the
idea of progress has deminated Western
thought. A belief in evolution—cosmic,
biological, human—was a natural sequel.
The pertinent question is whether these
are three unrelated processes, or “parts,
perhaps chapters or stages, of a single
universal evolution.” Dobzhansky would
knit them together through evolutionary
transcendence. “Cosmic evolution tran-
scended itself when it produced life. . . .
In the same sense, biological evolution
transcended itself when it gave rise to
man.” Natural selection offers an ade-
quate basis for this evolutionary tran-
scendence. It may well have operated,
as the Russian biologist A. I. Oparin and
others have suggested, prior to the ad-
vent on earth of living organisms, in
the competition for survival of complex
chemical systems differing in their indi-
vidual capacity to grow, to remain stable
and to replicate themselves. Particularly
evident in the later stages of competition
among biological organisms is the lack
of any perfect or ideal fitness. “The fit-
ness that is selected,” Dobzhansky says,
“is the overall fitness of the organism to
survive and to reproduce, not the excel-
lence of different organs, processes, and
abilities taken separately. A consequence
is that, especially in radical evolutionary
reconstructions, the emerging product is
an appalling mixture of excellence and
weakness.” Nonetheless, although it is
a process embodying chance and im-
perfection, natural selection is truly
creative, since it brings into existence
constellations of genes characterizing
species that have never been before.

The transcendent qualities of man are
to be found in his mind—in his self-
awareness and his death-awareness, his
consciousness of individual identity and
his foresight of its loss. It is a point to be
kept in mind that the individual con-
scigusness of identity is not a mere ex-
pression of the uniqueness of the geno-
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type. It may well start with that. Yet we
must recognize that identical twins do
not regard themselves as the same per-
son in spite of their identical genotypes.
Hence the entire course of personal his-
tory, starting from the first exposure cf
initially identical embryos to different
circumstances, leads to different charac-
teristics, different experiences and dif-
ferent memories. The sense of distinct
individuality is formed with the dawn
of consciousness itself. Dobzhansky pro-
vides an interesting line of reasoning to
support the view that both self-aware-
ness and death-awareness can be advan-
tageous in the course of natural selec-
tion. To the existence of death-awareness
he attributes in prime degree man’s “ulti-
mate concern,” his search for the mean-
ing of his own life and the lives of others,
his long quest for the meaning of the cos-
mos.

In a chapter entitled “Search for
Meaning” Dobzhansky reasons that
man’s (and woman’s) sexuality, the pro-
longed helplessness of infants, the fam-
ily as the social outgrowth of the parent-
child relation, the evolving tendency
of man to “ethicize” and man’s death-
awareness all play roles of importance in
natural selection and culminate in the
quest for meaning. Magic and religion—
the latter defined as “what man does
with his ultimate concern”—are the nat-
ural products. One might say that “the
human species has developed a capacity,
in fact a need, to have a religion.” On the
other hand, human ability—predicated
on one’s self-awareness—to identify one-
self with groups, movements and institu-
tions produces the social cohesion with-
out which human history could not have
been. It follows from the foregoing line
of reasoning that science, particularly
biology, is “relevant to man’s ultimate
concern.” The growing alienation of the
individual man and the widespread
sense of the meaninglessness of life thus
acquire a new illumination. One may
ask: Would a recognition by the individ-
ual of the existence and nature of the
evolutionary process of which he is part
and product actually create in him the
necessary sense of involvement and of
participation in a process the ends of
which none can see but whose capacity
to transcend current levels of being is
clear enough? Can education, specifical-
ly in biology, strongly promote the un-
derstanding of the ultimate concern?

In his final chapter Dobzhansky at-
tempts to answer this question. A true
and satisfying synthesis of knowledge
and wisdom must be, he affirms, an evo-
lutionary synthesis. It cannot, like some
religions, rest on static concepts, either
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of what exists or of what is right or best.
The author himself finds such a synthe-
sis in the writings of Pierre Teilhard
de Chardin, who is characterized as a
“Christian mystic, who happened also
to be a scientist, and who had in ad-
dition a gift of poetic imagery.” One
should discard the notion, says Dob-
zhansky, that Teilhard really wrote sci-
ence. “It would...Dbe nearer the truth to
say that Teilhard saw science illuminated
by his mystical insights.” Since not a few
scientists (George Gaylord Simpson, for
example) have dismissed Teilhard in
sharp or cavalier fashion, it is most in-
teresting to see just what Dobzhansky
makes of Teilhard’s synthesis. Granting
that “every generation will face the task
of revising and renewing the synthesis,”
Dobzhansky picks out as the cardinal
postulate of Teilhard the following state-
ment: “Men’s minds are reluctant to rec-
ognize that evolution has a precise ori-
entation and a privileged axis.” Man’s
ultimate concern, then, is with his own
individual part of this evolution of the
whole universe, marked by progress and
directionality. Teilhard describes evolu-
tion as “groping,” a term that Dobzhan-
sky finds apposite, although he chal-
lenges Teilhard’s view that evolution
“tries everything.” The evidence is clear
to the biologist that innumerable possi-
ble modes of evolutionary development
have never been tried at all, and that the
initial chance that life today would be
exactly what it actually is, is comparable
to the choice of one atom among all those
in the universe. Yet here we are, a part of
that totality of living beings on the earth
which Teilhard has regarded as a supra-
organism, and specifically that part in
which the emergent qualities of mind
and consciousness have transcended sim-
ple biological evolution. I take Dobzhan-
sky’s own ultimate statement to be the
following;:

“...in progressive evolution we find a
competition for cooperativeness. There
is also an evolution of love; love ascends
from sexual love, to brotherly love, to
love of mankind, to love of God. Love
unites without casting off the diversity.
On the human level it is the means
whereby a person as well as the species
achieves self-transcendence. The mega-
synthesis is ‘a gigantic psycho-biological
operation’ in which love is the main
agent, and which leads to the unity in
diversity.”

And what is God? Dobzhansky is sat-
isfied with the vision of Teilhard: the
eventual consummation of all evolution
is a convergence in the Omega. In the
Book of Revelation (22:13) is the Chris-
tian statement in symbolic form: “I am
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the Alpha and the Omega, the first and
the last, the beginning and the end.”
What can another scientist say of
Dobzhansky’s credo, particularly one
who is himself a biologist, a student of
evolution and a humanist? There will be
many scientists who will reject this book
because it ventures beyond the facts and
hypotheses of science. They are those
who have not found a need for the “ul-
timate concern.” There will also be many
readers who will acclaim the work be-
cause it fits well their own philosophy of
life, without knowing whether Dobzhan-
sky’s underpinning of scientific interpre-
tation is sounder than that of Teilhard de
Chardin or not. I can assure them that it
is, that it accords well with all that is
known today of the nature of the evolu-
tionary process; but the assurance is un-
necessary since they would have grasped
at the hope anyway. There are others,
perhaps, who will examine the author’s
venture into metaphysical and religious
thinking with a critical yet sympathetic
spirit. It is not necessary for Dobzhansky
to be right on every point. Maybe he is
not. In any case, as he says himself, “ev-
ery generation will face the task of re-
vising and renewing the synthesis.” The
reason we owe so much to Dobzhansky
—and to Teilhard before him—is that
someone must venture to attain a higher
synthesis of knowledge and meaning,
someone must grapple with man’s “ulti-
mate concern.” For too long this task has
been left to the philosopher untrained in
science or to the spokesman of religion.
As a consequence a disheartening paral-
ysis has prevailed. On the one hand, how
many scientists engage ever more ex-
haustively in an analysis of phenomena
while neglecting the equally important
synthesis of ideas about the cosmos,
about life, about man! On the other, how
many philosophers content themselves
with mathematical logic or existentialism
and deny the relevance of the scientific
advances of our time for the appropriate
reconstruction of our systems of thought,
If the ultimate concern of man is so
inherently biological and evolutionary as
Teilhard and Dobzhansky have insisted
it is, then the neglect of such matters in
our schools, colleges and universities is
appalling. The social resistance to such
a view can be measured by the fact that
more than a century after Darwin no
high school biology textbook in the U.S.
provided a forthright discussion of either
the evidence for evolution or the theory
of natural selection. Most of them even
refused to use the word “evolution” and
referred ambiguously to some theory of
organic “development” still on supposed-
ly shaky scientific grounds. This, more
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than 30 years after the discovery of how
to produce mutations artificially and to
study the processes of evolution experi-
mentally! If the Biological Sciences Cur-
riculum Study had done nothing more in
the past eight years than to break this so-
cial reluctance to examine, discuss and
evaluate the evidence and the theory,
American education would owe it a last-
ing debt of gratitude. Nevertheless, as 1
reflect on my own experiences in this
area during the past decade, I remain
deeply troubled that so few biologists
have voiced their concern or volunteered
their personal services in taking the first
steps toward seeing that all Americans
in the next generation will be provided
with the particular educational experi-
ence essential to the understanding of
our “ultimate concern.” Is it that we are
so materialistic that we have no ultimate
concern? Or so shortsighted that we are
concerned only with discovery and not
with the uses made of discovery?

Dobzhansky’s vision is both human
and all-embracing. 1 fear that its recep-
tion may be cool and narrow. \Vill there
be even one biologist in the younger gen-
erations who does not say, “This is not
science”? Will there be even one philoso-
pher who does not say, “This is too much
science for me—I shall stick to straight
philosophy”™ The trouble is that Dob-
zhansky, in the true 18th-century mean-
ing, is a natural philosopher, a species
now extinct or nearly so. Yet the aliena-
tion of so many persons in our society
today is proof enough that what we need
is more enlightened education that will
relate the natural sciences to human life
and human problems, and especially to
man’s ultimate concern.

Short Reviews

e Greexvanp Ice Cap, by Bgrge

* Fristrup. University of Washington
Press ($20). If you live in the northern
half of the U.S. and far enough from
Puget Sound, you are likely as you read
these lines to be in that third of the earth
which is at any time temporarily covered
with snow. The ice caps of the Antarctic
and Greenland are relics of the age when
a third of the earth was always locked
in ice. Of these two the Greenland ice
sheet, smaller and lying much closer to
the center of human population, is the
better known. The Greenland Ice Cap is
a beautifully illustrated book, translated
(by David Stoner) from the Danish text
of an expert who seeks to make the his-
tory and nature of what we know about
the Greenland ice available to the non-
specialist. It is two centuries since men
first went for more than a brief walk onto
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the ice sheet; the trader Lars Dalager
and five Greenlanders, equipped as
hunters, made a hard week’s foray into
the intense cold and sterile beauty of the
ice. Since about 1950 the airplane and
the tractor, the spearheads of large-scale
organizations (mainly but not exclusively
military), have occupied stations on the
cap, for study, for radar and for air res-
cue—stations where now “the ice sheet is
invaded by men in lounge suits, collars,
and ties, carrying briefcases.” This is the
story of that remarkable transient con-
quest, still only spotty, since “a mile or
two from [the stations] living conditions
are...as they have always been.” There
is a brave tradition of science on the ice
too; the geophysicist Alfred \Wegener,
originator of the idea of continental drift,
died somehow on the high ice in 1930,
probably of a heart attack in his tent, and
was buried there by a companion who
himself was never found.

Nowadays the big camps humming
with diesel or atomic power lie tunneled
into the ice under Quonset roofs and
thick layers of snow, or sit high above
the unstable snow surface on stilts with
hydraulic jacks. Tractor trains, aircraft
and helicopters nourish the stations,
bringing fuel, food and film. Radio al-
timetry and the more difficult seismic
sounding have shown that the ice is
about a mile deep, lying above a rocky
terrain more or less like that around
Hudson Bay. The crevasses are still a
peril but a manageable one. The weath-
er is cold, although surprisingly stable;
the ice sheet cools the air at the ground,
so that there is a permanent inversion,
with light winds steadily falling into the
sea on all sides. Weather, then, is not
much made on the ice cap. Icebergs are;
there break off from the edges and float
away each year a couple of hundred cu-
bic kilometers of ice, about the volume
of the Green Mountains of Vermont.
This ice seems to flow across the top of
the sheet; the mile-thick layer is mainly
stagnant. Greenland has certainly been
warming, and the ice retreating, over the
first half of this century, but for the past
decade or so the trend appears to have
been reversed. We do not know what
will happen in the long run. The lavish
volume ends with a fine tipped-in photo-
graph showing sky brilliant blue above
blued ice, and a double track stretching
far toward the empty horizon. “These
tracks will remain for a long time and
will often be found again in the years to
come.

]?AI\IINE oN THE WIND: MAN’s BATTLE

AGAINST PrLanT Disease, by G. L.
Carefoot and E. R.Sprott. Rand McNally
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& Company ($5.95). Readers of a certain
age are sure to recall the marvelous ro-
mances of Paul de Kruif, who managed
a generation ago to recount in a series of
distinct narrative chapters the heroic sto-
ries of the pioneers of medical bacteriol-
ogy, the men who isolated, controlled or
immunized against the scourges of man-
kind—malaria, yellow fever, rabies and
the rest. What men and what times they
were! Working in plague-stricken cities,
or watching on their own wrist the in-
fected mosquito biting, these scientists
before antibiotics were adventurers not
only of the mind. The two Canadian au-
thors of this agreeable book follow the
pattern of De Kruif, but with two differ-
ences. The diseases are the diseases not
mainly of men but of their crops, and the
heroes are somehow subdued, a little by
the point of view but largely because
plant pathology is a large-scale, corpo-
rate kind of effort in which great men do
not stand much above the plateau. Still,
there are heroes.

Consider Dr. Thuillier, a French coun-
try physician in the year 1670, who saw
his patients suffer and die with the Holy
Fire, proceeding through convulsions
and madness to certain death. He no-
ticed three things. The disease was not
infectious; often family members sur-
vived. It was a disease of the country-
side and not of the city, and of the poor
but not of the rich. He found the cause:
it was the purple spurs of ergot, the fun-
gus parasite of the heads of the rye grain,
that brought the Holy Fire. City people
ate white bread. In those years when the
fungus Claviceps purpura visibly dotted
the rye fields, the Fire took its dreadful
tithe. Rye still harbors ergot, and today
we are protected only statistically, by
regulations on the content of ergot that
salable rye can have. Indeed, in 1951 a
tew dozen persons died or went insane
in Provence from ergot allowed to enter
bread flour by three hardfisted Auver-
gnats who knowingly sold their poison-
ous product far away. LSD is only one
of many pharmacologically potent sub-
stances now derived from ergot.

Another hero is Pierre Millardet, who
recognized in 1882 that roadside grapes
splashed with a mixture of lime and cop-
per sultate, to discourage passersby who
scrounged the ripe ones, were untouched
by the mildew. Out of this keenness of
eye and mind came Bordeaux mixture, a
prince among plant fungicides and still
a major defender of the vine against mil-
dew, of the potato against late blight and
of the plantation banana against leaf

“spot.

There is a humane if restrained ac-
count of the terrible enslavement of the



Congo peoples for rubber latex at the
turn’ of the century—one life expended
for each eight pounds of rubber! The
success of plantation rubber depends on
freedom from the leaf blight, which is
endemic in the New World and has so
far made Hevea rubber a monopoly of
Indonesia and Malaya. Chesthut, elm
and now oak among our American hard-
woods are falling before imported dis-
eases; the oak wilt may vet be checked.
This book tells the whole tale briefly for
a dozen crops of man; it should become
a standard, almost in the classic mode of
Microbe Hunters. The bibliography too
is rich and inviting.

(\‘ AtaL HOvOk: A Neonitiiie Tows 1x
>' AxatoLia, by James Mellaart. Mc-
Graw-Hill Book Company ($9.95). There
is something golden about our best
archaeologists today. They inherit so
strong a method and tradition, they find
such remarkable objects, they write so
brilliantly of such fascinating problems,
they bring out so many books so well il-
lustrated with photographs and recon-
struction dmwings, SO person;ll and yet
so clear in argument and so sound in sub-
stance, that other scientists cannot rival
them. Here is such a book.

Three or four years of digging into the
high 30-acre mound on the open wheat-
lands of the dry Anatolian plateau, car-
ried out by an expedition from the Uni-
versity of London under the author’s
leadership, are the source of this work.
The mound is an ancient town site, al-
ready 3,000 or 4,000 years old, by se-
cure radiocarbon dating, when Ur of the
Chaldees was founded. The people lived
not only by the cultivation of wheat and
barley but also by the taking of big game,
the red deer and the aurochs with its
great spreading horns. They knew pot-
tery and weaving, even in the oldest lev-
els yet reached; they smelted beads and
trinkets of lead and perhaps of copper;
they worked and polished stone and
bone with high art; they maintained a
complex terraced pattern of mud brick
and frame construction, which remained
stable sometimes over a
They had no writing or accounts.

Only a small part of the town has been
uncovered. Of the 139 rooms found, per-
haps 40 were decorated with wall paint-
ings, plaster reliefs, human skulls and
horns of the great wild ox set in rows
along walls or benches. Mellaart feels
he has opened the religious quarter of
the town and that most of these large
and splendid rooms were devoted to a
cult. What a cult! There are painted on
the wall great black vultures attacking
tiny headless humans. There are plaster

millennium.

NO MATTER WHERE YOU LOOK -

YOU SEE MORE WITH A QUESTAR

Photographed by Questar at a distance
of 238 miles is the snout of the Coleman
Glacier on the west side of Mt. Baker.
The Coleman is one of the glaciers used
for measuring glacial advance and retard,
and it might chill you to know that gla-
ciers are advancing. The entire scene is
shown at the right; note the road in the
foreground that winds up the mountain.

Imagine an astronomical telescope so
conveniently portable that you can carry
it into the wilderness and turn its high
power on scenes like this!

Photographed by Hubert A. Entrop,
on Adox KBI14 film, with 180 inches
focal length.

Below, the Standard Questar with Nikon
Photomic TN attached. Note the conve-
nient right-angle finder.
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heads of bulls, surmounted with real
horn cores, in rows and sets, defining
courtyards surmounted by the modeled
figure of a goddess, flanked by still more
bulls, who is giving birth to a ram. The
surfaces are painted, whitened, repaint-
ed and replastered, with scores of layers
of painting. The ritual function had to
be stopped and restarted many times.
There are a few human skulls, and in one
pit the bones of a premature infant, of-
tered to the goddess. The dead were ex-
posed to vultures, their bones stripped of
the flesh and the skeletons buried in the
platforms of houses and shrines.

We are offered a brilliant conjecture
on the nature of this awesome and bar-
baric ancient religion; the argument is
based on the absence of any overt refer-
ence to sexuality in the symbolism. Sex-
ual organs are never shown; breasts
and pregnancy, horns and horned heads
take their place. Mellaart believes this
shows that the religion was the creation
of the women, who became associated
with the fertility of fields and of flocks,
with the idea of increase itself, “as the
only source of life.” Man appears “as boy
and as paramour,” but the heads of the
cult, its great deities and their devotees,
were women.

There is a decade of work ahead at
this site. It shows man changing from
gatherer to farmer in that time of the
greatest change men have yet survived.
One can only wait with fascinated ex-
pectation for what will be found in the
rest of that strange old town in sight of
the snow-capped volcanoes of eastern
Anatolia.

[* S. PHILANTHROPIC FOUNDATIONS:

TuEIR HISTORY, STRUCTURE, MAN-
AGEMENT, AND RECORD, by Warren
Weaver, with contributions by 19 others.
Harper & Row, Publishers, Inc. ($7.95).
The author was a mathematical physicist
35 years ago when he became a philan-
thropoid of the Rockefeller Foundation.
This is his look back at what he has been
doing, a study of the whole institution,
fortified with essays by a cluster of sa-
vants, each one appraising the founda-
tion impact on a particular field, from
molecular biology to modern dance. The
foundations are traced back to antiquity,
when under Marcus Aurelius they be-
came artificial persons able to receive be-
quests and spend for the public good.
The big American foundations today
spend (by law they may not accumulate!)
the gain from oil, automobiles, steel,
breakfast food and tobacco on the pub-
lic welfare, mainly at the level of investi-
gation and prototype rather than on
charitable operations themselves. The
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10 big general-purpose funds together
have assets about eight times those of
Harvard but only half of what A T.&T.
holds. There are thousands of others, but
they add up to less than the first 10.
About $1 in $30 of all the money spent
on higher education and university re-
search now comes from private founda-
tions; 50 years ago it was $6.

The foundations have done well by
science. The Palomar telescope, the first
cyclotron, the main research on fruit fly,
Neurospora and bacteriophage genetics,
on DNA, on the growth of national in-
come and on input-output analysis—all
were foundation-financed. The interna-
tional control over death by yellow fever
and by malaria owes a great deal to the
foundations, and control over birth is
now gaining the same attention. Food,
too, was aided by foundations: the new
richness of Mexican wheat and Indian
maize are theirs. War and the disease of
racism are scourges for which founda-
tion research has plainly done little, al-
though such work as that of Gunnar
Myrdal and of many Southern colleges
shows their earnest presence.

The book is filled with praise. There
are troubles. The mark of the C.I.A. is a
recent one, and the economist Ceorge
Stigler’s essay takes a rather wry look at
the stimulation of fashions, although pos-
sibly of valuable ones. The entire work
is doubtless to be the standard study of
the American foundation, but although
it is disarmingly candid (Ford’s founding
“did unquestionably accomplish the un-
impaired continuation of the company”),
there is a rather repetitive note of satis-
faction. Natural enough, but what comes
next? Weaver does not really try to say.

( YONTACT AND FRICTIONAL ELECTRIFI-

4 caTION, by W. R. Harper. Oxford
University Press ($11.20). Here is a re-
markably fresh research monograph that
recounts painstaking and ingenious ex-
periments and merges order-of-magni-
tude estimates with a clear, brief version
of the quantum theory of solids to come a
good way toward the solution of a prob-
lem as old as amber. How do objects be-
come electrically charged on contact and
rubbing? The question is difficult, because
this is the physics of two dimensions,
only an atom deep. Moreover, it is the
study of that surface skin by means so
sensitive that impurities present only as
parts in 10" or so of the bulk cause
major effects. How does a good insulator,
such as polyethylene or amber itself,
charge up? Harper proves that in fact it
hardly does; these water-hating amor-
phous substances have no free bonds at
the surface, nor can they admit electrons
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into interior traps. They collect less
charge by two or three powers of 10
than glass or quartz does. That nonethe-
less amber and its like (electrum, the very
namesake of electricity) show strong
charge effects is the result of their excel-
lent resistance: what they get they hold.
In practice they gain a small charge be-
cause they sometimes harbor contami-
nating ions on the surface, or because
they heat locally under vigorous rub-
bing. A surface charge of an odd ion
or two—free electrons play no role—for
every 100,000 typical lattice squares is
about as much as one will find. It is
plenty to cause the sparking and the
obstinate stickiness of films, cloth and
fibers.

Harper cannot quite rationalize all the
strange effects seen, say, with the cat’s
fur of the lecture table, but he makes
the subject at last become a part of
physics. Ice is an unusually good ionic
semiconductor, and its charging by con-
tact and by thermal gradients lies behind
the thunderbolt. The book can be en-
joyed in part by anyone interested in
physics. As a whole, however, it is for
the professional. The literature is pre-
sented as deeply as the author’s own
considerable work; only the indexing and
other bookish apparatus are not as good
as the substance of this engrossing in-
quiry merits.

r|‘111~: Way Tuinegs Work: AN IL-

LUSTRATED ENCyYcLOPEDIA OF TECH-
NoLoGY. Simon and Schuster ($8.95).
This thick book presents on nearly every
pair of facing pages a one-page prose ac-
count and a page of related diagrams
giving an explanation of how some de-
vice operates. It was 01‘iginuted in Ger-
many, translated in Britain and retains
a continental flavor, with some German
notation left in and a number of Angli-
cisms. The depth of explanation is some-
how randcm. The page that explains the
cylinder lock, for instance, really con-
vinces; in three big drawings you can
see the tumblers raised by the key. But
a device such as the zipper, shown much
larger than life, somehow fails to be-
come quite clear; one could never re-
pair a zipper after the most careful study
of this page with its “at exactly the cor-
rect angle” and its “so designed that.”
The differential gear is more successful;
no one could expect to design a gear
train on such a basis, yet the pages do
make clear what the goal is and the
means by which the four pinions and the

. big gears do the job. But what is one to

make of radioactivity, lasers, cesium
clocks? Photography, textiles, radio and
television are each given many pages, in-
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C. E. M. Hansel Intro. by Edwin G.
Boring. A dispassionate and com-
prehensive study of parapsychology,
from its origins in the mid-nine-
teenth century to today. Diag%aérréss

MATHEMATICS ON VACATION

Joseph S. Madachy The best prob-
lems from Recreational Mathemat-
ics Magazine chosen by its editor,
and other original and outstanding
puzzles. Over 150 diagrams. “Stim-
ulating, well-presented...highly rec-
ommended.”—Martin Gardner, Sci-
entific American. $6.95

CHANGING HUMAN BEHAVIOR

John Mann The first comprehensive
account of modern scientific explo-
rations into the alteration and en-
hancement of human behavior. “An
important contribution to social psy-
chology.”—Gordon W. Allport, Har-
vard University. $5.95

THE PSYCHOLOGY OF SLEEP

David Foulkes A fascinating ac-
count of the latest scientific findings
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with special emphasis on the nature
and meaning of dreams. Diagrams.

POLYOMINOES 36.95

Solomon W. Golomb A complete
guide to this fascinating, instructive
new recreation in mathematics, with
more than 190 diagrams and a set
of pentominoes. $5.95

ON A PIECE OF CHALK

Thomas Henry Huxley A scientific
and literary classic that illustrates
the continuity of evolution by show-
ing how an ordinary piece of chalk
is linked to long-vanished geological
eras. Illustrated by Rudolph Frgund.

4.95
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THE HIGH VALLEY

Kenneth E.Read A beautifully writ-
ten and deeply moving autobio-
graphical account of two years spent
on the stone-age island of New
Guinea by a distinguished anthro-
pologist. Photographs and maps.

LOST LAND EMERGING 36.95

Walter B. Emery One of today’s
great archaeologists tells the ab-
sorbing story of Nubia, Southern
Gateway to Egypt—and of his
deeply committed efforts to save its
ancient monuments and artifacts.
Over 100 photographs and dia-
grams. $7.95

BEYOND THE OBSERVATORY

Harlow Shapley Lively, thought-
provoking essays by one of the
world’s foremost astronomers, who
writes on the giant universe of stars
as well as on a variety of subjects
outside the scope of astronomy.

536 PUZZLES AND

CURIOUS PROBLEMS

Henry Ernest Dudeney FEdited and
with an Introduction by Martin
Gardner. In a single volume—two of
the best books of mathematical puz-
zles by the undisputed ‘‘Puzzle
King.” With answers and over 400
drawings. $7.95
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Introduction by Glenn T. Seaborg.
The father of nuclear chemistry and
Nobel Prize winner for his work on
atomic fission reviews the pioneer
days in which a whole new science
was created. Photographs and dia-
grams. $7.95

DRUGS, MEDICINES, AND MAN

Harold Burn A distinguished phar-
macologist surveys the history of
drugs and medicines, explaining
contemporary theories of their ac-
tion in the human body and discuss-
ing new fields of research. $4.50
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FERROELECTRIC CERAMICS research and application at Sandia are at the forefront. Recent work
suggests the value of hot-pressed polycrystalline ceramics as elements for high density optical
computer memories and for controlled-persistence, high resolution displays. In the binary state,
switched elements of a coarse-grained ceramic act as transparent/opaque shutters (a memory ele-
ment under development provides 20,480 bits per square inch). In multi-state operation, a fine-
grained ceramic can be pulsed to act as a filter, providing in prototype models at least eight distinct
levels of light transmission at each storage site.

Ferroelectric discoveries at Sandia are the product of responsible individual initiative in an atmos-
phere of team project work.

If you would like to learn about possible opportunities for working in a challenging and productive
environment, write to the Employment Department, Sandia Laboratory, P.0. Box 5800, Albuquerque,
New Mexico 87115.

SANDIA LABORATORIES

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

A BELL SYSTEM SUBSIDIARY / ALBUQUERQUE, NEW MEXICO; LIVERMORE, CALIFORNIA; TONOPAH, NEVADA
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cluding, for instance, the classical lens
diagrams, plus accounts of electronic
flash gear, Polaroid film principles and
wide-screen movie optics. The Wankel
engine is presented here in a dozen small
drawings to show the stages of its cy-
cle, and an enigmatic close-up of the
all-important edge-sealing system. The
pages all add up to an interesting and
spottily useful book, a compendium of
largely clear drawings and a less trans-
parent text, but it isn’t really the way
things work. It is a kind of technological
unabridged dictionary, giving some of
its words real meaning and at most help-
ing others to roll off the tongue with a
pleasant but shallow familiarity.

\ I ADE oF Irox, by the Art Department,
- University of St. Thomas, Houston,
Tex. ($6). Bound in a striking paper
jacket, which is a full-scale reproduction
of chain mail, this catalogue of a rich
and remarkable art exhibition held at
the end of 1966 represents a new genre:
the self-conscious extension of the ap-
preciation of objects of craftsmanship
and beauty to include the principles of
the rational and empirical technology
that made possible their creation. A brief
initial essay on the nature of iron by Cyril
Stanley Smith presents, for example, a
diagram of the phase fields of the carbon-
iron alloy system. Most of the captions
under the photographs of the many strik-
ing works displayed do not yet make con-
tact with science and technology, still
restricting themselves to provenance, use
or typology, but the intent of the show
goes beyond these. The objects are strong
and often beautiful. There are dam-
ascened plaques from the high Renais-
sance as well as door bolts with a man’s
head forged by some country smith. A
gaunt and angular figure 15 inches high
in blacksmith’s iron was found at a Vir-
ginia site, once slaves’ quarters, a visible
link between 18th-century America and
the great tradition of African sculpture.
There is a suite of elegant Japanese
torged steel arrowheads, shot into the
air as a kind of offering at the battle’s
beginning. There are contemporary
American sculptures, some very fine, and
a foot-high allegorical figure chiseled
directly out of a steel ingot, without
drawing or model, in 1913 by an Ameri-
can artist, Frank Koralewsky. Quite over-
looked, however, are the high bridges
and towers and the lithe ships that are
surely the greatest works of our Age of
Iron.

'(:ENERAL PaLeoNTOLOGY, by A.

Brouwer, translated by R. H. Kaye.
The University of Chicago Press ($7.50).



Unriddling the rocks is of course one of
the major supports of the modern view of
life on our earth. Most texts on this sub-
ject are devoted less to the evidence and
its problems than to a kind of narrative
history of life. This work, aimed in its
Dutch original at geology undergradu-
ates, is a clear and thoughtful essay in
quite the opposite vein. It seeks to tell
how fossils are made, and then to con-
sider what one must ask about the en-
vironment, the age, the geographical po-
sition and the statistics of one’s samples
if one is to learn about ancient life. The
text is not abstract, although it is de-
liberately and refreshingly general in in-
terest in a science where there work the
most recondite of specialists. It relies on
examples. Do reconstructions always tell
the truth? You can see a page of draw-
ings of the mammoth, one of a genuine
skeleton and six reconstructions by
learned paleontologists. A seventh was
done from memory of the living beast by
a pamtel W01k1ng in the ancient Dor-
dogne. The modern artists are at least
not ridiculously oft the mark, although
their beasts lack the necessary hump.
Fossil groupings are formed not in life
but rather in death. Here is sketched
a horseshoe crab that was fossilized at
the end of its final track, made in the
limestone lagoon it entered only to die,
a stranger. The problems of why there
are so few transition forms, “missing
links” such as the feathered reptile,
of why some forms change slowly and
others rapidly, of whether there were
ages or places of great change are the
principal ones discussed in these pages.
The book owes a great deal to evolu-
tionists of a more genetic and less geo-
logical bent, such as Sewall Wright and
George Gaylord Simpson; this is essen-
tially another reading of the same great
layered record. That the fractional rate
of producing new genera in invertebrates
hit a peak in the Triassic is ascribed to
the earlier regression of the shallow seas,
which on returning opened a habitat
freed from many competitors. There is
the beginning of a quantitative science
here, but it is no more than that. The
current output of systematic handbooks
may at last provide the data we are
promised.

PLANTS, Man anp LiFg, by Edgar An-

derson. University of California Press
($1.95). A paperback reprint of the hard-
cover issue of 1952, with a three-page
preface added by the modest and learned
author, the book remains all but unique
as a botanist’s study of the origin of men’s
crop plants. It is as relevant as your next
meal, full of wit and insight.
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Lan M. Smith, Joseph L. Routh and
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COMMUNICATION AMONG
SOCIAL BEES

Martin Lindauer. “One of the
greatest discoveries in this cen-
tury is undoubtedly that of von
Frisch when he deciphered the
language of the bees . . . his stu-
dent and now colleague M. Lin-
dauer has continued the tradi-

tion . .. first-rate.” — American
Scientist. Illus. 1961. Harvard
Books in Biology. $4.75

NERVE CELLS AND INSECT
BEHAVIOR

Kenneth D. Roeder. Revised and
enlarged. The activities of in-
sects in language readily under-
stood by non-specialists. “Roe-
der,” said Science of the book’s

“..itisa

curious fa.Ct t’.lat of qll first edition, “is a careful scholar,

the communicating animals a facile writer, but above all, he

the only one whose language is an_excited scientist.” Tllus.

man has been able to translate 1967. Harvard Books in Biology.

in much detail is the bee. $5.50

We owe this breakthrough into THE COMPARATIVE ETHOLOGY
animal language to the sharp AND EVOLUTION OF THE

SAND WASPS

Howard E. Evans. “Probably the
most detailed comparative be-

observation and dedicated
curiosity of the Austrian

ZOOIOQis_t Karl havioral study of a large group
von Frisch.” lof};rvz:isps that has ei\_reia_r been pNub-
” ished . .. a mine of facts.””—Na-
—HARALD ESCH,
Scientific American ture. Illus. 1966. $15.00
ANIMAL SPECIES AND
EVOLUTION

Ernst Mayr. Winner of The Dan-
iel Giraud Elliot Medal of the
National Academy of Sciences,
this work is, as JULIAN HUXLEY

says, “certainly the most impor-
tant study of evolution that has
appeared for many years — per-

haps even since the publication of
The Origin of Species.”” 3rd

The Dance printing. 1963. A Belknap Press
Book. $11.95
LEARNING AND INSTINCT IN
anguage an | |
¥ ‘W. H. Thorpe. Revised and en-
0 ® t t. - larged. “This masterly work . ..
rientation

surveys present knowledge in the
discipline of ethology . . . and
evaluates the theories of various
investigators concermng learn-
ing and instinct.” — Scientific
American. Illus. 1963. $11.00

BIRDS AND MEN
What do bees say to each other? What do the various “dances” American Birds in Science, Art
performed in the hive mean? How does a scout bee tell other Literature and Conservation,
workers she has found nectar, what its value is, exactly where 1800-1900
it is, and from what flower it originates? How do bees use Robert Henry Welker. “Engag-
landmarks and the sun to determine and communicate direc- ing . . . engrossing . . . here is
tion? How do they manage when the sun is invisible? Can bees history of men and birds at its

. best. The author writes enter-
? St !
hear, see color, make out form, smell, taste? How do different tainingly and with humor . . .

species of bees, other insects, and animals differ in their holds so much of value and inter-
methods of communication? est.” — Nature. Tlus. 1955.
In this fascinating book, the man who is the world’s most A Belknap Press Book. $5.75
renowned authority on bees describes in detail, in lucid, non-
technical prose, what he has discovered about these most

sophisticated of insects during a half-century of study and HARVARD
experimentation. 580 pages, with 450 illustrations. UNIVERSITY PRESS
A Belknap Press Book $15.00 I
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A selection of products available by mail for readers of Scientific American
All merchandise sold on a money-back guarantee. Order direct by Stock No. Send check or M. O.

UNUSUAL
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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 47 propeller. Operates on 2
flashlight batteries (not incl.).
48” control line, battery ca%e
Stock No. 10,3075. ..$2.98 Ppd.

ceeE8ann, |

~®
O

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

44” Diam.— 34"

Stock No. 70, 0035 . .58 00 Ppd.
6” Diam.—1” Th

Stock No 70, OMS su 95 Ppd.
8” Diam. —13/5

Stock No 70, 0055 521 00 Ppd.
10” Dia 1/

Stock No. 70, OOGS 534 25 f.o0.b.

GIANT
WEATHER BALLOONS

“Balls of fun” for kids, traffic

stoppers for stores, terrific for
amateur meteorologists. 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
duty neoprene. Inflate with vac-
uum cieaner or auto air hose; or
locally available helium for high

rise.
Stock No. 60,5685.8’.52.00 Ppd.
Stock No.60,6325.16’.57.00Ppd.

WFF'N PROOF—
GAMES OF LOGIC

Practice abstract thinking and
math logic. Developed by Yale
prof. If you think learmng should
be fun, try WFF'N ROOF
brain-to-brain combat! 21 games
of progressive difficulty. Starts
with simple games mastered by
6-year-olds, ends with subtle
logic for challenge to professional
logicians. 8 14” x 5 3{” case contains
logic cuhes playing mats, timer &
224-p. boo

Stock No 60 525S...$6.00 Ppd.

3" ASTRONOMICAL
TELESCOPE

See stars, moon, phases of Venus,
planets close up. 60 to 180 power
—famous Mt. Palomar reflecting
type. Aluminized & overcoated 3"
diameter £/10 primary mirror, ven-
tilated cell. Equipped with 60X
eyepiece and mounted 3X ﬁnder
scope, hardwood tripod. FREE

““STAR CHART'; 272- page
“HANDBOOK OF HEAVENS";
““HOW TO USE YOUR TFLF-

SCOPE”
Stock No. 85,050S. .529.95 Ppd.

Stock No. 85, 0865 5199 50 TCC

ANALOG
COMPUTER KIT

Demonstrates basic analog com-
puting principles. Can be used for
multiplication, division, powers,
roots, log operations, trig prob-
lems, physics formulae, electricity
and magnetism problems. Oper-
ates on two flashlight batteries.
Electric motor and 3 potentiom-
eters mounted on die-cut box.
Answer mdlcated on dlal 20"
long, 9”7 wide, 2”7

Stock No. 70 3a1s. 514 95 Ppd.

WOODEN
SOLID PUZZLES

Here’s a fascinating assortment of
12 different puzzles to provide
hours of pleasure and stimulate
ability to think and reason. Ani-
mals and geometric forms. Take
them apart and reassemble them.
Lots of fun for the whole family —
young and old. Will test skill,
patience and ability to solve prob-
lems. Order yours now.

Stock No. 70,205S...5$3.50 Ppd.

AMAZING
NEW HOLOGRAMS

Almost unbelievable new 3-D
photo-technique for small cost.
Simple transmission-type holo-
gram (on film and glass) result of
splitting laser beam. Dimension
appears carved in stone. Cut in
half repeatedly —parts still con-
tain full scene. Use slide projector
light source or flashlight bulb fila-

(47x3%”)..........$11.00 Ppd.
2"x1% pd.

$4.50 P
Stock No '40,984S (ON GLASb)
@7 x5 . ..$30.00 P

WORKING MODEL
DIGITAL COMPUTER

Solve problems, teach logic, play
games with miniature version of
giant electronic brains! Adds, sub-
tracts, multiplies, shifts, LOIH{)I(-“-
ments, carries, memorizes. Colored
plastlc parts easlly assembled. 12” x

31%”x434”. Incld. step-by-step as-
sembly diagrams, 32-p. instruction
book covering operation, computer
language (binary system) pro-
gramming, problems & 15 experi-

ments.
Stock No. 70,683S...55.98 Ppd.

Hazard and Sergio Rabinovich in
Nature, Vol. 211, No. 5050, pages
720-722; August 13, 1966.

MEeTaBoLic RESPONSE OoF THE HosT TO
StapHYLOCOCCAL INFECTION. Tan M.
Smith in Annals of the New York
Academy of Sciences, Vol. 128, Arti-
cle 1, pages 335-350; July 23, 1965.

StapHYLOCOCCUS PYOGENES AND ITS RE-
LATION TO Disease. Stephen D. Elek.
E & S Livingstone Ltd., 1959.

STUDIES IN SELF-ESTEEM
ANTECEDENTS OF SELF-ESTEEM. Stanley

Coopersmith. W. H. Freeman and
Company, 1967.

THE PracTICE AND THEORY OF INDIVID-

uAL PsycHoLogy. Alfred Adler. Trans-
lated by P. Radin. Harcourt, Brace &
Company, Inc., 1924.

SOCIETY AND THE ADOLESCENT SELF-
MAGE. Morris Rosenberg. Princeton
University Press, 1965.

THE MIGRATION
OF POLAR BEARS

THe InntoBILIZATION OF CAPTIVE WILD
ANIMALS WITH SUCCINYLCHOLINE: II.
Warren R. Pistey and James F. Wright
in Canadian Journal of Comparative
Medicine and Veterinary Science,
Vol. 25, No. 3, pages 59-68; March,
1961.

THE PoLAR BEAR: A MATTER FOR IN-
TERNATIONAL CoxcERN. Vagn Flyger
in Arctic, Vol. 20, No. 3, pages 147—
153; September, 1967.

PROCEEDINGS OF THE FIRST INTERNA-
TIONAL SCIENTIFIC MEETING ON THE
PoLar Bear. U.S. Department of the
Interior and The University of Alaska,
1966.

Tie WorLD oF THE PoLAR BEar. Rich-
ard Perry. Cassell & Company Ltd;
1966.

GET FREE CATALOG | o

MATHEMATICAL GAMES

CATALOG “S” |
Completely new
1968 Catalog. 148 |

Fixite GrapHS AND NETWORKS: AN
INTRODUCTION WITH APPLICATIONS.
Robert G. Busacker and Thomas L.
Saaty. McGraw-Hill Book Company,
1965.

GrarHS AND THEIR USES. @ystein Ore.
Random House, 1963.

THE THEORY OF GRAPHS AND APPLICA-
Tions. Claude Berge. John Wiley &
Sons, Inc., 1962.

\/
NICKEL-CADMIUM BATTERY
BARGAINS

pages packed v
with nearly 4,000 | ==
unusual bar- |

gains. Exciting
new categories. I
Many new items.

IT'S HERE—BIG, NEW
DIGICOMP m

Mony *hardrte: | Terrific value—used government If you think DIGICOMP I was
| surplus. Quick-charge,lightweight something—wait’til youuse DIGI-

6-volt nickel-cadmium battery. 4- COMP II! Loads of fun! Terrific

amp. hour capacity. Almost un- challenge! Actually works like
limited life. Charges in 1 hr. w/ electronic digital computer but
Edmund Charger Kit. Hundreds needs no power. Adds, subtracts,
of uses. Few drops of water yearly multiplies, divides, memorizes.
for full maintenance. Minimum of P‘lrstmechamLalLomputerw/auto
electrolyte-sealed to prevent loss. switch action. First model de-
Delivers nearly 100% output at signed for programming. Speed
below freezing. Five vented 1.2 reduced by factor of million to 1-
volt cells. 3167x2"x6". you can see what’s happening.
ock No. 70,9428 Demonstrates ‘new’ math, com-

|

|

|

|

|

|

I illustrations.

| get war surplus bargains. Enor-
I mous selection of telescopes, I
I
|
|
|
|
|
|

microscopes, binoculars, mag-
nets, magnifiers, prisms, photo I
Lomponents etc. For hobby-
ists, experimenters, workshons '
factories. Shop by mail.
salesman will call. Write tor |
Catalog *‘S’’ to Edmund Scien-
tific Co., 300 Edscorp. Bldg.,
Barrington, N. J. 08007.

!
|
2 .
|

NAME (batte Yoo $15.00 Ppd. puter techniques. Perfect fun way
ADDRESS tock No. 41,1098 for all agles ltjcla learn about comput-
: - (1.2V Cell) $3.95 Ppd. ers-invaluable in ‘computer age’.
CITY —— tock No, P 14” x 29” x 2”. Red & white ma- THE AMATEUR SCIENTIST
| 1 _” e ' (Charger K .$8.00 Ppd. sonite. Fully illus. instr. manual.

Stock No. 70,946S
(Intro. Price).......$16.00 Ppd.

DER BY STOCK NUMBER » SEND CHECK OR MONEY ORDER » MONEY-BACK GUARANTEE

EDMUND SCIENTIFIC CO. 555.275% New Jeasey oso0r
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"AN InTRODUCTION TO TRANSISTOR CIR-
cuits. E. H. Cooke-Yarborough. In-
terscience Publishers, Inc., 1960.
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Not all computers are big, bulky
stand-offish machines that hide in some
lonely far-off room.

Now Univac introduces the newest
member of its 9000 family, a powerful
medium-size, low cost, real-time computer
system—the UNIVAC® 9400.

When you want information about
your business, our new 9400 computer
system delivers answers immediately, to
virtually any number of places at the
same time.

The UNIVAC 9400 can display
information on a television screen. Or you
can get it in writing on our high speed
printer at up to 1600 lines a minute. It
can handle tape or cards, talk to major

computers like our UNIVAC 1108 real-time
system or to basic computers like our
UNi1vac 9200 and 9300.

And while the UN1vAc 9400
computer is doing all this, it will find time
to update your records, care for your
payroll, inventory, and lots more. In fact,
it can do five main programs at the
same time.

The 9400 can do this because it has
a “Supervisor” program to control
different assignments, a “Time Slicer”
to make sure each program gets its fair
share by priority and disc systems for
direct, random access.

Any way you look at it, the 9400 is a
pretty remarkable system. It gives you

more system for the money. And as your
company grows, it can grow with you.

Like our 9200 and 9300, it is part of
a compatible group of systems called the
UNIVAC 9000 series, that have been
carefully planned to work with each other
—and with others still to come.

If you’re ready to move up from a
‘“basic” computer system, please call
Univaec.

The voice that answers will be
human.

UNIVAC

Univacissavingalot of people a lot of time.
<=-SPERRY RAND

‘The voice at the other end
of this telephone 1sn't human.

W e

If you've never talked to a computer before, we'd like to introduce you.

T -

T



copper developments

911/7

Instant access to world copper technology. The copper and brass
industry is meeting the growing demand for scientific, technical, and
application data on copper and its alloys through a unique world
information center. Using advanced computer techniques, the industry
can now put new information to use as fast as it develops. The
findings of a corrosion study in Tokyo . . . new machining data from
Detroit . . . reports on electrical conductivity from a seminar in
Dusseldorf . . . and all other available data are collected, evaluated,
indexed, and stored for quick retrieval and use by the copper and
brass industry and its customers.

ONLY COPPER
AND ITS ALLOYS COMBINE
THESE ADVANTAGES . . .

« Best electrical and thermal
conductivity « Very good spring
properties « Superior corrosion

resistance - Excellent joining, Published and unpublished documents on copper are evaluated by specialists in

plating, polishing and finishing industry. Extracts are then prepared and indexed for rapid retrieval by the latest
. High ductility - Outstanding computer techniques at the Columbus Laboratories of Battelle Memorial Institute.

Data sheets, reports and answers to specific questions are prepared for engineers

machinability + Wide range of who use copper, brass, and bronze. For assistance or descriptive folder, write:

colors « High salvage value.

Copper Development Association Inc., 405 Lexington Avenue, New York, N.Y. 10017
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