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pick a
jet:

CHOOSE YOUR
AEROTHERM™ SEAT

BY.

O

Each of these modern commercial aircraft is equipped with
the latest in UOP’s Aerotherm seat designs for optimum
passenger comfort and safety. And for greater airline profits.

Leading domestic, national and international air carriers
turn to UOP for new passenger seat designs to best meet
individual needs. We're pleased to help. In fact, we think we
make the best passenger aircraft seats in the industry. Lots of
engineering ingenuity and innovation—seats which empha-
size comfort—and safer seats, with better energy absorption
characteristics. That's why UOP’s Aerotherm seats are now
used by many of America’s largest airlines. We're working
on the others right now. The regional carriers, too.

Improved transportation equipment is another example of
UOP’s contribution to technological progress, ranging from
the control of air pollution to the development of highly
advanced petroleum processes. UOP, 30 Algonquin Road,
Des Plaines, Illinois 60016.

keep your eye
on the
growing UOP
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Beware
the

paper tiger.

Tread carefully through the
jungle of roaring promises. You can
get nipped on some Fortran IV
claims.

But you can trek on confidently
with NCR’'s Fortran IV. You have

more mathematical formulation flex-

ibility with NCR's one-pass Fortran
IV than with any other version. And
our customers have established a

cost-per-statement of only three-

tenths of a cent.

Specifically, NCR offers un-
limited variable name structure.

Use as many characters as you like

in commands. You don’t have to ab-

breviate. In fact, every individual
element of NCR's Fortran IV meets
or exceeds standards established
by ASA X3.4.3. Like N-dimension
subscribing.

An Executive monitor system se-

3

quences read, compile, library, and
run processing without operator
control or intervention, and per-
forms them in any order. And han-
dles the assignment in jig time. On
the RMC, you compile at 250 state-
ments per minute.

NCR is the king of the jungle in
other areas of scientific software
too. It's no empty roar when we say
we have off-the-shelf linear program-
ming, multiple regression analysis,
time series analysis, PERT, sales
forecasting and order analysis, sta-
tistics library, engineering library,
and Fortran Il. And we have them to-
day, right now, for the RMC, the
315, and the 315-100.

So get the real story. Call your
NCR man, or write NCR, Dayton,
Ohio 45409 for full information.
Don't let the paper tiger get you.

THE NATIONAL CASH REGISTER COMPANY, DAYTON, OHIO 45409 ®

© 1966 SCIENTIFIC AMERICAN, INC




IT WILL
TAKE A LOT
OF NEW IDEAS
TO REVEAL
ITS SECRETS

New ideas in ocean systems integrating acoustics . . .
data acquisition . . . information display . . . computer
technology . .. and communications,

This is the challenge Sanders is meeting, and offers you.

In ocean surveillance and exploration, Sanders has already
carried a number of new system ideas to sea. Among
them are deep sea data acquisition systems.

Such systems utilize Sanders advanced, solid state power
packs and encompass solid state transmitters, receivers
and antenna subsystems in the HF to UHF bands. Their
function? To supply a continuous flow of vital information
on subsurface objects, temperatures, pressures, currents
and other constantly changing factors.

Acquisition and analysis of this information facilitates

An equal opportunity employer M and F

TO
SCIENTISTS
AND
ENGINEERS

advance placement of antisubmarine warfare defenses and
permits oceanographers to compute the fastest shipping
lanes.

If you enjoy working with new ideas in ocean systems or
seek a career in long range communications, information
display or any other demanding field of Sanders activities,
we would like to hear from you.

Learn how Sanders unique capability in advanced electronic
systems helps man to better protect himself and develop
the greatest reservoir of resources on this planet — the
ocean. It's all in our corporate brochure. Write for your
copy today. Sanders Associates, Inc., Corporate Informa-
tion Service, Nashua, New Hampshire 03060. Phone: 603-
883-3321.

*T.M., Sanders Associates, Inc,

SANDERS ASSOCIATES, INC. ¢

Creating New Directions in Electronics G
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GWHE’S

...the most wanted feature on record
player units today is now available in
models from $54.50...a revolutionary de-
velopment! The Garrard cueing controls
eliminate the danger of accidental dam-
age to records or stylus through manual
handling; work three ways:
1. To lower the tone arm gently to the
record without manual handling.
2. To pause (and then continue when
ready) during single or automatic play.
3. To locate any record groove accu-
rately and safely.

Built-in cueing controls are featured
on three of Garrard’s new automatic
turntables:

50 MK 11
—3$54.50
with manual
Pueing and pause
control lever built

into the tone
arm system

with manual
Deing and pause
control lever built

into the tone
arm system

AB 80 Mk 11
—$99.50
with exclusive
draulically operated
cueing tab control
conveniently built into
the tone arm rest

These are three of five Garrard Automatic Turn-
tables just introduced. For complimentary copy of
new Comparator Guide describing all models,
write Garrard, Dept. GS-426, Westbury, N.Y. 11590.

THE COVER

The painting on the cover shows a small part of a three-dimensional model
of the molecule of lysozyme, the first enzyme whose complete molecular
structure has been worked out (see “The Three-dimensional Structure of an
Enzyme Molecule,” page 78). The model is shown overall on pages 80 and
81. On page 82 is another detail of the model showing how the lysozyme
molecule fits the molecule of its substrate: the substance on which it acts.
The model was built by David C. Phillips and his colleagues at the Royal
Institution in London. The red balls on the cover are two of the four oxygen
atoms that play a special role in enabling the enzyme to cleave the substrate
molecule. The green rods show the arrangement of carbon atoms in the
main polypeptide chain of the enzyme molecule; the yellow rods trace the
carbon atoms in the side chains. The blue rods are nitrogen atoms, the red
oxygen atoms, the orange sulfur atoms and the gray rods hydrogen bonds.
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NewAlcoa research
paper evaluates
methods of testing
weldments for
susceptibility

to stress-corrosion
cracking.

Practically all commercial aluminum
alloy weldments are resistant to
stress-corrosioncracking. However,
the search for ever-stronger alumi-
num alloys, such as for armor plate,
leads investigators into complex
alloy systems for which the resist-
ance to stress-corrosion cracking is
a necessary consideration.

What causes stress-corrosion
cracking?

Change for the better with
Alcoa® Aluminum

Stress-corrosion cracking is
cracking that is initiated by localized
corrosion synergized by sustained
tensile stress at the surface.

According to the theories devel-
oped by Alcoa in 1940 and 1944,
stress-corrosion cracking of alumi-
num alloys begins at the grain
boundaries of the metal. Hence,
stress-corrosion cracking of alumi-
num alloys is characteristically
intergranular. Stress-corrosion
cracking can occur when three
conditions are present:

Susceptible composition and
metallurgical structure * High
tensile stress at the surface *
Specific environment

Alcoa’s basic research in stress
corrosion and tests of new alloys and
applications have employed various
methods of testing weldments. Our
evaluation of these methods, as well
as test results, is presented in a new
17-page paper. The investigated
techniques for applying tension

include the use of both constant-
load and constant-deformation
methods. Four types of specimen
are evaluated: simple beam, U-bend,
tensile specimen and residual-stress
specimen. Besides evaluating test
methods, the paper also includes
the results of testing seven struc-
tural alloys, including three from

the 7000 series, as well as five weld-
filler alioys. This paper documents
another addition to the thousands

of man-years that Alcoa has spent
on aluminum research.

When you want authoritative
answers about aluminum, come to
Alcoa.Wouldyou like to learn more
about testing weldments for stress
corrosion? Write Aluminum
Company of America, 904-L Alcoa
Building, Pittsburgh, Pa. 15219. Ask
for the paper Evaluation of Various
Techniques for Stress-Corrosion
Testing Welded Aluminum Alloys by
M. B. Shumaker, R. A. Kelsey,

D. O. Sprowls and J. G. Williamson.

BALCOA
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Add 60 remote terminals. Or even 63. Put one

HOW tO make at your desk. IBM SYSTEM/360 suddenly be-

comes your personal system, available on de-

mand, wherever you are. At one time, up to 63
One S i STEM /360 people become independent of computer room

schedules and batch runs. One SYSTEM/360

working like sixty in your company.

work like Sixt)fo Time-sharing SYSTEM /360 with RACS

The IBM RACS program (Remote Access
Computing System) helps make this kind of
time-sharing possible. RACS is the link between
your terminal and the computer. And it works
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anywhere. Anywhere you install a 1050 type-
writer terminal or a cable-connected 2260
Display Station...or both.

Think about it: intermediate-sized SYSTEM/
360 Models 40 and 50 handling up to 63 termi-
nals. And Model 30 accepting 14 terminals.

A people-oriented system

But whatever the size of your SYSTEM/360,
more people can solve more problems in a work-
ing day. And solve them faster than ever be-
fore. In seconds. Even with other terminals in
action at the same time.

You don’t have to be a programming special-
ist to get answers. You can use simple English
to converse with computer programs ; they solve
your problems while you describe them.

If you don’t need continuous conversation,
type in all your data at once and let the com-
puter batch-process the job.

At this moment a prototype of RACS is work-
ing with SYSTEM/360 Models 30, 40, and 50.
It has been for more than a year, providing re-
mote computing for several hundred engineers.

Put RACS to work for your company.

The wait-free computer is here.
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RHENIUM LETTERS

Its Effect on the

Mechanical Properties

of Refractory Metals
by David P. Parker
Modern technology is creating the
need for structural materials in elec-
tronic, nuclear, and aerospace systems
with melting points in excess of
4000°F. Refractory metals such as
tungsten and molybdenum have be-
gun to meet these requirements. How-
ever, these materials have specific
inherent deficiencies which limit their
usefulness. Tungsten and molybde-
num become “‘glass brittle”” when re-
crystallized and form fragile welds.
These metals also undergo*‘ductile-to-
brittle” transitions at temperatures
which preclude their fabrication at
room temperature and limit their ser-
vice. It was recently discovered that
these shortcomings can be minimized
or eliminated with alloying additions
of rhenium.

Rhenium is unique among the re-
fractory metals. It has a hexagonal-
close-packed crystal structure, is duc-
tile when recrystallized, forms strong,
ductile welds, and exhibits no “duc-
tile-to-brittle” transition. In certain
situations, pure rhenium is ideally
suitable. However, it is in shorter
supply and more expensive than tung-
sten and molybdenum. To take full
advantage of both the desirable phy-
sical properties of rhenium and the
more plentiful supply of tungsten and
molybdenum, alloy systems of these
materials were investigated. Among
other things, the ductilizing effect (see
graph) of rhenium on molybdenum
was shown.

Effect of Rhenium on the Ductile-To-Brittle
Bend Transition of Molybdenum.

T

MINIMUM BEND &4

Rhenium-molybdenum and rhenium-
tungsten alloys have, to a large extent,
overcome the problems inherent in the
pure metals. Rhenium and its alloys
are now available in commercial quan-
tities as powder, salts, ingots, rod,
wire, sheet, foil, ribbon, tubing and
formed parts. For additional informa-
tion write:

RHENIUM DIVISION

CHASE BRASS & COPPER CO.
28850 AURORARD, . » SOLON, OHIO 44139

Sirs:

Congratulations on an excellent pre-
sentation of information processing in
your September issue.

In spite of its high quality, it seems
to me that the presentation points up
a need for ready access to information
about the topic and about developments
both past and present.

Thus in relation to developments of
the past I note that John McCarthy says
that Howard Aiken and I developed
relay computers in the late 1930’s. In
point of fact, Aiken’s Mark I (opened
to the public in 1944) was not a relay
computer but used the standard IBM
rotary decimal switches as “accumula-
tors.” There were several relay com-
puters of earlier date, including one put
into service at the Bell Telephone Lab-
oratories in 1939 and demonstrated over
telephone lines between Hanover, N.H.,
and New York in 1940. This very in-
flexible device used Boolean logic and a
binary-coded decimal system (the “ex-
cess-3” code). Others of the Bell Labora-
tories series were put into service be-
tween 1941 and 1946, and were also
Boolean devices utilizing relays. They
introduced the “bi-quinary” code, self-
checking circuits, taped programs and
data, the floating decimal and other
features.

As an instance of present develop-
ments that were not included in the
comprehensive survey, I mention the
extensive work in applications of com-
puters to medicine that is in progress in
many centers. In consideration of the
number of people affected and the vital
import of the effect on them, it is my
opinion that medical applications rank
very high among the uses of the com-
puter. Yet aside from a mention of com-
puter listing of medical topics I find no
reference to this work.

Through personal contact at the Dart-
mouth Medical School, T happen to
know of computer work on models of
the kidney, of the urethra, of the perfu-
sion of blood, of neuromuscular systems
simulating nonlinear functions such as
self-optimization, control, sexual re-
sponse and others, as well as work in the
clinical in-line computation of radiation-
therapy dosage. The kidney problem is
receiving attention at the University of
Michigan, at Tufts University and per-

| haps elsewhere. The dosage calculation
[ has been programmed at the University

© 1966 SCIENTIFIC AMERICAN, INC

HYSTERESIS BRAKES &
CLUTCHES BY MAGTROL
for precise control of

SPEED

TENSIONING

LOAD SIMULATION

ANTI-BACKLASH

® absolute precision

¢ infinite variability,
infinite repeatability

longest life

® from 2 oz. inches
to 100 inch Ibs.

Write or phone for new 20-page refer-
ence booklet containing hysteresis
principles and applications, unit speci-
fications and performance charts. Ask
for booklet HCB.

MAGTROL

240 SENECA ST. e BUFFALO, N.Y. 14204
716 — 856-7451



of Cincinnati, at Tulane University and
at other centers. At still other centers, in-
cluding those maintained by IBM and
the General Electric Company at least,
computers are being applied to aspects
of diagnosis, of blood flow and of the
analysis of electrocardiograms and elec-
troencephalograms.

Finally, I hope your readers are not
misled into thinking that developments
such as time-sharing are taking place
at only one center. An excellent time-
sharing system has been developed, and
is being extended constantly, under the
direction of Professor Thomas Kurtz at
the Dartmouth Computing Center. For
several years this facility has enabled
up to 30 or more users to operate si-
multaneously, from stations scattered
about and beyond the campus.

GeoRrGE R. STiBITZ

Dartmouth Medical School
Hanover, N.H.

Sirs:

Anthony G. Oettinger’s article “The
Uses of Computers in Science” [ScIEN-
TIFIC AMERICAN, September] is a lucid
and stimulating review of the actual and
potential uses of large digital computers
in linking experiment and experimenter.
When he comments on approaches to
artificial intelligence, however, he is
guilty of a rather crass non sequitur. He

Scientific American, November, 1966; Vol. 215,
No. 5. Published monthly by Scientific American,
Inc., 415 Madison Avenue, New York, N.Y. 10017;
Gerard Piel, president; Dennis Flanagan, vice-
president; Donald H. Miller, Jr., vice-president
and treasurer.

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

Advertising correspondence should be addressed
to Martin M. Davidson, Advertising Manager,
ScieENTIFIC AMERICAN, 415 Madison Avenue,
New York, N.Y. 10017.

Subscription correspondence should be ad-
dressed to Jerome L. Feldman, Circulation Man-
ager, SCIENTIFIC AMERICAN, 415 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. 94104.
For each offprint ordered please enclose 20 cents.

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

Subscription rates: one year, $7; two years, $13;
three years, $18. These rates apply throughout
the world. Subscribers in the United Kingdom may
remit to Midland Bank Limited, 69 Pall Mall, Lon-
don SW 1, England, for the account of Scien-
tific American, Inc.: one year, two pounds 11
shillings; two years, four pounds 14 shillings;
three years, six pounds 10 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.

QUESTAR TAKES TELESCOPIC MOVIES

| We’ve been saying for years that a heavy movie camera attached to the miniature Questar would be like the tail
wagging the dog, and to couple and support such a combination, most difficult. But now we are eating our words—tail
and dog are in beautiful balance with our new Camera Cradle shown here with Questar and Beaulieu 16 mm. A
Questar C-Mount Adapter makes the connection. Cradle is adjustable for all cameras and adapts also to the New
Field Model Questar. Here it is shown mounted on our Linhof Heavy Duty Professional Tripod and Pan Head.

““Capturing Questar’s superb resolution on
movie film is very exciting work!”’ This comment
is from the Davises in Sarasota, Florida, who
have been doing some experimental work with
their Questar and the Beaulieu 16 mm. ‘“Using
Questar with a suitable movie camera can be
completely successful,” they said, ““if one remem-
bers that with Questar’s enormous magnification
the problems of vibration and ‘seeing’ conditions
must be dealt with, just as in high-resolution still
photography.”

They approve our Camera Cradle solution to
the heavy camera problem and suggest that tele-
scope and camera be coupled as closely as possible,
also that pictures be taken in bright sunlight, with
Plus-X and Ektachrome E.M.S. the most satis-
factory films, at 16 and 24 frames per second for
general work. Further, they point out that a pre-
cision-made tripod designed for cine photography
is mandatory for such high powers.

The Questar C-Mount Adapter is designed to
provide minimum separation between ’scope and
camera. This promotes rigidity, makes possible a
lower F-stop, permits shorter exposures and finer
grain emulsions, and enhances image brightness,
thereby making sharp focusing easier. The
adapter will fit all 16 mm. cameras.

The Davises found Questar’s finder system
extremely useful in locating and identifying the
objects to be photographed. With a little practice
they were able to find their subject and refocus
quickly in the camera.

We are proud now to add the Beaulieu 16 mm.
movie camera to our growing list of superbly
crafted and suitable accessories that not only
enhance the enjoyment of the Questar telescope
but more fully utilize its superb optical system.

Yellow-shafted flicker
on its nest in dead
palm, photographed
with Questar-Beaulieu
combination at 150’ on
Plus-X 16 mm. nega-
tive film (to permit en=
largement). Cover shot
made with25 mm. lens.,

WORLD’S FINEST, MOST VERSATILE SMALL TELESCOPE. FROM $795.
SEND ONE DOLLAR FOR 40-PAGE BOOKLET TO ANYWHERE IN NORTH
AMERICA. BY AIR TO REST OF WESTERN HEMISPHERE, $2.40, EUROPE

AND NORTH AFRICA, $2.50, AUSTRALIA AND ALL OTHER PLACES, $3.50. BOX 20, NEW HOPE, PENN, 18938
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So if you have a problem involving moving fluids . . .
or moving in fluids . . . call us. Pracucally 3115’W11cre .
there’s a unique answer to a fluid moving problem. ..

¥ FRANKLIN'S
AT THE BOTTOM OF IT

FRANKLIN ELECTRIC CO. INC. BLUFFTON, INDIANA
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| states: “Whether or not such systems, if
they are achieved, should have anything
like the structure of the human brain is
as relevant a question as whether or not
flying machines should flap their wings
like birds.”

Inasmuch as nonflapping flying ma-
chines have been with us for some time,
whereas systems meriting the “intelli-
gent” epithet are still quite some dis-
tance away in the future, it simply does
not follow, as Oettinger seems to sug-
gest, that we are now in possession of
the necessary hindsight to sneer at the
computer equivalent of the flapping
wing. I submit, on the contrary, that we
are at the very beginning of the road
to artificial intelligence—roughly where
flying stood when Leonardo da Vinci
wrote: “A bird is an instrument work-
ing according to mathematical law,
which instrument it is within the ca-
pacity of man to reproduce.”

The view implied in Oettinger’s dis-
missal of brain analogies, that we have
already reached the ultimate (or near
ultimate) in computer organization and
hardware and that all the remaining
problems lie in the field of program-
ming, is completely unwarranted and
indeed naive. The tedious complexities
of even the most advanced program-
ming language are such that, in the
words of another of your contributors,
Christopher Strachey, “the whole thing
is [close] to collapsing under the weight
of its own complexity.” Strachey states:
“The present-day computer is itself a
stumbling block to the use of programs
that are written hierarchically.”

Present-day computer organization is
a stumbling block to a great many oth-
er things besides hierarchical program-
ming, and further radical developments
in components, memory and, above all,
organization not only are certain to take
place but also are indispensable if we
are to get within hailing distance of
machine intelligence.

It is not my purpose here to outline
those approaches to artificial intelli-
gence not wedded to serial, digital com-
puters. The argument is essentially be-
tween those who maintain (as a leading
exponent of the digital approach main-
tained to me) that “a thousand neurons
equal one crummy flip-flop” and those
who believe in effect that a thousand
flip-flops equal one crummy neuron.

It is far too early in the game to
be dogmatic. The fast, versatile digital
computer is here; let us see what can
be done with it. Those who are looking
at biological prototypes for inspiration
(even the human brain, horribile dictu)
will not deny the programmers their



One of our 289 phosphors told us so.

It can fight counterfeiting—by identifying documents depend-
ably and securely. Other phosphors can illuminate safety and mark-
ing devices. Or study and trace air currents. Mark postage stamps for
automatic sorting. Or be used in plastics to make objects glow without
electricity.

Sylvania has been making phosphors for 25 years. Today, we’re
one of the world’s leading producers. Mostly, our phosphors go into
lamps, TV tubes, readout systems and photocells.

We're also a leader in tungsten and molybdenum, special chemi-
cals and semiconductor materials. We’re hard at work on many
advanced developments. How about your product development?
Maybe we can help you solve some problems.

Sylvania Electric Products Inc., Chemical & Metallurgical Divi-
sion, Towanda, Pennsylvania 18848.

SYLVANIA

SUBSIDIARY OF
GENERALTELEPHONE & ELECTRONICS rE‘E
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2e
l FREE! $2.00 VALUE! Send for your free
| copy of the latest edition of The Fisher

The Fisher
HANDBOOK

Name

Handbook. This revised and enlarged ver-
sion of the famous Fisher high fidelity ref-
erence guide is a full-sized 80-page book.
Detailed information on all Fisher compo-
nents is included.

Fisher Radio Corporation
11-35 45th Road,
Long Island City, N. Y. 11101

Address

——————————-—J

Zip.

City State

IMPORTANT STUDY OF
NEW OPPORTUNITIES
FOR CHEMICAL
INDUSTRIES IN ST. LOUIS

If you are a decision-maker in the
chemical processing industry, this
book should be in your hands.
It contains detailed information
about existing chemical and
chemical-related processindus-
tries in the St. Louis area, plus a
valuable analysis of potential op-
portunities. Complete with maps,
tables and charts.
Prepared for the Industrial De-
velopment Division of Union Elec-
tric by a consulting engineering
firm, specialists in the chemical
_industry. No cost or obligation.
MAIL TO:
Mr. Arthur G. Baebler, Manager
Industrial Development Division
Union Electric, St. Louis, Mo. 63166
Name
Address

City State

|
|
|
|
I
|
|
UNION |
|
|
|
|
!

Zip Code

ST. LOUIS

Memb Plant Location Assistance
embey Nationwide Network

6111

s o —— — ——— — ————————— — — — ]

-

Deep Sky Photography with

The Celestron 10

Schmidt Cassegrain Telescope as shown
here equipped with astro camera adap-
tor and the Celestron 4 Guide Scope.
You will be able to capture on film
exquisite details of the moon and
planets at exposure times of 1/10 to
1/100 second. For deep sky exposures
of faint nebulae, the Celestron 10 is
guided with a Celestron 4 Guide Tele-
scope at typical magnifications of 600X.
Visually or photographically, the Celes-
tron 10 is the ideal telescope for
educational institutions or the serious

amateur astronomer,

""Observational Astronomy’”’ — a complete
lab manual — free to educational institu-
tions,

For more details on the Celestron 10 and

other telescopes from 4” to 36” write to:

Celestron Pacific

13214 Crenshaw Blvd., Gardena, Calif.
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early and impressive successes. (Impres-
sive in terms of intellectual effort going
in rather than in intelligence coming
out, I should say.) It is of more than
purely historical interest to note that
the fathers of the modern digital com-
puter, from Norbert Wiener and John
von Neumann down, were themselves
heavily influenced by brain and neuron
analogies, which later neurophysiology
has shown to be quite false. Neverthe-
less, these analogies served an undenia-
bly fruitful purpose. Is it unreasonable
to hope that, from the far more detailed
and rapidly expanding insight now
available on biological modes of infor-
mation processing, similarly powerful
inspiration will be drawn by those work-
ers in artificial intelligence who are
not willing to concede the distinctions
between “hardware” and “software,”
“memory” and “processor” and other
artifacts of barely 20 years of machine
evolution, following on the heels of a bil-
lion years of intelligence evolution?

T. P. Broby

Westinghouse Electric Corporation
Pittsburgh, Pa.

Sirs:

I enjoyed “The Uses of Computers in
Science,” by Anthony G. Oettinger. For
what it’s worth, I present the following
observations on parsing pathological
sentences such as “Time flies like an
arrow”:

Time Flies Like an Arrow:
An Ode to Oettinger

Now, thin fruit flies like thunderstorms,

And thin farm boys like farm girls
narrow;

And tax firm men like fat tax forms—

But time flies like an arrow!

When tax forms tax all firm men’s souls,

While farm girls slim their boyfriends’
flanks;

That’s when the murd’rous thunder
rolls—

And thins the fruit flies’ ranks.

Like tossed bananas in the skies,

The thin fruit flies like common yarrow;
Then’s the time to time the time flies—
Like the time flies like an arrow.

Episox B. SCHROEDER
International Business Machines

Corporation
Chicago, Ill.



Optical Alignment at OTI

-

How many companies

make a compact, rugged

foolproof, time-tested,
guaranteed continuous
gas laser, hard at
work in over 1,000
locations...yet costs
less than $3007?

Just one.

QEM Application at Beckman-Spinco

Optics Technology. We make it, and call
it the Model 170—a small, long-life laser,
out in the field for more than a year.
How? Know-how. After all, we've been
pioneers in the field since lasers began.
And now the 170 is making history in five
major areas:

[ Optical Alignment—Re-reflection of a
straight line made easy. This one shows
alignment of our own Model 130 100
megawatt + Q-switch laser; it works just
as well with camera systems and other
optical components.

[0 Educational—Professor A. L. Schawlow
demonstrates diffraction of a laser beam
to his university Physics class. We back
up the 170 with a unique educational kit
and a textbook (more of both to come).
[0 Systems—That's Lee Groper, at Beck-
man’s Spinco Division, with the 170. It's a
component being investigated for use
with their Model E Analytical Ultra-centri-
fuge. (Actually, we modified it for Spinco
and named it the 171 Detachable Head
Laser—worth a few dollars more, when-
ever continuous on-line use may require

Classroom Demonstration at Stanford

instant head replacement.) Adaptability?
The high-intensity light beam may be
modified, modulated, and focused down
to 0.005”. We'll work with you on systems
applications.

[0 Basic Research—Friden people, such
as Alan Rowland, are using the 170 for
holographic studies—testing a basic con-
cept of data storage. The 170 provides
researchers with an inexpensive source
of basic laser properties: coherence,
extreme intensity, and monochromaticity.
Makes it easy to test feasibility of theo-
ries before investing in a more costly laser.
[0 Mechanical Alignment—Bob Fisher’s
responsibility at Granger Associates is
in experimental optical communications,
utilizing gallium arsenide photoemissive
diodes. But the 170’'s ruggedness and
versatility take it out of the lab, as well.
In railroading, heavy construction, petro-
leum exploration, and other applications
limited only by your own imagination—
wherever a very straight line is required.
What's your application for the 170?
Write:

OPTICS TECHNOLOGY INC

901-90 Calilornia Avenue ® Palo Alto, Calilornia ® 327-86800 (Area Code 415)

in Europe: Oplics Technology Insiruments. Gheni. Baiglum

Basic Research at Friden

© 1966 SCIENTIFIC AMERICAN, INC

Mechanical Alignment at Granger Assoc




Bendix is the kind of

company where researc
covers a lot of ground...
and sea, air and space.

Designing a lab to take to the moon. Soon after the first U.S. astronauts set foot on the moon, they'll place
the Bendix-designed ALSEP (Apollo Lunar Scientific Equipment Package) on the surface. The highly instrumented
package includes equipment for seven basic experiments on the nature of the lunar surface and its environment.

© 1966 SCIENTIFIC AMERICAN, INC



Giving a pilot another set of eyes.
With a Bendix ""Head-Up" display device,
a pilot can see all the flight and landing
information he needs in visual form, at
the precise time he needs it—without

Exploring beneath ocean floors. This is one of the expanding fleet of

lowering his head. Bendix ships th_at conduct seismic wave studies and geophysical exploration
to map potential mineral and petroleum deposits beneath ocean floors.

Helping machines learn. Using a punish and reward process, the
operator is training a Bendix Pattern Recognition Device to classify letters

of the alphabet. Such trainable systems are expected to have applications
in manufacturing, aerospace controls and automation.

Increasing your driving safety.
Bendix keeps this 3-mile, high-speed,
concrete test track in constant oper-
ation at South Bend, Ind., to research
braking systems and dozens of other
parts for car manufacturers and the
replacement market.

© 1966 SCIENTIFIC AMERICAN, INC

The breadth of Bendix research can
make its results all the more far-reach-
ing and significant. Important dis-
coveries or innovations in any single
market we serve—aviation, oceanics,
automotive, automation, space and
missiles—can often be applied to the
others. This kind of scientific and tech-
nical cross-fertilization does interesting
things to ideas. It often improves the
original idea. It leads to new, related
ideas—sometimes to entirely new disci-
plines. And it makes each idea worth
more because it works more. Getting
maximum usefulness from research is
another way Bendix is serving industry
and government...ascreative engineers
... manufacturers . . . and professional
problem-solvers.

WHERE IDEAS
e UNLOCK

RN THE FUTURE

FISHER BUILDING. DETROIT, MICH. 48202

CREATIVE ENGINEERING FOROAVIATION O OCEANICS OSPACEO MISSILESOAUTOMATION O AUTOMOTIVE

I5
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Precision and Quality
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Representative for U.S.A.: Ercona Corporation, 432 Park Avenue South, New York, N.Y. 10016.
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Just as we expected,

Sigma7is 30% faster
than we promised.

When we put the first Sigma 7 together, we found
that its cycle time was 850 nanoseconds.

So why had we promised 1.2 microseconds?

Because we wanted to wait and be sure. And
1.2 microseconds is impressive enough.

So much for cycle time. Sigma 7 is an inte-
grated system of hardware and software, and raw
speed is a poor way to describe how fast it gets
the jobs done.

Take input/output. Most computers have to
take time to do it. Sigma 7 doesn’t. It has two
processors — one for computing, another for
input/output.

Sigma 7 was designed from the beginning to

do real-time on-line control, conversational time
sharing, batch processing, and high-speed input/
output all at the same time. With full protection
for everybody. And every job done as fast as the
user wants it done.

We’re delivering both hardware and software
a little ahead of schedule. Two Sigma 7’s in our
plant are busy full time checking out software.
When you get your software packages youknow
they’ll run.

So far we’re keeping all our
promises. Except the one s D S

Scientific Data Systems,

Santa Monica, California

about the cycle time.
Sorry about that.

17
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Analytical Engineers
CoNVAIR in San Diego, the home of Atlas, Centaur, | ADVANCED DYNAMICS )
and a broad spectrum of widely acclaimed aero- =~ Lead engineer for aerothermoelastic

space programs, is currently engaged in develop-

Specific Openings in Dynamics:

and dynamic loads analyses of re-entry
vehicles; aeroelastic loads, flutter, and

ment of new space-vehicle technologies for the *70s | acoustic analysis of advanced aircraft;

and '80s.

nuclear blast studies and dynamic

The work here will result in substantial rewards = analysis of viscoelastic materials for

to those who can contribute original thinking and
fresh approaches in a field which is limitless in its

challenge.

advanced strategic missiles.
CONTROL DYNAMICS

Analysis of stability and transient re-
sponse of large space boosters in the

Well-funded, identified projects are available now | presence of propellant sloshing, elas-

—some on an independent research basis—for am-
bitious, enthusiastic engineers who have a particular
interest in creating the new technologies which must
be applied to interplanetary space vehicles.

tic bending modes, and non-linear
servo characteristics.
STRUCTURAL DYNAMICS
Dynamic loads analysis of large elas-
tic space boosters responding to at-

We need analytical engineers in the fields of aero- | mospheric turbulence, and engine

ballistics, aerodynamics, dynamics, guidance analy-

sis and thermodynamics.
Come to CONVAIR . ..

Where the Magic of Aerospace Unfolds

GENERAL DYNAMICS
Convair Division

San Diego, California

An Equal Opportunity Employer

Two books,
essential reading
for every economist,

by WASSILY

LEONTIEF

“Wassily Leontief has brought the
facts of economic life within the
grasp of theory: economics now
becomes a technology as well as
a science.”— GERARD PIEL

Essays in Economics
Theories and Theorizing

“The publication of a collection
of Professor Leontief’s important

. contributions to economic the-
ory and methodology is long over-
due. T am sure that all economic
theorists will read them with
profit.”— HARRY JOHNSON, Univer-
sity of Chicago $6.00

Input-Output Economics
“INpUT-OUTPUT ECONOMICS . . .
develops an idea I have long been
interested in, and I am delighted
that he has put it into such defini-
tive shape. It should be required
reading for economists and other
social scientists all over the world.”
— STUART CHASE  $8.50

At all bookstores

New York

lavender and orange vi-
brate, float and pulsate
.. in this Op Art work.
. Defies the eye—delights
" the senses. 3.50
Dog
Portraits. 32 popular
breeds in a new, octa-
gonal puzzle — Rich,
red background, Ac-
curate, beautiful —
from Beagle to Bor-
0. $3.50

- __
OXFORD UNIVERSITY PRESS 'L | v s -
b S T

ignition; establishing vibration and
acoustic design and test parameters
for launch vehicle systems and com-
ponents.

Please send a detailed resume to Mr.
J. J. Tannone, Supervisor, Profes-
sional Placement and Personnel,
GENERAL DYNAMICS,CONVAIR
DIVISION, 5575 Kearny Villa Road,
San Diego, California 92112.

PR

/w%#mk

puzzles |

A Renaissance tondo
by Ghirlandaio from
the Uffizi Gallery in
Florence reproduced

color. Magnificent!
$3.50

Floating Spectrum
Squares of rose, aqua,

Jackson Pollock’s
famous action Wi
painting n_lakcs THE

DIFFICULT JIGSAW
PUZZLE. $3.50 ¢ Comvergence

SEND FOR FREE CATALOG OF
OVER 50 SUBJECTS AVAILABLE

including Ancient e Renaissance e« Modern o
Op Art e Cars e Cats e« Nature e Shakespeare

$3.50 At Better Department, Gift,
Stationery and Book Stores
or $3.50 ea. plus 50¢ postage & handling to:

SPRINGBOK EDITIONS
Dept. SA3. 500 Fifth Avenue, N.Y.C. 10036
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NOVEMBER, 1916: “Germany and
her allies have lost in military availabil-
ity eight million men in round numbers,

| out of a potential strength of sixteen

millions; eight million men are needed
to man the various fronts; and the
monthly loss is about 4 percent of the
whole. The Entente has lost as many as
Teutonia—but out of a conservative po-
tentiality of twenty-eight million. From
about now onward the balance must in-
evitably begin to sway to the final deci-
sion regardless of local successes any-
where. The beginning of the end has
come and arithmetic is not to be

denied.”

“Ever since the discovery of X-rays,
in 1896, scholars have been divided in
opinion regarding their nature. One
school, led by Prof. W. H. Bragg, held
that the rays consisted of high-speed
particles, so small and so fast that they
could penetrate solid bodies. The other
school considered the X-rays to be the
same in nature as ordinary light, ie.,
electromagnetic waves, and the princi-
pal evidence in favor of this view was
the fact that X-rays cannot be bent or
deflected by the strongest electric and
magnetic fields. The question has now
been settled in favor of the wave theory,
and it is a beautiful example of scien-
tific open-mindedness that Prof. Bragg,
the champion of the corpuscular theory,
was one of the first to accept the deci-
sive evidence and has become the chief
exponent of the wave theory which he

so long opposed.”

“The future use of the selenium cell
in astronomy is discussed by M. Fournie
d’Albe in a recent contribution to Sci-
entia. The author finds that a selenium
cell having a surface of 100 square
centimeters would theoretically be ca-
pable of registering the light of a 28th-
magnitude star, which is, of course, far
fainter than any visible in the larger
telescopes. For such observation, how-
ever, an exposure of several days would
be required, and this would be difficult
to accomplish. On the other hand, with
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A 3-D Glimpse
of the Hearing Process
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THE MOVIE shows the basilar membrane as
a ‘‘stereo pair’’ of spiral lines. The sequential
frames shown here represent the motion of
the membrane responding to the sound ‘‘o0”’
in the word “‘too’’ as pronounced by R. C.
Lummis, one of the scientists responsible
for the film.

To view this illustration in 3-D, place a
sheet of paper on edge between one stereo
pair. Position your head so each eye sees only
one image. The pictures should then seem to
converge and appear three-dimensional.

For screen projection, polarized light and
polarized eyeglasses are used to obtain a
3-D image.

THE BASILAR MEMBRANE is a lengthwise
partition in the spiral, fluid-filled cochlea
(figure). Sound, from the eardrum by way
of the hammer, anvil, and stirrup, produces
vibrations in this membrane. The end nearest
the stirrup resonates at the highest audible
tones (approximately 20,000 Hz); the end
near the apex of the spiral resonates at the
lowest (approximately 20 Hz).

The cochlear nerve terminates near the
membrane and, by sensing the vibration at
each point, converts the mechanical motion
into nerve impulses which the brain perceives
as a sound.

Because of its filtering and analytical func-
tions the basilar membrane is a center of
interest in hearing research. Since it is em-
bedded in the skull, direct study is extremely
difficult.

ANVIL

HAMMER

STIRRUP

COCHLEAR
NERVE

COCHLEAR -
NERVE

ENDINGS

EARDRUM <::)
COCHLEA <
BASILAR
MEMBRANE
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At Bell Telephone Laboratories, basic
research in voice communications
does not end with telephone equip-
ment. For instance, three scientists
here have made a stereoscopic motion
picture showing how the ear’s prin-
cipal transducer—the basilar mem-
brane—moves in response to sound.

A number of steps were involved:
First, equations describing the mem-
brane's response were converted to
digital form, suitable for machine
computation. Next, a program was
devised so a computer could deter-
mine the precise motion of each point
on the membrane as a function of any
complex sound input. Finally, the
resulting data were processed with
another program which introduced
the parallax effects inherent in binoc-
ular vision.

The output was a series of pairs of
stereoscopic images. The computer
drew these on the face of a cathode-
ray tube where they were automat-
ically photographed to form the frames
of the movie.

In this film, the membrane's move-
ments (actually microscopic) are
greatly enlarged and slowed down for
detailed examinations. Thus we have
developed a promising tool for the
study of hearing. For example, movies
made in this way could help us eval-
uate theories of the basilar mem-
brane's role in converting sound to
nerve impulses. (Several complex
mathematical relationships have been
proposed; now we may see them in
simulated action and measure their
properties.)

The scientists who made this film
are Robert C. Lummis, A. Michael
Noll, and Man Mohan Sondhi. The
membrane-response equations from
which they began were originated by
James L. Flanagan, also of Bell
Laboratories. His work was based on
anatomical measurements made by
Nobel laureate Georg von Békésy of
the University of Hawaii.

Bell Telephone Laboratories

Research and Development Unit of the Bell System



We split hairs

We do many things at Liberty Mirror.

You may know that we make

optical coatings, front surface mirrors,
beam splitters and dichroics. But did

you know that hair-splitting precision in
the fabrication of flat glass parts is one of

our capabilities? Also precision edgework and
resurfacing of glass components? And the
assembly of those components with mating metal frames?

We have the instrumentation to measure millimicrons, fringes,
spectral transmission, temperature, density, and even split hairs
if necessary to meet your precision glass requirements.

May we serve you?

m LIBERTY MIRROR
A DIVISION OF LIBBEY-OWENS-FORD GLASS COMPANY

8366 L:O-F Building, Toledo, Ohio 43624

UNITERON
ASTRONOMICAL TELESCOPES

ONSENVINS GUIDE

FREE

0

PAGE
OBSERVER'S
GUIDE

With artificial satellites already launched and
space travel almost a reality, astronomy has
become today's fastest growing hobby.
Exploring the skies with a telescope is a
relaxing diversion for father and son alike.
UNITRON’s handbook contains full-page
illustrated articles on astronomy, observing,
telescopes and accessories. It is of interest
to both beginners and advanced amateurs.

CONTENTS INCLUDE:

Observing the sun, moon, planets and wonders of the sky
Constellation map » Hints for observers « Glossary of telescope
terms o How to choose a telescope * Astrophotography

UNITRON

INSTRUMENT COMPANY o TELESCOPE SALES DIV.
66 NEEDHAM ST., NEWTON HIGHLANDS 61, MASS.

Please rush to me, FREE of charge, 1
ON'S OBSERVER'S GUIDE and TELESCOPE§
CATALOG # 6-B

1
IUNITR

: Name
1
J Street

chIty State

- - -

20

Outstanding Career
Opportunity For. . .

MANAGER,
RESEARCH
Department

Will head up full-scale,
well-staffed Research

Department of leading
missile/space company.

Must have Ph.D in physics,
ME, AE or applied math-
ematics and have published
research papers.

Will work closely with
Engineering Departments,
and must have research
management experience.

Salary up to
$30,000'!

WRITE

giving brief outline of your
education and experience to:
MR. J. W. PERRY

P. O. Box 1904

Grand Central Station
New York, N. Y. 10017

an equal opportunity employer
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an exposure of only one second such a
cell is much more sensitive than the eye.
The author believes that we can virtual-
ly increase the diameter of our greatest
object glasses tenfold by substituting
a selenium cell for the human eye at
the eyepiece of the instrument. Thus it
should be possible to detect stars about
five magnitudes fainter than any now
observable.”

“The word ‘vitamine’ has come into
our vocabulary since the latest diction-
aries were published. Etymologically it
means an amine that is essential to life,
and it was coined by C. Funk as a
generic name for a group of substances,
of unknown chemical composition, small
quantities of which appear to be a nec-
essary constituent of a wholesome hu-
man diet, in addition to proteins, carbo-
hydrates, fats and inorganic salts. An
absence or insufficiency of vitamine in
the diet brings on diseases now known
as ‘avitaminosis’ or deficiency diseases
of which scurvy and beriberi are the
principal representatives. Science al-
ready recognizes two vitamines—viz.,
antiscorbutic vitamine, which prevents
scurvy, and antineuritic vitamine, which
prevents beriberi in man and polyneu-
ritis in birds. Dr. Atherton Seidell has
obtained a cheap and stable vitamine
from autolyzed brewer’s yeast, and this
preparation is now in the process of
being tested clinically.”

NOVEMBER, 1866: “An old sub-
scriber in Texas, who has emerged from
a five-years’ non-intercourse sleep, oc-
casioned by the war, and who has just
received a package of our papers, writes
as follows:—T think a great deal of the
Bible and its truths. I can read it over
and over, always finding something new
and instructive. I really think it is the
same for SCIENTIFIC AMERICAN. It is
suitable for all, rich and poor. By it
| even ministers of the Gospel will find
they can be interested and instructed.””

“In one of our recent issues we com-
mented on the experiments at Shoe-
buryness with the Woolwich nine-inch
gun and the Palliser chilled shot, ex-
pressing the opinion that the London
Times was not correct in deducing, from
the penetration of eight inches of iron

| plating with its 18 inches of teak back-
ing, the conclusion that the superiority
| of iron-clads was ended. We stated that
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Allen-Bradley Active Filters, wh

ich offera 60 db attenuation

over the range of 10Hz (3Hz*) to 100KHz
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Allen-Bradley active filters can provide

as much as a 50 to 1 reduction in size and a

reduction in weight over conventional passive elements.

B Directly as the result of some new ideas applied to the
field of ElectroMagnetic Compatibility, Allen-Bradley
has been able to produce a new active low pass filter that
provides an attenuation of greater than 60 db over the
range of 10Hz (3Hz*) to 100KHz. The maximum dc
component of the load current is 5 amperes.

The primary purpose of this filter in the above applica-
tion is to prevent impulses generated by rapid load fluc-
tuations, which may be carrying information of a confi-
dential nature, from being reflected back through the
power supply and into the power distribution system.

These new filters are designed to satisfy specific require-
ments. For instance, power line filters are under develop-
ment for 60Hz and 400Hz power frequencies. Here, a
sharp pass band is afforded the power frequency while

greatly attenuating all other frequencies.
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Typical example of A-B Active Filter performance

Allen-Bradley active filters produce a far greater at-
tenuation of unwanted signals than is possible with a
filter composed of conventional passive elements, occupy-
ing the same volume. By using the A-B active filter, a size
reduction of 50 to 1 is attained, together with correspond-
ing savings in weight. These filters employ solid-state
circuitry. No external power source is required other than
that supplying the power to the load. In addition, com-
plete inrush and short circuit protection is provided.

Allen-Bradley specialists in filter engineering are avail-
able to discuss with you such problems for which these
new active filters might offer the best solution. Please
write: Allen-Bradley Co., 1204 South Third Street,
Milwaukee, Wis. 53204. In Canada: Allen-Bradley Canada
Limited. Export Office: 630 Third Ave., New York, N. Y.,
U. S. A. 10017.

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS

21
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A completely NEW

technical and industrial
material can be creafed
just for you

A material to:

[J Absorb O Insulate
[ Conduct [J Laminate
[J Contain [ Record

[J Cushion [] Rupture
[] Detect [] Shield

O Filter ] Synthesize

SPECIALTY PAPERS DO ALL
THESE THINGS—AND MORE.

Because specialty paper for
industry isn’t really paper IT
IS MOST OFTEN A WAY TO
DO A JOB BETTER—ECON-
OMICALLY. Paper combined
with some other matter is
a wonderful new material.
Know Iton Brothers can create
the ideal technical and indus-
trial materials sought by
designers, engineers and
management searching for
something better for today’s
product improvement or
tomorrow’s products.

All types of industry have
turned to paper. Have you
thoroughly considered it?

LOOK INTO IT TODAY!

Send for
“Specialty
Papers”—an
imagination-
sparking
booklet. Or,
better still, let’s

The scientific and technical industrial

specialty papermakers since 1808,

Dept. 111B O WATERTOWN, N.Y.

Can you solve
this preblem?

1. There are three numbered statements in this box.

2. Two of these numbered statements are 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?
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all purpose calculator

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 multiplication, 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 $120.00. Write for literature.

CURT

DEPT. SA-11
VAN NUYS, CALIFORNIA

COMPANY
P. 0. BOX 3414
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it was doubtful if the Shoeburyness tar-
get was equal in resisting power to our
monitor turrets of 12 inches of iron,
which could be increased to 24 inches.
Mr. John Bourne, in a letter to Engi-
neering, agrees with these remarks. He
says: ‘In my opinion, the side armor of
modern iron-clads should be not much
less than 18 inches thick, backed by
three or four feet of oak. The turret
should be 24 inches thick. Why should
we, with our knowledge of the growing
power of ordnance, so adjust our means
of resistance as to be hardly able to
withstand even its present force?” ”

“The electrical power of the Atlantic
cable is now furnished by a twenty-cell
Daniell’s battery. The two cables have
been joined, making a line of 3,700
miles, and signals have been passed
through this entire distance in little
more than a second of time. The only
power used was that given by a battery
consisting of a lady’s silver thimble filled
with acid, into which were placed a bit
of zinc and a bit of copper.”

“Krupp’s great steel works at Essen
cover 400 acres of ground, consume 750
tuns of coal daily, use the steam of 120
boilers, burn 7,000 flames of gas and
give employment to above 8,000 men
and boys. The establishment last year
turned out upward of 50,000 tuns of
cast steel, one third of which was made
into guns, the rest into bars, shafts for
engines, axles, railway bars, tires of
wheels, plates for boilers and ships.”

“M. Niepce de St. Victor, in a paper
addressed to the Academy of Sciences
on the reproduction of natural colors by
photography, describes a process for
reproducing black together with all the
other colors. The silver plate chlorized
must first be dipped into a bath con-
taining an ounce of an alcoholic solution
of soda for every two ounces of water,
to which a small quantity of sodium
chloride is then added. The tempera-
ture of the bath is to be 140 deg. Fah.,,
and the plate is only left in for a few
seconds, when it is taken out, washed
and warmed until it acquires a bluish-
violet hue. The plate is now coated
with a varnish composed of dextrine and
chloride of lead. In this way all the
colors of the original, including white
and black of more or less intensity, are
reproduced according as the plate has
been prepared, and as the blacks of the
copy are either dull or brilliant.”

“Dirt is destructive, as well as dis-
gusting.”



The life of an
Apollo Heat-Shield Rod
— a scientific prediction —

On earth:

Unlike the heat shields of all
earlier space vehicles, the
heat shield of the Apollo
moon vehicle is not a con-
tinuous heat shield at all. It
is, in fact, 370,000 heat-shield
rods laminated together in a
honeycomb matrix.

The rods are formed when
the epoxy novalac ablator ma-
terial, chosen for its ability to
ablate and char in a very spe-
cial manner, is gunned into
the open cells of the nylon-
phenolic fiberglass honey-
comb (Fig. a). The ablator
material is strengthened by
quartz fibers and lightened by
tiny phenolic microballoons.

Curing in an oven hardens
the originally putty-like abla-
tors into a purple-brown-col-
ored beaverboard-like mate-
rial. Oven curing also causes
the epoxy to firmly bond itself
to the walls of the honey-
comb cells and to the stain-
less-steel skin of the Apollo.

The resulting ablator-
honeycomb laminate is ma-
chined to a smooth, flush
surface (Fig. b), contoured
from 3-inch rod thicknesses
at the front corners of the
Apollo that receive the brunt
of reentry heating to less
than 1-inch on the afterbody.

A

Weight conservation is vital:
an extra half inch of height
on each rod would add 500
Ibs. to the vehicle.

Trip to the moon:

The rods face extreme haz-
ards during their two-weeks
in space: ‘‘cold soak’ at
-150°F in the shadow-side of
the Apollo is the most severe.
‘“Cold soaking,” puts the
rods under severe tension.
The plastic ablator material
shrinks much more than the
metal structure of the Apollo,
and each rod is pulled from
all sides.

Now is when the honey-
comb structure pays off.
Large slabs of ablator would
surely crack under Apollo
conditions. But the small di-
mension of the % inch rods
reduces the stresses. Even if
cracks develop during the
two weeks, the honeycomb
will hold them reliably locked
to the Apollo skin.

Return to earth:

The return to the Earth’s at-
mosphere is short and white
hot. If the reentry angle is on
the steep side, the outer
ends of the rods will be put
to their maximum use. They'll
absorb heating rates as high
as 400 BTU/ft2-sec and be
ablated away to half-height
in about a minute. If the re-
entry angle is on the shal-
low side, the rods will be
put on trial to their full depth.
For while the heating rates
will now only be 150 BTU/ft2-
sec and it will take as much
as 5 minutes for them to be
ablated to half height, the
longer duration will cause
the heat to penetrate further.

RS

Fig.c

The epoxy-novalac ab-
sorbs the heat by decompos-
ing (Fig. ¢) and leaving car-
bonaceous char which acts
as a radiator throwing addi-
tional heat back into space.
The hollow phenolic micro-
balloons also act as insula-
tors to hold the 5000°F char
temperatures from the Apollo
skin.

In minutes it's all over and
what's left of the rods
(Fig. d) parachute down with
the Apollo to end their useful
lives with a slight sizzle as
they splash into the sea.

Avco has openings in
many projects and research
areas, including lasers, arti-
ficial circulatory aids, ad-
vanced ballistic missile
decoy systems, scientific sat-
ellites, and high-performance
turbines. If you'd like more
information, write: Avco Cor-
poration, 750 Third Avenue,
New York, N. Y. 10017.

An equal opportunity employer.
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When Repetitive High-Speed Phenomena
Can’t Be Observed Directly...

they often can be revealed with gratifying precision by sampling them, and observing the sample.
At Hewlett-Packard, sampling technology as a measuring finesse is honed to its finest edge.
Seven years ago, the HP 185A Sampling Oscilloscope gave information technologists a new
wedge into the unknown. With ingenious sampling techniques, practically implemented, this
instrument enabled scientists and engineers to convert suspected phenomena (occurring three-
quarters of a billion times a second) into observable, measurable, useful events. Subsequently,
this pioneer instrument was speeded up to observe a billion, then four billion cyclic events

per second. With “micro-time” being compressed further in nanosecond (10 second)

and picosecond (107 second) computer and other circuits, the HP 185 family of
oscilloscopes, now superseded, has sired a new generation of faster, smaller, more precise
oscilloscopes, and several wholly new instruments which perform measurement

feats never before achievable.

What’s new in sampling oscilloscopes?

With the development and introduction of new sampling plug-in modules, the 140A and 141A Scopes
can now measure to 12.4 GHz (12.4 billion cycles per second), far beyond technology that was new
only yesterday. The 140A is a standard plug-in scope. The new
141A is a variable-persistence storage scope. The first practical,
commercial instrument of this kind, it presents flicker-free views
of short transient signals, common to circuitry in information
processing systems. Both of these scopes accept the new sampling
plug-ins, forming a wide variety of compact, high-performance
sampling instruments. Choice may be made of 1, 4 or 12.4 GHz
bandwidth. And, for the first time in sampling scopes, delayed
sweep (for rapid pinpointing and enlargement of waveform details) is built in. A special-purpose plug-in
also gives the versatile 140A and 141A Scopes Time Domain Reflectometer capability. TDR, pioneered
by HP, is now an essential to the design and production of micro-miniature circuits, giving fast answers
to circuit problems, easily translated into engineering units.

How about sampling voltage and phase?

Sampling techniques developed out of oscilloscope design have made possible new instruments to meas-
ure voltage and phase in high-speed circuits with unprecedented accuracy and ease. The 8405A Vector
Voltmeter simultaneously measures amplitude (voltage) and phase
relationships between signals, instantly giving the design engineer
circuit information previously unavailable, all the way to 1 GHz,
for $2500. Another samplinginstrument, the HP 3406A RF Volt-
meter, provides good sensitivity to 1.5 GHz. It is priced at $650.

© 1966 SCIENTIFIC AMERICAN, INC



What’s the newest, most practical high-performance

oscilloscope available?

Possibly the most broadly significant new HP
measuring instrument is the 180A Oscilloscope.
It’s the only truly portable scope with the high
resolution of “big picture” display (8 x 10 cm).
Its bandwidth, in real time, is 50 MHz (50 mil-
lion cycles per second), and it achieves a new
high in sensitivity (5 millivolts/cm) in this broad
band. As a plug-in scope, it is versatile, and a
hedge against obsolescence.

The 180A offers this unmatched performance in
a compact package that weighs only 30 pounds.

It can be used on the bench in any posi-
tion or mounted on a mobile tripod.
As a rack-mounted instrument it is
only 5¥4 inches high.

1500 standards of measurement...

Hewlett-Packard makes more than 1500 directly compatible measuring instruments: scopes;
voltmeters; current, resistance and impedance meters; signal sources, signal and pulse generators;
electronic counters; frequency and time standards; microwave instrumentation; amplifiers; power
supplies; spectrum analyzers; electronic thermometers; nuclear instruments; diagnostic, patient
monitoring and research instruments for medicine; instrumentation for chemical analysis; and
instrumentation recorders—strip-chart, oscillographic, X-Y plotters, digital printers, and analog and
digital magnetic tape recorders. These instruments interface easily and effectively into unlimited

measuring and data acquisition system configurations, without complicated external circuitry or
instrument modification.

Consider instrument soft-ware...

From instrument design through packaging for shipment, excellence is built in. Nothing is
marginal. This is also true of HP’s customer support organization. No customer is marginal.
Throughout the technical world, factory-trained engineers speak all the dialects of
measurement: electronic, chemical, medical and nuclear. They provide application
assistance, measurement demonstrations, quick delivery, calibration and maintenance
service, and a continuing flow of helpful technical information... all on a local basis.

Each marketing engineer focuses total HP capability on your measurement needs.

This extra measure of quality is built into each of the more than 1500 value-priced

HP instruments. HP growth comes through working for you.

For new standards in measurement...think HP

HEWLETT hp, PACKARD

measuring instruments
for science and industry
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Lunar Orbiter

On its initial space mission, NASA’s Boeing-built Lunar
Orbiter scored a number of historic firsts. It was the first U.S.
spacecraft to orbit the moon, to photograph the earth from the
moon, and to photograph the far side of the moon.

Orbiter flew and maneuvered flawlessly throughout its mis-
sion. And while its high-resolution camera performed below
planned standards, its medium-resolution camera work exceeded
expectations. Orbiter photographed thousands of square miles
along the moon’s equator, taking stereo-pairs of pictures, which
NASA is viewing three-dimensionally to help select level, safe
landing sites for America’s Apollo astronauts.

Astronomersreport that Orbiter has already sent back more in-
formation about the moon than had been learned in the past 50
years. Besides pictures of the lunar surface, Orbiter sent back data

2 AUG 18

2. First U.S. picture of backside of moon.

revealing that the moon, like earth, bulges upward at the North
Pole, and is flattened at the South. It has helped determine the
exact gravitational characteristics of the moon, an important
aid in future manned missions. It has measured radiation near
the moon, and is instrumented to detect and report the presence
of micrometeoroids.

Boeing scientists and engineers, working with NASA person-
nel, controlled Lunar Orbiter’s flight from Jet Propulsion Lab-
oratory facilities. NASA’s Langley Research Center is Orbiter’s
systems manager.

Launching of Lunar Orbiter I—the first of five to be flown—
took place 28 months, 15 days after contract signing, the short-
est span ever for a major U.S. spacecraft.

SPACE DIVisioON STLVEING

3. First picture of earth, from moon.

Designed and built by Boeing for NASA

26

© 1966 SCIENTIFIC AMERICAN, INC



With a name
like General Electric

whod expect that
among our doctoral
degree holders, chemuists
and chemical engineers
outnumber electrical

CI11 g iﬂ@@ IS oot ity with sttt

art chemical research is broad

enough to cover all the diverse
areas in which G.E. is now making

basic creative contributions. To
Ou name a few: silicone fluids and
o lubricants for supersonic aircraft;

decorative and industrial
laminates; superpressure products
such as Man-Made® diamonds;
high performance PPO®
polyphenylene oxidatively-coupled
polymers; Lexan® polycarbonate
plastics; Irrathene® irradiated
polyethylene film; and many others.
For additional facts on G.E.’s role
in Chemistry, write to Chemical &
Metallurgical Division, General
Electric Company, P.O. Box 220,
Waterford, New York 12188.

®REG. TM GENERAL ELECTRIC CO.

GENERAL @D ELECTRIC
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Paper with built-in
“fingerprints”

traps ticket
counterfeiters

Paper with a built-in “fingerprint”
recently helped smash a bogus
ticket ring bilking a big transit sys-
tem. Behind the story: Riegel paper
science.

We have many ways to ‘“‘fingerprint”
tickets and badges. Invisible fluo-
rescent dyes and inks, for instance.
Fluorescence can be impregnated,
printed invisibly, or masked by visi-
ble inks.

Paper may have one color outside
with a variety of colors inside...per-
haps striated like a rainbow. Film, or
conductive or magnetic foil can be
hidden in the middle. And of course,
small colored fibers can be added.
We can even make paper electro-
photographic.

Riegel makes hundreds of provoca-
tive papers for technical uses...
papers born of an extraordinary
family of fibers, impregnations, spe-
cial techniques, and functional coat-
ings. Papers with imagination...for
your products, processes or pack-
aging. Bring your ideas and objec-
tives to us. Riegel Paper Corpora-
tion, Box 250, Murray Hill Station,
New York, N.Y. 10016.

RIEGEL
PAPERS

MEN ‘
IMAGINATION @

WITH
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THE AUTHORS

GENKO UCHIDA (“Technology in
China”) is international economic sec-
retary in the Ministry of International
Trade and Industry of Japan. He has
been with the ministry since his grad-
uation from the mechanical engineering
department of the University of Tokyo
in 1951. Three years ago he initiated
in the ministry a study of science and
technology in China; he is a member
of the ministry’s China Study Group.
He writes: “T also have many informal
study groups, inside and outside of our
ministry, organized around me. Most
of them concern computer ‘software.””
Uchida was in London during the aca-
demic year 1954-1955 as a DBritish
Council Scholar at the Imperial College
of Science and Technology. In 1958 he
visited the U.S. with a Japanese group
studying automation.

WILLIAM W. HOWELLS (“Homo
Erectus”) is professor of anthropology
at Harvard University. He received un-
dergraduate and graduate degrees at
Harvard, taking a Ph.D. in anthropology
in 1934. Twenty years later, after work-
ing at the American Museum of Natural
History in New York and teaching at
the University of Wisconsin, he re-
turned to Harvard as a member of the
faculty. Grandson of the author and
editor William Dean Howells, he has
himself written several books, including
Mankind So Far and Mankind in the
Making. A revised edition of the latter
work will be published in January.
Howells wishes to acknowledge assist-
ance in the preparation of his article
from Andor Thoma, F. Filep and L.
Vértes of Hungary, who supplied him
with information, a cast and a photo-
graph of the Vértesszollos find.

WILLIAM C. LIVINGSTON (“Mag-
netic Fields on the Quiet Sun”) is asso-
ciate astronomer at the Kitt Peak Na-
tional Observatory in Tucson, Ariz. As
a high school graduate in Los Angeles
in 1945 he applied for work at the
Mount Wilson Observatory, thinking
that astronomy would be an attractive
vocation. To his delight he was hired as
a junior draftsman with some janitorial
duties on the side. In time he became
an observing assistant. “Around the din-
ner table on the mountain,” he writes,
“conversation often turned to the ‘good
old days” with George Ellery Hale. I

became envious of the chances and fun

© 1966 SCIENTIFIC AMERICAN, INC

Our large
economy size.

This is our Big Bertha—our largest
Glas-shot® bead. Made in sizes
ranging from 10 to 710 microns,
these spherical beads of chemi-
cally-pure optical crown glass
could be more valuable to your
production techniques than all
the diamonds in Zambesi.

What do they do? Our cus-
tomers use them in wet- and dry-
blasting equipment to improve
the finish of steel, to remove
burrs from gears without alter-
ing dimensions, to clean surfaces
for welding and anodizing, and
for hundreds of other uses
beyond the capabilities of ordi-
nary abrasives.

Technically, Glas-shot® is a
mechanical surface reformation
agent. It removes tough mill
scale from titanium . . . it pro-
duces a finished surface more
uniform than grinding, with
maximum strength and lubrica-
tion potential . . . it performs
its work on the most delicate
precision parts without damage
or tolerance change.

Chances are, there’s a tough
problem somewhere around your
plant that could be solved by
Glas-shot®, A quick memo-or col-
lect call—will bring you plenty
of technical literature. Send for
it; engineers find it inspiring.

MICROBEADS
DIVISION

Cataphote Corporation—P. O. Box 2369,
Station 1-97, Jackson, Miss. 39205
601/939-4631, Jackson, Miss.,

419/244-3003, Toledo, Ohio;

416/251-1681, Toronto, Canada
\ $-666




of those early days.” Livingston was
graduated from the University of Cali-
fornia at Los Angeles in 1953 and ob-
tained a Ph.D. from the University of
California at Berkeley in 1958. Of his
work at Kitt Peak he writes: “Times
change but new opportunities take the
place of old. Here I have been helping
to develop electronic instruments for
the new McMath telescope, and T am
certain that the present pioneering at-
mosphere must be every bit as exciting
as it was in Hale’s era.”

DAVID C. PHILLIPS (“The Three-
dimensional Structure of an Enzyme
Molecule”) is professor of molecular bio-
physics at the University of Oxford.
After taking bachelor’s and doctor’s
degrees at the University of \WVales, he
worked at the National Research Lab-
oratories in Ottawa for four years, in-
vestigating with X rays the structure
of small organic molecules. I'rom 1956
until this year he was at the Royal In-
stitution in London, working with Sir
Lawrence Bragg, J. C. Kendrew, M. F.
Perutz and others on X-ray analysis of
protein structures. Phillips writes that
his nonprofessional interests include
“reading (mainly history), growing vege-
tables and talking with children.”

CHARLES F. POWERS and AN-
DREW ROBERTSON (“The Aging
Great Lakes”) are respectively associate
research oceanographer and assistant re-
search limnologist with the Great Lakes
Research Division of the University of
Michigan. Powers received a bachelor’s
degree in zoology at the University of
North Carolina in 1950; while there he
developed an interest in water environ-
ments. As a graduate student at Cornell
University, where he obtained a Ph.D.
in 1955, he concentrated on oceanogra-
phy but also gave attention to limnology
and ichthyology. His primary interest is
the Great Lakes, but he has also worked
on the ecological aspects of small
marshes and on coastal oceanography
and estuarine processes. Robertson,
who majored in chemistry at the Uni-
versity of Toledo, received master’s and
doctor’s degrees in zoology from the
University of Michigan.

GERARD K. O'NEILL (“Particle
Storage Rings”) is professor of physics
at Princeton University. As a young man
not yet 20 he served in the U.S. Navy
from 1944 to 1946. Thereafter he en-
tered Swarthmore College, from which
he was graduated in 1950. Since 1954,
when he obtained a Ph.D. in physics
from Cornell University, he has taught
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1N 1609
GALILEO SAW
THE CHALLENGE
[N SPACE...
AND RESPONDED

A S Y S W

| THE CHALLENGE|

is at
Aerospace
Corporation

O GALILEO GALILEI viewed the moon’s surface with a telescope more than three
hundred and fifty years ago. His being among the first to scan the heavens with the
telescope and his development of the instrument, were, of course, only part of his
importantcontribution to the advance of knowledge. His abilities and achievements
were many. Even as a boy he exhibited genius in mechanical construction, music
and painting. He was a brilliant physicist, philosopher, astronomer and inventor,
and his determination and willing rise to challenge have become legend.

O In 1966 many technologies often must be coordinated to assure the continuation
of progress in extremely complex projects.

0O Today, a group of men, AEROSPACE CORPORATION, can be said to look to the
skiesas did Galileo, dedicated to scientificaccomplishment. AEROSPACE CORPORA-
TION proudlyservesthe U. S. Air Force in theclassicalrole of ENGINEER-ARCHITECT,
responsible for the general systems engineeringand technical direction of advanced
ballistic missileand re-entry systems. The work is vital to the future of the free world.
O You can be part of it.

O Because we need the best in technical excellence, there are challenging oppor-
tunities continually available for qualified engineering and scientific personnel.
The following specific positions are open now at our San Bernardino facility:

OPPORTUNITIES NOW for candidates who are interested in systems engi-
neering, technical direction, or systems analysis responsibilities in the area
of nuclear survivability including the following specific positions: [J Elec-
tronics hardening with emphasis on computers, guidance systems, arming
and fuzing. Design and analysis of survivable structures and defensive
systems. Hardening technology for booster and re-entry systems. Nuclear
weapon effects, e.g., radiation transport and interactions. Communications,
command and control and radar interference.

[7] For further information, write now to C. Shelton, Room 120, Box 249, San
Bernardino, California. An Equal Opportunity Employer.

AEROSPACE
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WHERE CAN MAN GO...
IN FLIGHT TECHNOLOGY?

T

At Lockheed, ability is matched with opportunity. These
areas of R&D activity are typical: 0 THERMODYNAMICS
— Ascent and entry heating, thermal response character-
istics of materials, orbital temperature control, fluid
mechanics, low-gravity phenomena, and thermodynamics
of cryogenic fluids. 0 AEROHYDRODYNAMICS — Fluid
dynamics, flight mechanics, rarefied and continuum aero-
dynamics, gas dynamics, and hydrodynamics. 0 LOADS &
STRUCTURAL DYNAMICS — Separation dynamics, basic
loads, structural criteria and environments, aeroelasticity,
shock and vibration, and acoustics. [ STRUCTURES —

Structural analysis and optimization, criteria and methods,

meteoroid effects, weight analysis and weight control. OO
If you are an engineer with interest and experience in any

of these areas, you are invited to write: Mr. K. R. Kiddoo,

Professional Placement Manager, P. O. Box 504, Sunnyvale,

Calif. An equal opportunity employer. LOCKHMHEED

Latest Scientific
Information
From USSR

Subscribe
Now for

1967

Russian Scientific
Magazines and Journals
in Russian in many fields

* Acoustics « Cybernetics
« Colloids
* Engineering

* Geography
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« Atomic Energy
* Automation

« Biology » Geology
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« Biophysics « Thermodynamics

Write for complete 1967 catalog
listing many more Russian scientific
periodicals and books in your field.

FOUR CONTINENT BOOK CORP.
Dept. 644, 156 FIFTH AVE, N.Y. 10, N.Y.
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This is a
scientific and
political thriller—

the first biography of the
great physicist who described
the structure of the atom in
1913, and spent the rest of
his life trying to control the
earth-shaking consequences.

NIFELS BOHR
The Man, His Science, and
the World They Changed

by RUTH MOORE

480 pages, photographs, drawings
$6.95 * now at better bookstores

ALFRED * A+ KNOPF ”

Erik Petersen

Photo:
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at Princeton. From 1954 to 1959 O’Neill
was a member of a group that designed
the three-billion-volt proton synchrotron
now being operated jointly by Prince-
ton and the University of Pennsylvania.
In 1956 he began designing storage
rings; since 1959 he has concentrated
on storage ring development and on ex-
periments in high-energy physics.

AHARON GIBOR (“Acetabularia: A
Useful Giant Cell”) is assistant professor
of biochemistry and cell physiology at
Rockefeller University. A native of
Israel, he studied at an agricultural high
school and engaged in farming until the
age of 21, when he decided to continue
his education. He came to the U.S. in
1947 to study agriculture at the Univer-
sity of California at Berkeley, but he
soon shifted to biochemistry. With work
on algae he received a Ph.D. from
Stanford University in 1955. After a few
years as a biologist with the Depart-
ment of Fish and Game in Alaska he
went to Rockefeller University, where
his work was concerned with fundamen-
tal relations between the components
of living cells. “For my studies I prefer
to draw from the rich variety of algal
forms available in nature,” he writes,
“since finding the right organism for
tackling a biological problem is prob-
ably the most important step toward
the solution of the problem.” Gibor adds
that when he has the time he likes to
“read novels, particularly science fiction
novels.”

MARSHALL GATES (“Analgesic
Drugs”) is professor of chemistry at the
University of Rochester. After obtaining
bachelor’s and master’s degrees at Rice
Institute in 1936 and 1938 respectively
he received a doctorate from Harvard
University in 1941 and began teaching
chemistry at Bryn Mawr College. He
has been at the University of Rochester
since 1949. Since 1963 he has served
as editor of the Journal of the American
Chemical Society. Gates, whose inter-
ests are synthetic organic chemistry
and the chemistry of natural products
and organic medicinals, achieved the
first synthesis of morphine in 1952. He
writes that aside from his professional
interests he is “a keen sailor in the sum-
mer and skier in the winter, not very
proficient at either.”

HARLOW SHAPLEY, who in this
issue reviews LExplorer of the Universe:
A Biography of George Ellery Hale,
by Helen Wright, is Paine Professor
of Astronomy emeritus at Harvard Uni-
versity.



PARTICULARITY IS A VIDAR DIGITAL DATA SYSTEM

It's a buyer’s market today in digital
data acquisition (systems that meas-
ure anaiog data and record it in digital
form). You can order them from Vidar
in innumerable combinations of input
scanners, integrating digital voltme-
ters, clocks, output couplers, record-
ers, and what-not. They can be used
for signals ranging from microvolts to
thousands of volts. You can have your
readouts served up on printed or per-

forated paper tape, punched cards, or
magnetic tape.

Somewhere in this data-logging
world — perhaps among our 5 stand-
ard systems — there exists an answer
to your exact requirement for speed,
sensitivity, accuracy, and economy.
You can afford to be particular! And
you needn’t be a Ph.D. to understand
or hook up a Vidar system.

Particular people are encouraged

© 1966 SCIENTIFIC AMERICAN, INC

to come to Vidar with their toughest
data-acquisition problems (and the
easier ones too!). You may be particu-
larly impressed by our response. Get
in touch with the Vidar engineering
representative in your area, or con-
tact us at 75 Ortega Avenue, Moun-
tain View, California 94040; tele-
phone (415) 961-1000.

VIDAR
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Take advantage of the
“4th dimension” in heat transfer

DCA knowe o

Home-freezer to table in minutes...using an RCA-powered microwave oven! A
frozen turkey can be thawed and roasted to perfection in less than an hour using
RF heat—the “4th dimension” in heat transfer. By comparison, today’s standard
methods of cooking—using convection, radiation or conduction heating—take hours
even after thawing.
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Heat is simply the vibration of molecules in a substance.
The faster they vibrate, the hotter the substance. The
slower they vibrate, the colder

the substance. Throughout time,

man has applied heat by three

classic methods — convection,

conduction, radiation. But all

three of these more-usual meth-

ods require that surface heat

work its way from the outside

% to the inside—by the transfer

Fig. 1 of molecular motion.

Today a “4th dimension” in heat transfer has
emerged that is faster and more effective than the classic
methods. It is being used for dry-
ing, heating and cooking both per-
ishable and imperishable prod-
ucts. The system relies on heat
transfer by RF energy—using pow-
erful RCA electron tubes such as
shown in Figures 1, 2 and 3 to de-
velop the RF energy. It imparts molecular motion uni-
formly throughout the product. It eliminates the delay

of heat transfer from the surface
to the center.

' "'\ Interested in Continuous
‘ﬁ. ;_’\ Accelerated Freeze-Drying?
: This is how it’s done.

Fig.3 The product which is to be pre-
served—usually a foodstuff—is frozen instantly in a cry-
ogenic liquified gas such as nitrogen (77.3°K). Then it
is heated by RF energy in a vacuum of 20 to 60 Torr.
The ice crystals in the product pass directly from a solid
to a vapor and are removed—they sublimate! Result:
The product is completely dried; weighs only about 10
percent of its original weight, and it can be preserved in-
definitely. No refrigeration is needed!

Fig. 4

The photograph in Figure 4 is a freeze-drying in-
stallation in operation at North Carolina State Univer-
sity Department of Food Science. Inside this unit a mi-
crowave cavity functions as the RF oven. Out of view
in this illustration is the generator that delivers up to
5000 watts of RF power at 915 MHz. RCA designed
and built this energy oven which uses an RCA-8501
beam power tube to develop the RF energy.

Figure 5 shows a comparison of drying curves for
radiant and UHF freeze-drying of 1-inch-thick chopped

beef from an initial moisture content of about 60% to
approximately 2% moisture. The moisture removal that

required over 15 5 FREEZE-DRYING CURVES 1

hours by radiant
heating was accom-
plished in less than
3 hours by RCA’s 3 S
UHF hea‘tzng proc- ;m#ﬂ
ess—an improve- [

ment in drying time ol o N PV |

0 2 4 6 8 10 12 14 16 18 20 22
of over 5 to 1. DRYING TIME (HOURS)
Fig. 5

But more important still is this: Drying time with
RCA UHF heating is virtually independent of product
thickness. That means, for example, you can dry beef
1-inch thick just as quickly as you can dry beef only
V4 -inch thick (see Figure 6).

Heating with RF energy has likewise been success-
fully applied to the quick thawing of frozen foods as
well as to the cooking of foods both fresh and frozen.
Also, it is now con- r
ceivable that bread 60
could be baked at s
point of sale in min- [
utes, with frozen
dough immune to
deterioration. And,
of immediate im-
pact, RF-encrey
ovens are already Fig. 6
on the way to household kitchens.

Interested in Non-Food Applications?

The “4th dimension” in heat transfer is already suc-
cessfully at work in industry.

In textile drying, fabric backed with heavy glue runs
through a gas-fired oven. But because drying is only
superficial, the fabric must be “aged” before shipping.
By comparison, RF heating provides high-speed,
thorough, uniform drying to save time, inventory stor-
age space and handling.

Other industrial applications include heating of large
bulky masses such as bales of rubber...certain fusion
and bonding operations. .. and drying products such as
plywood... all through the use of RF heating.

RCA has pioneered and developed both the high
power electron tubes and much of the supporting appa-
ratus and processes that are putting the “4th dimen-
sion” in heat transfer to practical use today.

Undoubtedly RCA—based on our experience gained
in this remarkable new “4th dimension” of heat appli-
cation—can help you. If you have a product or process
that requires rapid, economical, uniform heat transfer,
describe it to your RCA Field Representative. Or, con-
tact RCA Industrial Market Development, Lancaster,
Pennsylvania—(717) 397-7661.
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Robert Hooke Woodcarving by William Ransom
(1635-1703) Photographed by Max Yavno

“It will be noticed that Boyle has scrupulously acknowledged the help he has received
from Hooke.... Boyle not only complained of failing sight, but also of lack of skill in Geom-
etry, which made him ‘both unwilling and unfit to engage in any study where the conversing
with Mathematical Schemes is necessary.””!

“...Is it too extravagant an assumption that his chief assistant throughout was Robert
Hooke? And if Hooke had been Boyle’s assistant during the experiments, may we not also
assume that as his was a mathematical mind, whereas Boyle’s qualities lay in other direc-
tions, is it not probable that the first suggestion of ‘Boyle’s Law’ came from him?"2

'Robert Sharrock, Preface to A Defense of the Doctrine Touching the Spring and Weight of the Air,
London, 1682.

*R.T. Gunther, Early Science in Oxford, v. V1, pp. 73-74, Oxford, 1930.

INTERACTIONS OF DIVERSE DISCIPLINES

Gentle, witty Robert Boyle, physicist and chemist, and the irascible experimental phi-
losopher, Robert Hooke, might not have discovered separately what they proved
together. Their collaboration of intellects for the advancement of knowledge is the tech-
nique used today by Planning Research. The Corporation’s technical staff of five hun-
dred members represents twenty-eight professional disciplines, including the classical
sciences, the new behavioral and management sciences, and all branches of engineering.
Interactions of these disciplines — on multidisciplined teams — form a powerful calculus
for the solution of problems in systems engineering and technical direction (SETD).
Planning Research has provided SETD on projects for the Army, Navy, Air Force, and
the National Aeronautics and Space Administration. The Corporation invites inquiries
from executives in industry who may require assistance on complex projects. Address
Mr. Stanley L. Gendler, Vice President for Engineering.

PLANNING RESEARCH CORPORATION

‘_.Uumu office: 1100 Glendon Avenue, Los :\n;,\'lus, California 90024
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Technology in China

A Japanese analyst reports on a study of China’s struggle to become

an industrial power. He estimates that a breakthrough to economic

growth driven by industrial investment may be five to 10 years off

hat progress are the Chinese
making in technology and in-
dustrialization? The fact that

mainland China accounts for a fifth of
the world’s population is sufficient rea-
son for worldwide interest in this ques-
tion. As next-door neighbors of China
we in Japan of course are more inter-
ested than most people. Three years
ago I began a systematic study with
the object of obtaining a detailed esti-
mate of China’s technical development.
Measuring a nation’s technical progress
is at best a difficult problem. In China’s
case the immensity of the country and
the secretiveness of her government
magnify the difficulty; the task seems
comparable to trying to guess the num-
ber of beans in an opaque bottle. The
problem is not, however, completely
unsolvable. China’s own statements and
her intercourse with the industrial world
outside provide enough clues to allow a
well-based appraisal of the state of her
technology.

We Japanese are in a particularly
good position to measure China’s prog-
ress because in the past 20 years we
traveled the road over which China is
now laboring. Twenty years ago Japan
was a backward country with a per
capita income of less than $100; today
our per capita income is well over $500
—the milestone that divides the ad-
vanced countries from the backward—
and Japan is recognized as one of the
world’s most modern industrialized
nations. By comparing China’s present

by Genko Uchida

development in various sectors with the
stages in our own history we can esti-
mate how far China has come along the
road.

I shall present here a brief review
of China’s stated technical goals and
policies, her problems and the extent
of her advancement in key industries.
I must emphasize that my conclusions
are only estimates derived from frag-
mentary information, not the kind of
precise evaluation that is possible in
countries where the essential techno-
logical and economic facts are fully
known.

One should understand at the outset

that, although the most conspicuous
aspect of modern China is her system
of communistic control, in a funda-
mental sense she is more a “developing”
country than a communistic one. That
is to say, her economic policies are
rooted primarily in her needs as a still
poor, backward nation. This may help
to explain why her views on Marxism
and communism differ in some re-
spects from those of the more advanced
US.S.R. It also accounts for the ex-
tremely aggressive, evangelistic role
adopted by the Chinese central govern-
ment in directing the development of
the national economy. In a country
seeking to transform itself rapidly from
the primitive, impoverished state to a
modern industrial power, patriotic zeal
and strong central control over the
economy are indispensable.

© 1966 SCIENTIFIC AMERICAN, INC

Naturally zeal has tended to run far
ahead of capability. Under the lash of
experience the overall approach of
China’s leaders toward industrialization
has undergone an evolution that is
subtly reflected in the changing slogans
they have used to exhort the people.
They began with a simple appeal:
“Catch up and overtake.” They believed
that by heroic efforts their immense,
determined country could soon establish
a modern industrial economy and outdo
the advanced nations of the West. To
that end they threw all the capital and
labor they could command into the in-
dustrialization sector. They soon learned
that this was a self-defeating policy. It
took too much labor and capital from
the agricultural sector and thus left the
population intolerably short of food.
T'urthermore, the Chinese leaders (like
the politically oriented leaders in most
developing countries) had underesti-
mated the importance of technical
know-how. They had failed to realize
that industrialization requires not only
capital and a work force but also an
adequate staff of technically trained
personnel who understand the machines.
Without this third essential element
much of the capital and labor was
wasted.

The agricultural problem was com-
pounded by three years of bad weather
(between 1959 and 1962) that ruined
crops. The Chinese government shifted
to greater emphasis on the agricultural
sector and introduced a new slogan:
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shown along with 20 large iron and steel “combines” (those with an
annual capacity of a million tons of pig iron) and 18 chemical-
industry bases. There are also 74 smaller iron and steel centers.
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“Stable production and more crops.”
Meanwhile China had been hit by an-
other unexpected setback. As a result of
the Chinese criticisms of Russian lead-
ers, the U.S.S.R. suddenly withdrew its
technical advisers and workers from
China in August, 1960. The factories
under construction and those already in
operation were left without skilled per-
sonnel. Faced with the necessity of
training her own people to complete the
construction projects and run the fac-
tories, the Chinese government issued a
new slogan: “Self-development.” From
1960 on China depended largely on her
own resources for training engineers,
technicians and researchers.

She became timid and notably suspi-
cious in her dealings with other coun-
tries, Communist or non-Communist,
friendly or unfriendly. Her feeling was
that those with whom she could trade
were out to “pick her clean.” For this
feeling there was some justification, as
some of the equipment China had
bought from Communist countries
turned out to be obsolescent. The Chi-
nese government in recent years has in-
sisted on buying only the latest models
of equipment, often overlooking the fact
that the newest models are not neces-
sarily the best for China’s own needs.
The Chinese also ask for a two-year or
three-year supply of spare parts for the
equipment, fearing that in the event of
an increase in international tension the
suppliers might refuse to deliver parts.
All in all, the Chinese suspicion of for-
eigners is so strong and the drive for
self-reliance so determined that there
is a general reluctance to use foreign
machinery at all.

hina today has a well-organized es-

tablishment for the direction of
science and technology. At the policy
level it is headed by a Science and
Technology Commission in the Chinese
Department of State. Under this com-
mission are many bureaus, bearing
names such as the General Agency, the
International Cooperation Bureau, the
Standards Bureau and the Fourth Bu-
reau, whose responsibility is the needs
of the manufacturing industries. The
control of research work itself is cen-
tered in the National Science Depart-
ment, the Chinese version of the
USSR.’s Academy of Sciences. This
department maintains about 100 re-
search institutes, employing a total of
about 7,000 investigators who work on
research projects assigned by the gov-
ernment. The department’s head is Kuo
Mo-jo; he is also president of the Na-

tional Institute of Science and Tech-
nology, which was established for the
education of engineers, particularly in
the fields of atomic research and elec-
tronics.

The new generation of engineers that
China is producing is an impressive
national asset. The profession is not
limited to men; it is attracting increas-
ing numbers of women. China’s young
engineers are confident, ambitious, ea-
ger to learn. They are acquiring, main-
ly from foreign publications, a detailed
theoretical knowledge of the latest ad-
vances in technology. The Chinese en-
gineering establishment is still weak,
however, in two crucial requirements:
seasoned leadership and the resource-
fulness that can come only from prac-
tical experience. In an industrialized
country the engineers are imbued by
education and job experience with a
generalized expertise that enables them
to cope with a wide range of tasks and
with new problems as they arise. In
addition to their specific training they
have automatically absorbed a fund of
basic knowledge and skills—one may call
it a common sense—that is the heritage
of the nation’s industrial traditions.
China of course lacks such traditions or
such a “common sense.” Her engineers’
knowledge is largely theoretical; the
questions they ask of foreign engineers
often betray a naiveté that shows lack
of experience in applying the theories.
The lack of practical experience has led
China’s leaders into some serious errors
in industrial policy.

Let me cite a few errors that we Japa-
nese can appreciate because they repeat
lessons we learned ourselves on the road
to industrialization. One lesson has to do
with imitation. It is natural, and indeed
inevitable, for a developing country to
begin by copying the products of ad-
vanced industrial countries. Unfortu-
nately there are grave pitfalls in such a
policy. First of all, one had better be
careful about what one selects for copy-
ing. A case in point is an agricultural
machine China began to produce a few
years ago. It was copied from a ma-
chine that had been designed and
produced by a small manufacturer
in Japan. After a year or so the Chinese
found that the machine was poorly de-
signed—and that the Japanese manu-
facturer who had produced it had gone
into bankruptcy. China lacked this auto-
matic corrective; once the model was
put on the production line, politics and
bureaucracy made it very difficult to
stop. Other instances of unwise imita-
tion can be cited. A Chinese instrument-
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producing plant lavished great care on
the production of a laboratory oscillo-
graph it had copied from a foreign
make, but all efforts to get the instru-
ment to work well failed because it was
badly designed. At a trade show in
Tokyo the Chinese displayed an auto-
mobile they had copied from a 20-year-
old model of a Western car; by loading
it with air conditioning and other new
equipment, they had made the sedan as
heavy as a small dump truck!

Another pitfall inherent in imitation
is that it retards the development of a
capability for design. China requires
detailed designs to accompany all the
equipment she buys from foreign coun-
tries so that she can copy the equipment
in her own factories. She has succeeded
in copying many sophisticated machine
tools of the U.S.SR., Germany, the
U.S., Switzerland and Japan. This itself
is no small achievement. Yet although
China has developed high skill in copy-
ing designs, she has not developed much
ability to improve on them or to design
new machinery of her own. Indeed, I
have seen no evidence that any factory
in China has a research and develop-
ment division for the design of new
products.

Japan herself went through a period
of industrial copying that gave her the
reputation of being an “imitator.” She
soon recognized, however, that the de-
velopment of a technology of design
was itself an essential step toward full
industrialization, and she hastened this
stage by purchasing expertise from
abroad. China now seems to be coming
to the same realization; she has begun
to seek technical assistance and knowl-
edge from non-Communist countries.

A second mistake in policy that has

victimized China is the “production
first” slogan, or what is called in the
U.S. the “crash program.” This is the
policy of putting all the available re-
sources to work at any cost to turn out
some article for which there is an urgent
need. For example, the Chinese at one
point found there was an acute shortage
of steel angle irons for agricultural de-
velopment, and all the steel factories
were therefore ordered to make angle
irons, whether or not they had efficient
equipment for doing so. The result was a
deluge of angle irons and a sharp reduc-
tion in the country’s total industrial out-
put. This lack of balance or planned
programming has been characteristic of
Chinese factories and of the overall
economy. Japan learned the necessity of
harmonizing production in the various
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sectors of the economy 20 years ago. It
appears that the leaders of China have
now learned the same lesson and are
beginning to apply it.

Chinese technology shows many signs
of severe imbalance. For example, the
country is mass-producing agricultural
machinery but has not yet persuaded
the farmers to make full use of it. China
is building many dams and hydroelec-
tric plants; however, because she has
not mastered the technology of control
of river systems, there are often harm-
ful repercussions upstream from the
dams. China’s factories are producing
machine tools of excellent design but so
poor in the quality of the materials that
their reliability is far below standard.

The manufacturing industry as a
whole is backward in the sense that it
lacks the base of feeder industries for
making parts and components. The
plants producing final products (for in-
stance the leading factory for building
trucks) must make their own nuts and
bolts. A factory that makes electrical
measuring instruments assigns a con-
siderable proportion of its 4,000 work-
ers to turning out precision screws on
bench lathes and to die-casting metal
parts. A plant that produces testing ma-
chines must build its own oil pumps. In
short, the unorganized structure of Chi-
na’s industry and technology is a se-
vere obstacle to the development of high
special skills and efficient production.
Chinese industrial leaders are now tak-
ing steps toward establishment of a
parts industry: they have built a pilot
project in the Shenyang area of Man-
churia around heavy-machinery and
machine-tool factories. From Japan’s ex-
perience it must be said that the full
integration of satellite parts plants into
the industrial system as a whole will take
a long time.

To round off this discussion of gen-
eral approach and policies, I shall mere-
ly mention one other simple but funda-
mental lesson that Japan learned some
time ago and that China’s leaders now
begin to show signs of appreciating. A
populous country is tempted to believe
any project, however formidable, can
be accomplished if one only puts enough
people to work on it—the “human sea”
idea. This method has been demon-
strated as working wonders in circum-
stances such as the restoration of a
bombed road in wartime with only hu-
man hands as tools, but it is certainly
an unsound one for building an indus-
trial system or a modern civilized so-
ciety. Man is not an ant. China, with
all her hundreds of millions of people,



is now turning to emphasis on modern
tools—mechanization and automation—
for building her society.

For the specific measurement of Chi-

na’s technical progress so far, let us
look at three basic industries: (1) iron
and steel, (2) chemicals and (3) ma-
chinery, including consumer machines
such as automobiles and electronic de-
vices. I wish to remark here that in this
evaluation we cannot take production
figures alone as our guide. In China
the rate of industrial production is heav-
ily conditioned by the structure and
quality of management and by the pre-
vailing attitude toward productivity,
which are still in a highly primitive
stage. Each factory is more or less au-
tonomous, and the plant is run by a
quadrumvirate consisting of the man-
ager, the chief engineer, the workers’
labor union and a Communist party
representative who 1is responsible for
education of the workers. Thus the
plant management is democratic but
not particularly conducive to rapid
decisions, flexibility in innovation or ef-
ficiency of operation. The manager usu-
ally has little training in the special
techniques of management. Moreover,
Chinese policies have given scant re-
gard to production efficiency. The net
result is that the productivity of labor
in China’s industries is very low: it
averages only about a tenth to a fifth
of the productivity of workers in Japan.
Presumably the skill of management and
production efficiency in China will grow
as her industries advance in size and
sophistication. In any case, what we are
concerned with here is not the question
of efficiency but the state of China’s
industrial techniques, or engineering,
as the measure of her technological
progress.

China’s iron and steel industry is a
mixture of large-scale and small-scale
operations, of modern methods and
primitive ones. In her hurry to indus-
trialize, the new Chinese nation urged
the farmers to turn to making iron and
steel in their spare time. Some 400,
000 small shops, hardly more than
smelting sheds, sprouted all over the
country. This effort proved to be so
inefficient and so injurious to agricul-
ture that only about 300 of the small
mills are still operating. They supply,
however, about a third of China’s pig
iron and steel, and they remain politi-
cally important because they enable
farmers to contribute to the nation’s
industrialization.

Before World War II China had five
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large steel plants, located in Shanghai,
Tientsin, Dairen and two other cities
in Manchuria near Dairen. These five
accounted for nearly 90 percent of the
country’s iron and steel production. To-
day there are 20 large iron and steel
combines, or producing centers, dis-
tributed in central and southern China
as well as in the northeast. Their blast
furnaces for iron production are large,
but they do not employ the high-
pressure oxygen technique of the most
modern furnaces. In the production of
steel the Chinese mills are limited to the
open-hearth-furnace technique without
oxygen; they have not yet come to the
liquid-oxygen converters or the large

electric furnaces that are now being
installed in advanced countries. China’s
rolling mills for processing steel are
mostly imports from the U.S.SR. and
East Cernmny that are not up to date
and are operated by control instruments
that had to be improvised by Chinese
engineers, since the Russian technicians
left in the midst of the installation of
the mill machinery. The Chinese plants
have no strip-milling equipment. Nor
are they yet able to produce or process
high-grade special steels (such as stain-
less steel) in any substantial quantity.
On the whole I estimate that in steel
technology China today is about 15
years behind Japan (which is the world’s

BLAST FURNACES (such as this one at the Shihkingshan Iron and Steel Works near
Peking) and open-hearth furnaces are not technologically advanced. Nevertheless, China
may overtake Japan and become the world’s third-largest producer of steel as early as 1973.
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third-largest producer of iron and steel,
behind the U.S. and the U.S.S.R.). It is
quite possible that China, as a larger
country, will achieve her goal of passing
Japan and becoming third in total steel
production by 1973, but that does not
mean she will have caught up in tech-
nology. If she depends only on her own
resources, it will take her considerably
more than six years to develop her own
strip mills and reach the present world
standards in modernization of steelmak-
ing. In this connection it should be re-
marked that China has recently signed
a contract with several companies in
West Germany to obtain a complete
rolling mill for the production of thick
steel plates.

In chemical technology also China is

about 15 years behind. There too
her development is repeating Japan’s
history. In a developing country the
first chemical industries to receive at-
tention are those required for the pro-
duction of fertilizers, acids (principally
sulfuric acid for fertilizers) and alkalis
(comprising two main industries: soap
and detergents and soda, which supplies
raw materials for glass). China’s fertiliz-
er industry is already sizable: she pro-
duces some 7.5 million tons of chemical
fertilizer a year. This is still far short of
her needs, however. Although she adds
to her own production by importing up-
ward of four million tons a year (which
makes her the world’s largest importer
of fertilizer), her total supply amounts
to only 12 pounds per acre of cul-
tivated land—about a tenth of the
amount used per acre in Japan. More-
over, her production consists mostly of
ammonium sulfate and includes only
negligible amounts of urea and high-
grade compound fertilizers that are
now in common use in Western coun-
tries. It appears that unless China ob-
tains substantial help from outside it
will take at least five to 10 years to
raise her agricultural productivity to a
level at which it can provide her with
sufficient capital for a major break-
through in industrialization.

From Japan’s experience it can be
predicted that China’s next stage in the
development of chemical industries will
be based principally on the extraction
of products from coal tar. Like prewar
Japan, China still depends on coal as
her main fuel (although large oil fields
are reported to have been discovered
recently in Manchuria). From coal tar
the principal products one can obtain
are dyestuffs, drugs and gunpowder.
There is evidence that China is already
launched on the “tar age” in chemical
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OIL REFINERY in the newly developed Taching oil field is said
to have been built by Chinese technicians and workers without for-

production. She has begun to produce
pesticides in substantial quantities for
her agriculture, and we can reasonably
guess, even without specific information,
that she is not neglecting explosives
production.

After the tar age comes the age of
synthesis, meaning the production of
new chemicals from basic raw materials.
Japan entered this stage only 20 years
ago, after World War II. China, al-
though still in the early phases of the
tar age, has made a beginning in the
establishment of synthetics industries.
She has been able to do this by im-
porting complete plants from abroad.
The Chinese chemical industry is now
producing perhaps 60,000 to 70,000
tons of plastics a year, including some
25,000 tons of vinyl chloride and
small amounts of synthetic fibers such
as rayon and nylon. China does not have
a synthetic rubber industry of any con-
sequence, partly because she readily ob-
tains natural rubber from Indonesia and
Malaysia and partly because her total
use of rubber (about 1.5 million tons a
year) is still relatively small, only about
half the amount used in Japan.

In oil refining and the production of
petrochemicals China is held back, as
are all but the most advanced countries,
by the fact that modern, large-scale

RN

operation in this field depends entirely
on automation. Like some other de-
veloping countries, however, China has
recently made a beginning by entering
into contracts to buy oil refining plants
(from Italy, West Germany and France
in her case).

China is making an effort to speed up
development of a wide spectrum of
chemical industries by buying plants of
various types from Japan, Italy, the
United Kingdom, France, the Nether-
lands and West Germany. Experience
has shown, however, that a country can-
not make great progress in industriali-
zation until it has acquired the ability to
build its own equipment. Japan reached
that stage a decade ago and has since
become the world’s third-largest pro-
ducer of synthetic fibers, oil refinery
products and petrochemicals. China is
now taking the first steps toward such
self-reliance in chemical technology.
For a vinyl chloride factory in Peking
the Chinese constructed the carbide
electric furnaces, electrolytic chlorine
cells, equipment for the synthesis of
chloric acid and equipment for the syn-
thesis and refining of the monomers that
are linked to make vinyl chloride. They
had to import from West Germany,
however, the polymerization equipment
that joins the monomers into the final
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eign assistance. In order to modernize its oil refinery technology,
however, China has been contracting to buy equipment in Europe.

product. The polymerization division
has 2,700 employees, which seems a
very large number, but the manage-
ment explains that most of them are
trainees who will staff new plants to be
built soon.

Obviously the clearest index to a na-

tion’s industrial development is the
state of its machinery industry, because
this must supply the tools for all other
industries. In the production of ma-
chines China presents a mixed picture:
she is well advanced in some fields, far
behind in others.

As in the chemical industry, in
launching a machinery industry a de-
veloping country’s first concern must be
the needs of agriculture. The Chinese
have put great emphasis on the produc-
tion of farm tractors. A single large
factory in Loyang is turning out 300
to 400 45-horsepower tractors a month,
plus some power shovels and graders.
The production cost of the tractors is
reported to be about $10,000 apiece—
30 to 40 percent higher than the stan-
dard in industrialized countries. To
Japan, which produces tractors mainly
for construction jobs rather than for
agriculture, China’s investment in trac-
tor production seems disproportionate-
ly large, since labor-saving in farming is
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less urgent than increasing the pro-
ductivity of the soil.

In addition to her tractor factories
China has a great number of small fac-
tories throughout the country producing
other agricultural machines and im-
plements. She has also developed a sub-
stantial industry in the manufacture of
pumps, which are used to a large ex-
tent for agriculture. A pump factory in
Shanghai is mass-producing about 2,000
rotary pumps a month. In size (up to
1,600 millimeters in diameter) and de-
sign (applying the latest hydrodynamic
theories) the pumps are quite modern,
and so is the equipment employed in
producing them, except for the final
testing instruments.

One of the early requirements for an
industrializing country is the production
of machinery for transportation—a vital
necessity for the exchange of products
between the agricultural and industrial
sectors. When Japan started to produce
railroad rolling stock some 90 years ago,
it took her nearly 20 years to reach the
industrial nations” technical level in this
field at the time. China began to build
locomotives 15 years ago and is now
reported to be producing almost all her
supply of these machines in her own
shops. In shipbuilding, an industry Ja-
pan developed within 20 years in the
19th century, China lags, primarily be-
cause she has relatively little foreign
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FERTILIZER PLANT at Kwangchow (Canton) went into opera-

tion in 1964, producing such nitrogenous fertilizers as ammonium
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trade and depends mainly on overland
and inland-waterway transport within
her own country. She has no facilities
yet for building a ship of more than
12,000 tons and lacks modern tech-
niques such as the block-building sys-
tem or construction of giant tankers.

Transport machinery in a modern in-
dustrial system also includes trucks and
automobiles, but this industry requires
a higher level of development. China
does not yet have an automotive in-
dustry in the modern sense.

After the initial development of ele-
mentary machines for agriculture and
transport, the next stage for an indus-
trializing country is the production of
machine tools and major power sources,
which entails the making of boilers,
turbines and heavy electrical machinery.
China has entered this second stage. As
I have mentioned, many of her factories
are equipped with modern machine
tools that were imported from various
countries: East Germany, Czechoslo-
vakia, Switzerland, West Germany, the
United Kingdom, France and Japan.
China herself is only beginning, how-
ever, to produce machine tools of her
own, and her progress so far is very un-
even. Her output of tools of the grind-
ing class, for example, is good, but her
boring tools are far below standard. We
can estimate the level of the Chinese
machine-tool industry by noting that it
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does not produce transfer machines, roll
grinders or jig borers and it cannot turn
out really large machines; the boring
machines are limited to 150 millimeters
(about six inches), hobbing machines
to 2,500 millimeters, vertical boring and
turning lathes to 6,000 millimeters and
planomillers to 3,000 millimeters.

China’s dependence on foreign ma-
chine tools has held back her own edu-
cation and practice in the design of
such tools, but on the other hand it
bestows the advantage that her engi-
neers are not inhibited by experience.
They can boldly explore unorthodox
approaches. For example, in a machine-
tool factory in Shanghai they have
put all the operations, from machining
of the various parts to final assembly, in
one huge, temperature-controlled room
—perhaps the largest room in the world
for making machine tools. With increas-
ing sophistication in the techniques and
synthesis of the various operations, this
room might eventually turn out the
world’s best machine tools.

Judging from the history of our own
machine-tool industry in Japan, we can
estimate that China is about 15 years
behind in this field, but with the
importation of foreign know-how she
might easily catch up in a decade.
Much the same conclusion applies to
her production of heavy electrical ma-
chinery. China has built a turbogen-

sulfate. The photograph shows the ammonia-production facility.
China still imports a large proportion of her chemical fertilizer.



erator of the high-temperature, high-
pressure type with a capacity of 30,000
kilowatts—a  position Japan reached
15 years ago. We are now building
500,000-kilowatt generators; presuma-
bly it will take China a similar period to
reach that level.

The production of automobiles re-
quires not only a high level of specific
techniques for their fabrication but also
a highly integrated industrial structure
bringing together a diversity of indus-
tries. Many different enterprises con-
tribute to the making and running of
an automobile: a wide variety of ma-
terials (including fuel) and of parts (in-
cluding many specialized instruments).
All of these must be supplied in reliable
quantity and quality. Presumably the
lack of such diversity and industrial
organization is the main reason China
has not yet even attempted to create
an automotive industry. She has only
one mass-production plant in this field:
a factory in Changchun that turns out
2,000 trucks a month. It can be esti-
mated that from this infant stage it will
take China more than 20 years to de-
velop an industry capable of producing
automobiles comparable to those of the
advanced countries. The same is true of
her production of aircraft. She has be-
gun to produce small planes by herself,
but almost all are complete copies of
Russian models.

In electronics, a field in which Chi-
nese leaders are now showing keen
interest, China has not yet gone much
further than investigations in the lab-
oratory. About the only device she has
put into pr()ducti()n is a transistor radio
incorporating  low-grade  germanium
transistors. She is not far advanced in
research on the technology of digital
computers, but it is reported that her
laboratories have recently built some
analogue computers. No doubt China
will give increasing attention to elec-
tronics in the coming years, because of
its great importance from the stand-
point of automating her industries and
developing communications over her
large territory.

f we take Japan to be typical of the

modern industrialized country, then
by nearly all the indexes China is 10
to 15 years behind in technology. It is
a striking fact that the Japanese en-
gineers who have visited China recently
have in almost every case found Chi-
nese engineers today confronted by the
same problems Japan attacked about
15 years ago. Since China seems to be
repeating our history technologically,
we can perhaps also make a forecast of

MACHINE TOOLS are beginning to be made domestically. The photograph shows a special
“deep hole” drilling machine that was produced at the Shanghai Heavy Machine Tool Plant.

her likely development in economic
terms.

In 1950 Japan’s income as a nation
was $9.3 billion, amounting to $93 per
capita. She soon passed the level of
$100 per capita, and thereafter she
was able to devote an average of about
30 percent of her annual gross national
product to capital investment; in 1961
she actually allocated 43 percent of her
GNP. to expanding her productive
capacity. This high rate of investment
enabled the nation to generate a growth
rate of 10 to 20 percent a year in
G.N.P. By 1965 her national income
had risen to $62 billion, or $620 per
capita. In 15 years it had multiplied
sevenfold.

China’s present national income is
estimated to be about $100 per capita,
or $60 billion in total for her estimated
600 million population. Most of that
income of course comes from agri-
culture. She has emerged from the
“takeoft” stage (to borrow a term from
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the US. economist W. W. Rostow)
and entered the industrialization stage.
If she follows the experience of Japan,
she will soon accumulate enough tech-
nical knowledge and capital to make
a breakthrough into a period of rap-
id economic growth, a growth that is
driven by industrial investment. In 10
to 15 years she might attain a per capita
income equal to Japan’s present figure
($620). In that case China’s gross na-
tional income would be about 70 per-
cent as large as that of the U.S.

How far off is the impending break-
through for China? My own estimate is
five to 10 years. One may wonder, of
course, whether recent political events
in China, apparent to the outside world
largely in the activities of the so-called
“Red Guards,” will affect this timetable.
In this connection I shall observe that
Japan suffered from similar political in-
stability in the years before World War
II. Thereafter the pace of her progress
toward industrialization was quicker.
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HOMO ERECTUS

This species, until recently known by a multiplicity of other names,

was probably the immediate predecessor of modern man. It now

seems possible that the transition took place some 500,000 years ago

n 1891 Eugeéne Dubois, a young
I Dutch anatomist bent on discover-
ing early man, was examining a
fossil-rich layer of gravels beside the
Solo River in Java. He found what he
was after: an ancient human skull. The
next year he discovered in the same for-
mation a human thighbone. These two
fossils, now known to be more than
700,000 years old, were the first remains
to be found of the prehistoric human
species known today as Homo erectus.
It is appropriate on the 75th anniversary
of Dubois’s discovery to review how our
understanding of this early man has
been broadened and clarified by more
recent discoveries of fossil men of simi-
lar antiquity and the same general char-
acteristics, so that Homo erectus is now
viewed as representing a major stage
in the evolution of man. Also of interest,
although of less consequence, is the way
in which the name Homo erectus, now
accepted by many scholars, has been
chosen after a long period during which
“scientific” names for human fossils were
bestowed rather capriciously.

Man first received his formal name
in 1758, when Carolus Linnaeus called
him Homo sapiens. Linnaeus was trying
simply to bring order to the world of
living things by distinguishing each
species of plant and animal from every
other and by arranging them all in a
hierarchical system. Considering living
men, he recognized them quite correct-
ly as one species in the system. The two
centuries that followed Linnaeus saw
first the establishment of evolutionary
theory and then the realization of its ge-
netic foundations; as a result ideas on
the relations of species as units of plant
and animal life have become considera-
bly more complex. For example, a spe-
cies can form two or more new species,
which Linnaeus originally thought was
impossible. By today’s definition a spe-
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cies typically consists of a series of local
or regional populations that may ex-
hibit minor differences of form or color
but that otherwise share a common
genetic structure and pool of genes and
are thus able to interbreed across popu-
lation lines. Only when two such popu-
lations have gradually undergone so
many different changes in their genetic
makeup that the likelihood of their in-
terbreeding falls below a critical point
are they genetically cut off from each
other and do they become separate spe-
cies. Alternatively, over a great many
generations an equivalent amount of
change will take place in the same pop-
ulation, so that its later form will be
recognized as a species different from
the earlier. This kind of difference, of
course, cannot be put to the test of in-
terbreeding and can only be judged by
the physical form of the fossils involved.

In the case of living man there is
no reason to revise Linnaeus’ assign-
ment: Homo sapiens is a good, typical
species. Evolution, however, was not
in Linnaeus’ ken. He never saw a hu-
man fossil, much less conceived of men
different from living men. Between his
time and ours the use of the Linnaean
system of classification as applied to
man and his relatives past and present
became almost a game. On grasping the
concept of evolution, scholars saw that
modern man must have had ancestors.
They were prepared to anticipate the
actual discovery of these ancestral
forms, and perhaps the greatest an-
ticipator was the German biologist
Ernst Haeckel. Working on the basis of
fragmentary information in 1889, when
the only well-known fossil human re-
mains were the comparatively recent
bones discovered 25 years earlier in the
Neander Valley of Germany, Haeckel
drew up a theoretical ancestral line for
man. The line began among some postu-
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lated extinct apes of the Miocene epoch
and reached Homo sapiens by way of an
imagined group of “ape-men” (Pithe-
canthropi) and a group of more ad-
vanced but still speechless early men
(Alali) whom he visualized as the
worldwide stock from which modern
men had evolved [see illustration on
page 48]. A creature combining these
various presapient attributes took form
in the pooled imagination of Haeckel
and his compatriots August Schleicher
and Gabriel Max. Max produced a fam-
ily portrait, and the still-to-be-discov-
ered ancestor was given the respectable
Linnaean name Pithecanthropus alalus.

Were he living today Haeckel would
never do such a thing. It is now the
requirement of the International Code
of Zoological Nomenclature that the
naming of any new genus or species be
supported by publication of the speci-
men’s particulars together with a de-
scription showing it to be recognizably
different from any genus or species pre-
viously known. Haeckel was rescued
from retroactive embarrassment, how-
ever, by Dubois, who gave Haeckel’s
genus name to Java man. The skull was
too large to be an ape’s and apparently
too small to be a man’s; the name Pithe-
canthropus seemed perfectly appropri-
ate. On the other hand, the thighbone
from the same formation was essentially
modern; its possessor had evidently
walked upright. Dubois therefore gave
his discovery the species name erectus.
Since Dubois’s time the legitimacy of
his finds has been confirmed by the
discovery in Java (by G. H. R. von
Koenigswald between 1936 and 1939
and by Indonesian workers within the
past three years) of equally old and
older fossils of the same population.
In the 50 years between Dubois’s
discovery and the beginning of World



JAVA MAN, whose 700,000-year-old remains were unearthed in
1891 by Eugéne Dubois, is representative of the earliest Homo
erectus population so far discovered. This reconstruction was made
recently by G. H. R. von Koenigswald and combines the features of
the more primitive members of this species of man that he found in
the lowest (Djetis) fossil strata at Sangiran in central Java during

the 1930’s. The characteristics that are typical of Homo erectus in-
clude the smallness and flatness of the cranium, the heavy brow-
ridge and both the sharp bend and the ridge for muscle attachment
at the rear of the skull. The robustness of the jaws adds to the
species’ primitive appearance. In most respects except size, how-
ever, the teeth of Homo erectus resemble those of modern man.

LANTIAN MAN is the most recently found Homo erectus fossil.
The discovery consists of a jawbone and this skulleap (top view,
browridge at bottom) from which the occipital bone (top) is par-
tially detached. Woo Ju-kang of the Chinese Academy of Sciences
in Peking provided the photograph; this fossil man from Shensi
may be as old as the earliest specimens of Homo erectus from Java.

OCCIPITAL BONE found at Vértesszollos in Hungary in 1965 is
500,000 or more years old. The only older human fossil in Europe is
the Heidelberg jaw. The bone forms the rear of a skull; the ridge
for muscle attachment (horizontal line) is readily apparent. In
spite of this primitive feature and its great age, the skull fragment
from Vértesszollos has been assigned to the species Homo sapiens.
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War II various other important new
kinds of human fossil came into view.
For our purposes the principal ones
(with some of the Linnaean names thrust
on them) were (1) the lower jaw found
at Mauer in Germany in 1907 (Homo
heidelbergensis or Palacanthropus), (2)
the nearly complete skull found at Bro-
ken Hill in Rhodesia in 1921 (Homo
rhodesiensis or Cyphanthropus), (3) var-
ious remains uncovered near Peking in
China, beginning with one tooth in 1923
and finally comprising a collection rep-
resenting more than 40 men, women
and children by the end of 1937 (Sinan-
thropus pekinensis), and (4) several
skulls found in 1931 and 1932 near

Ngandong on the Solo River not far
from where Dubois had worked (Homo
soloensis or Javanthropus). This is a fair
number of fossils, but they were threat-
ened with being outnumbered by the
names assigned to them. The British stu-
dent of early man Bernard G. Campbell
has recorded the following variants in
the case of the Mauer jawbone alone:
Palacanthropus heidelbergensis, Pseud-
homo  heidelbergensis, Protanthropus
heidelbergensis, Prachomo heidelber-
gensis, Prachomo curopaeus, Anthropus
heidelbergensis, Maueranthropus heidel-
bergensis, Europanthropus heidelber-
gensis and Euranthropus.

Often the men responsible for these
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THE NAME “PITHECANTHROPUS,” or ape-man, was coined by the German biologist
Ernst Haeckel in 1889 for a postulated precursor of Homo sapiens. Haeckel placed the ape-
man genus two steps below modern man on his “tree” of primate evolution, adding the

species name alalus, or “speechless,” because
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he deemed speech an exclusively human trait.
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redundant christenings were guilty mere-
ly of innocent grandiloquence. They
were not formally declaring their con-
viction that each fossil hominid belonged
to a separate genus, distinct from
Homo, which would imply an enormous
diversity in the human stock. Nonethe-
less, the multiplicity of names has inter-
fered with an understanding of the evo-
lutionary significance of the fossils that
bore them. Moreover, the human family
trees drawn during this period showed a
fundamental resemblance to Haeckel’s
original venture; the rather isolated
specimens of early man were stuck
on here and there like Christmas-tree
ornaments. Although the arrangements
evinced a vague consciousness of evolu-
tion, no scheme was presented that in-
telligibly interpreted the fossil record.

At last two questions came to the

fore. First, to what degree did the
fossils really differ? Second, what was
the difference among them over a pe-
riod of time? The fossil men of the most
recent period—those who had lived
between roughly 100,000 and 30,000
years ago—were Neanderthal man, Rho-
desian man and Solo man. They have
been known traditionally as Homo ne-
anderthalensis, Homo rhodesiensis and
Homo soloensis, names that declare each
of the three to be a separate species,
distinct from one another and from
Homo sapiens. This in turn suggests
that if Neanderthal and Rhodesian pop-
ulations had come in contact, they
would probably not have interbred.
Such a conclusion is difficult to estab-
lish on the basis of fossils, particularly
when they are few and tell very little
about the geographical range of the
species. Today’s general view is a con-
trary one. These comparatively recent
fossil men, it is now believed, did not
constitute separate species. They were
at most incipient species, that is, sub-
species or variant populations that had
developed in widely separated parts of
the world but were still probably able
to breed with one another or with
Homo sapicns.

It was also soon recognized that the
older Java and Peking fossils were not
very different from one another. The sug-
gestion followed that both populations
be placed in a single genus (Pithecan-
thropus) and that the junior name (Sin-
anthropus) be dropped. Even this, how-
ever, was one genus too many for Ernst
Mayr of Harvard University. Mayr,
whose specialty is the evolutionary basis
of biological classification, declared that
ordinary zoological standards would not
permit Java and Peking man to occupy
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EIGHT SUBSPECIES of Homo erectus that are generally accepted
today have been given appropriate names and ranked in order of
evolutionary progress by the British scholar Bernard G. Campbell.
The author has added Lantian man to Campbell’s lowest Homo

a genus separate from modern man. In
his opinion the amount of evolutionary
progress that separates Pithecanthropus
from ourselves is a step that allows the
recognition only of a different species.
After all, Java and Peking man appar-
ently had bodies just like our own; that
is to say, they were attacking the prob-
lem of survival with exactly the same
adaptations, although with smaller
brains. On this view Java man is placed
in the genus Homo but according to the
rules retains his original species name
and so becomes Homo erectus. Under
the circumstances Peking man can be
distinguished from him only as a sub-
species: Homo erectus pekinensis.

The simplification is something more
than sweeping out a clutter of old
names to please the International Com-
mission on Zoological Nomenclature.
The reduction of fossil hominids to not
more than two species and the recogni-
tion of Homo erectus has become in-
creasingly useful as a way of looking
at a stage of human evolution. This
has been increasingly evident in re-
cent years, as human fossils have con-
tinued to come to light and as new and
improved methods of dating them have
been developed. It is now possible to
place both the old discoveries and the
new ones much more precisely in time,
and that is basic to establishing the
entire pattern of human evolution in the
past few million years.

AFRICA | EAST AFRICA | SOUTH AFRICA| EAST ASIA

HOMO ERECTUS | HOMO ERECTUS
5 | MAURITANICUS | LEAKEYI

HABILIS CAPENSIS

To consider dating first, the period
during which Homo erectus flourished
occupies the early middle part of the
Pleistocene epoch. The evidence that
now enables us to subdivide the Pleis-
tocene with some degree of confidence
is of several kinds. For example, the
fossil animals found in association with
fossil men often indicate whether the
climate of the time was cold or warm.
The comparison of animal communi-
ties is also helpful in correlating inter-
vals of time on one continent with
intervals on another. The ability to de-
termine absolute dates, which makes
possible the correlation of the relative
dates derived from sequences of strata
in widely separated localities, is anoth-
er significant development. Foremost
among the methods of absolute dating
at the moment is one based on the rate
of decay of radioactive potassium into
argon. A second method showing much
promise is the analysis of deep-sea sedi-
ments; changes in the forms of plank-
tonic life embedded in samples of the
bottom reflect worldwide temperature
changes. When the absolute ages of key
points in sediment sequences are deter-
mined by physical or chemical methods,
it ought to be possible to assign dates to
all the major events of the Pleistocene.
Such methods have already suggested
that the epoch began more than three
million years ago and that its first major
cold phase (corresponding to the Giinz
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erectus grade and provided a fourth grade to accommodate Solo
man, a late but primitive survival. The author has also added a fifth
grade for the Homo sapiens fossil from Vértesszollos (color). Col-
ored area suggests that Heidelberg man is its possible forebear.

glaciation of the Alps) may date back
to as much as 1.5 million years ago. The
period of time occupied by Homo erec-
tus now appears to extend from about
a million years ago to 500,000 years ago
in terms of absolute dates, or from some
time during the first interglacial period
in the Northern Hemisphere to about
the end of the second major cold phase
(corresponding to the Mindel glaciation
of the Alps).

On the basis of the fossils found be-
fore World War II, with the exception
of the isolated and somewhat peculiar
Heidelberg jaw, Homo erectus would
have appeared to be a human popula-
tion of the Far East. The Java skulls,
particularly those that come from the
lowest fossil strata (known as the Djetis
beds), are unsurpassed within the entire
group in primitiveness. Even the skulls
from the strata above them (the Trinil
beds), in which Dubois made his origi-
nal discovery, have very thick walls and
room for only a small brain. Their cra-
nial capacity probably averages less
than 900 cubic centimeters, compared
with an average of 500 c.c. for gorillas
and about 1,400 c.c. for modern man.
The later representatives of Java man
must be more than 710,000 years old,
because potassium-argon analysis has
shown that tektites (glassy stones formed
by or from meteorites) in higher strata
of the same formation are of that age.

The Peking fossils are younger, prob-
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ably dating to the middle of the second
Pleistocene cold phase, and are physi-
cally somewhat less crude than the Java
ones. The braincase is higher, the face
shorter and the cranial capacity ap-
proaches 1,100 c.c., but the general con-
struction of skull and jaw is similar. The
teeth of both Java man and Peking man
are somewhat larger than modern man’s
and are distinguished by traces of an
enamel collar, called a cingulum, around
some of the crowns. The latter is an
ancient and primitive trait in man and
apes.

Discoveries of human fossils after

World War II have added signifi-
cantly to the picture of man’s distribu-
tion at this period. The pertinent finds
are the following:

1949: Swartkrans, South Africa. Jaw
and facial fragments, originally given
the name Telanthropus capensis. These
were found among the copious remains
at this site of the primitive subhumans
known as australopithecines. The fos-
sils were recognized at once by the late
Robert Broom and his colleague John
T. Robinson as more advanced than the
australopithecines both in size and in
traits of jaw and teeth. Robinson has
now assigned Telanthropus to Homo
erectus, since that is where he evidently
belongs.

1955: Ternifine, Algeria. Three jaws
and a parietal bone, given the name
Atlanthropus mauritanicus, were found
under a deep covering of sand on the
clay floor of an ancient pond by Camille
Arambourg. The teeth and jaws show a
strong likeness to the Peking remains.

1961: Olduvai Gorge, Tanzania. A
skulleap, not formally named but identi-
fied as the Bed IT Hominid, was discov-
ered by L. S. B. Leakey. Found in a
context with a provisional potassium-
argon date of 500,000 years ago, the
skull's  estimated cranial capacity is
1,000 c.c. Although differing somewhat
in detail, it has the general character-
istics of the two IFar Eastern subspecies
of Homo erectus. At lower levels in this
same important site were found the re-
mains of a number of individuals with
small skulls, now collectively referred to
as “Homo habilis.”

1963-1964: Lantian district, Shensi,
China. A lower jaw and a skullcap were
found by Chinese workers at two sepa-
rate localities in the district and given
the name Sinanthropus lantianensis.
Animal fossils indicate that the Lantian
sites are older than the one that yielded
Peking man and roughly as old as the
lowest formation in Java. The form of
the skull and jaw accords well with this
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I'OSSIL EVIDENCE for the existence of a single species of early man instead of several
species and genera of forerunners of Homo sapiens is presented in this array of individual
remains whose age places them in the interval of approximately 500,000 years that separaies
the first Pleistocene interglacial period from the end of the second glacial period (see scale
at left). The earliest Homo erectus fossils known, from Java and China, belong to the first
interglacial period; the earliest Homo erectus remains from South Africa may be equally

© 1966 SCIENTIFIC AMERICAN, INC



EUROPE

old. Half a million years later Homo erectus continued to be repre-
sented in China by the remains of Peking man and in Africa by the
skull from Olduvai Gorge. In the intervening period this small-
brained precursor of modern man was not the only human species
inhabiting the earth, nor did Homo erectus become extinct when
the 500,000-year period ended. One kind of man who had apparent-

ly reached the grade of Homo sapiens in Europe by the middle or
later part of the second Pleistocene glacial period was unearthed
recently at Vértesszollos in Hungary. In the following inter-
glacial period Homo sapiens is represented by the Steinheim
and Swanscombe females. Solo man’s remains indicate that Homo
erectus survived for several hundred thousand years after that.
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dating; both are distinctly more primi-
tive than the Peking fossils. Both differ
somewhat in detail from the Java sub-
species of Homo erectus, but the esti-
mated capacity of this otherwise large
skull (780 c.c.) is small and close to that
of the earliest fossil cranium unearthed
in Java.

1965: Vértesszollos, Hungary. An iso-
lated occipital bone (in the back of the
skull) was found by L. Vértes. This skull
fragment is the first human fossil from
the early middle Pleistocene to be un-
earthed in Europe since the Heidelberg
jaw. It evidently dates to the middle or
later part of the Mindel glaciation and
thus falls clearly within the Homo erec-
tus time zone as defined here. The bone
is moderately thick and shows a well-
defined ridge for the attachment of neck
muscles such as is seen in all the erec-
tus skulls. It is unlike erectus occipital
bones, however, in that it is both large
and definitely less angled; these features
indicate a more advanced skull,

DISTRIBUTION of Homo erectus seemed to be confined mainly
to the Far East and Southeast Asia on the basis of fossils unearthed
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In addition to these five discoveries,
something else of considerable impor-
tance happened during this period. The
Piltdown fraud, perpetrated sometime
before 1912, was finally exposed in
1953. The detective work of J. S. Wein-
er, Sir Wilfrid Le Gros Clark and Ken-
neth Oakley removed from the fossil
record a supposed hominid with a fully
apelike jaw and manlike skull that could
scarcely be fitted into any sensible evo-
lutionary scheme.

From this accumulation of finds, many

of them made so recently, there
emerges a picture of men with skeletons
like ours but with brains much smaller,
skulls much thicker and flatter and fur-
nished with protruding brows in front
and a marked angle in the rear, and
with teeth somewhat larger and exhibit-
ing a few slightly more primitive traits.
This picture suggests an evolutionary
level, or grade, occupying half a million
years of human history and now seen
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to prevail all over the inhabited Old
World. This is the meaning of Homo
erectus. It gives us a new foundation
for ideas as to the pace and the pattern
of human evolution over a critical span
of time.

Quite possibly this summary is too
tidy; before the 100th anniversary of
the resurrection of Homo erectus is cele-
brated complications may appear that
we cannot perceive at present. Even to-
day there are a number of fringe prob-
lems we cannot neglect. Here are some
of them.

What was the amount of evolution
taking place within the erectus grade?
There is probably a good deal of acci-
dent of discovery involved in defining
Homo erectus. Chance, in other words,
may have isolated a segment of a con-
tinuum, since finds from the time im-
mediately following this 500,000-year
pe_riod are almost lacking. It seems like-
ly, in fact practically certain, that real
evolutionary progress was taking place,

before World War II; the sole exception was the Heidelberg jaw.
Postwar findings in South, East and North Africa, as well as dis-



but the tools made by man during this
period reveal little of it. As for the fos-
sils themselves, the oldest skulls—from
Java and Lantian—are the crudest and
have the smallest brains. In Java, one
region with some discernible stratigra-
phy, the later skulls show signs of evolu-
tionary advance compared with the ear-
lier ones. The Peking skulls, which are
almost certainly later still, are even more
progressive. Bernard Campbell, who has
recently suggested that all the known
forms of Homo erectus be formally rec-
ognized as named subspecies, has ar-
ranged the names in the order of their
relative progressiveness. I have added
some names to Campbell’s list; they ap-
pear in parentheses in the illustration on
page 49. As the illustration indicates,
the advances in grade seem indeed to
correspond fairly well with the passage
of time.

What are the relations of Homo erec-
tus to Rhodesian and Solo man? This is
a point of particular importance, be-

FANDONG
¥ SANGIRAN
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covery of a new Homo erectus site in north-
ern China, have extended the species’ range.

cause both the African and the Java-
nese fossils are much younger than the
date we have set as the general upward
boundary for Homo erectus. Rhodesian
man may have been alive as recently
as 30,000 years ago and may have actu-
ally overlapped with modern man. Solo
man probably existed during the last
Pleistocene cold phase; this is still very
recent compared with the time zone of
the other erectus fossils described here.
Carleton S. Coon of the University of
Pennsylvania deems both late fossil men
to be Homo erectus on the basis of tooth
size and skull flatness. His placing of
Rhodesian man is arguable, but Solo
man is so primitive, so like Java man in
many aspects of his skull form and so
close to Peking man in brain size that
his classification as Homo erectus seems
almost inevitable. The meaning of his
survival hundreds of thousands of years
after the period I have suggested, and
his relation to the modern men who
succeeded him in Southeast Asia in re-
cent times, are unanswered (uestions of
considerable importance.

Where did Homo erectus come from?
The Swartkrans discovery makes it clear
that he arose before the last representa-
tives of the australopithecines had died
out at that site. The best present evi-
dence of his origin is also from Africa,
it consists of the series of fossils un-
earthed at Olduvai Gorge by Leakey
and his wife and called Homo habilis.
These remains seem to reflect a transi-
tion from an australopithecine level to
an erectus level about a million years
ago. This date seems almost too late,
however, when one considers the age of
Homo crectus finds elsewhere in the
world, particularly in Java.

Where did Homo erectus go? The
paths are simply -mtraced, both those
that presumably lead to the Swans-
combe and Steinheim people of Europe
during the Pleistocene’s second inter-
glacial period and those leading to the
much later Rhodesian and Neanderthal
men. This is a period lacking useful evi-
dence. Above all, the nature of the line
leading to living man—Homo sapiens in
the Linnaean sense—remains a matter of
pure theory.

\\ "e may, however, have a clue. Here

it is necessary to face a final prob-
lem. What was the real variation in
physical type during the time period of
Homo erectus? On the whole, consid-
ering the time and space involved, it
does not appear to be very large; the
similarity of the North African jaws to
those of Peking man, for example, is
striking in spite of the thousands of
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miles that separated the two popula-
tions. The Heidelberg jaw, however,
has always seemed to be somewhat dif-
ferent from all the others and a little
closer to modern man in the nature of
its teeth. The only other European fossil
approaching the Heidelberg jaw in an-
tiquity is the occipital bone recently
found at Vértesszollos. This piece of
skull likewise appears to be progressive
in form and may have belonged to the
same general kind of man as the Heidel-
berg jaw, although it is somewhat more
recent in date.

Andor Thoma of Hungary’s Kossuth
University at Debrecen in Hungary,
who has kindly given me information
concerning the Vértesszollos fossil, will
publish a formal description soon in the
French journal L’Anthropologie. He es-
timates that the cranial capacity was
about 1,400 c.c., close to the average
for modern man and well above that of
the known specimens of Homo erectus.
Although the occipital bone is thick, it is
larger and less sharply angled than the
matching skull area of Rhodesian man.
It is certainly more modern-looking
than the Solo skulls. T see no reason at
this point to dispute Thoma’s estimate
of brain volume. He concludes that
Vértesszollos man had in fact reached
the sapiens grade in skull form and brain
size and accordingly has named him
a subspecies of Homo sapiens.

Thoma’s finding therefore places a
population of more progressive, sapiens
humanity contemporary with the popu-
lations of Homo erectus 500,000 years
ago or more. From the succeeding inter-
glacial period in Europe have come the
Swanscombe and Steinheim skulls, gen-
erally recognized as sapiens in grade.
They are less heavy than the Hungarian
fossil, more curved in occipital profile
and smaller in size; they are also appar-
ently both female, which would account
for part of these differences.

The trail of evidence is of course
faint, but there are no present signs of
contradiction; what we may be seeing
is a line that follows Homo sapiens back
from Swanscombe and Steinheim to
Vértesszollos and finally to Heidelberg
man at the root. This is something like
the Solo case in reverse, a Homo sapiens
population surprisingly early in time, in
contrast to a possible Homo erectus poyp-
ulation surprisingly late. In fact, we are
seeing only the outlines of what we
must still discover. It is easy to perceive
how badly we need more fossils; for
example, we cannot relate Heidelberg
man to any later Eur()peans until we
find some skull parts to add to his soli-
tary jaw.
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Magnetic Fields on the Quiet Sun

Solar activity is essentially an expression of changing magnetic

fields in the sun’s atmosphere. Recent observations substantiate

a comprehensive theory that explains the 11-year magnetic cycle

nder ordinary circumstances the
I sun seems to be a changeless ce-

lestial object. So it is in compari-
son with some other stars, but when it is
observed with astronomical instruments
it is seen to be quite active. The most
striking feature of this activity is its
cyclic nature. At the beginning of each
cycle the surface of the sun is quiet,
disturbed only by the “granulation”
effect of convection cells rising from its
hot interior. Then sunspots begin to ap-
pear in the sun’s higher latitudes; over
a period of years their number and in-
tensity increase and their points of ori-
gin migrate toward the solar equator.
When, after three or four years, the sun-
spots are at their height, numerous other
signs of solar activity are most appar-
ent: bright flares, prominences and
surges, and their associated radio emis-
sions. Then the activity tapers off, and
about 11 years after the first sunspots
appeared the sun is quiet again.

In recent years it has become clear
that most solar activity is an expression
of changes in the magnetism of the sun.
Five years ago Horace W. Babcock of
the Mount Wilson and Palomar Ob-
servatories proposed a theory explain-
ing the cyclic evolution of solar mag-
netic fields. The theory could not well
be tested until the sun had moved
through a period of minimum activity,
during which the magnetic fields could
be measured at what might be called
their resting level, and had then begun
to move into a new cycle. The oppor-
tunity came in 1964-1965, the “Inter-
national Quiet Sun Year.” Observations
at the Kitt Peak National Observatory
in Arizona substantiate Babcock’s theory
in detail and make it clear that mag-
netic events on the quiet sun set the
stage for the complex, interwoven phe-
nomena that characterize the active sun.
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by William C. Livingston

Solar magnetism can be investigated
through its effect on the light absorbed
by atoms in the photosphere, the lumi-
nous surface layer of the sun. The spec-
tral lines of the light emitted or ab-
sorbed by atoms in a magnetic field are
split and the light is polarized; the ex-
tent of the splitting varies with the
strength of the field, and the direction
of polarization depends on the magnetic
polarity, or the direction of the field. In
1908 George Ellery Hale of the Mount
Wilson Observatory demonstrated this
“Zeeman effect” (named for Pieter Zee-
man, the Dutch physicist who discov-
ered it) in the spectral absorption lines
originating in sunspots. It developed
that all sunspots have strong magnetic
fields, that the “preceding” and “follow-
ing” elements of typical sunspot pairs
(as they are seen as the sun rotates from
east to west) have opposite polarity and
that this polarity reverses in successive
11-year cycles.

Hale and his successors proceeded to
look for evidence of other magnetic
fields weaker than those of the sunspots
and perhaps indicative of a general field
of the sun comparable to that of the
earth. Spectral lines from atoms in a
weak field are barely broadened, how-
ever, and the Zeeman effect is hard to
detect. It was only in the 1950’s that
Babcock and his father, Harold D.
Babcock, were able to develop an ex-
quisitely sensitive “magnetograph,” by
which the broadening and polarization
could be measured and the direction
and strength of the field recorded and
displayed in various ways. Studies with
the new instrument revealed scattered
regions with magnetic intensities rang-
ing from less than a gauss to tens of
gauss, compared with the hundreds or
thousands of gauss in sunspot fields and
the .6 gauss of the earth’s average field.
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Most of these fields were “bipolar,” with
contiguous parts opposite in polarity as
they are in the strong sunspot fields. In
the high latitudes, however, there was
evidence of the general field Hale had
sought: widespread areas of weak mag-
netism that were predominantly of one
polarity. In 1953 the polarity was gen-
erally positive in the north and negative
in the south; by 1958 these directions
were reversed [see “The Magnetism of
the Sun,” by Horace W. Babcock; Sci-
ENTIFIC AMERICAN, February, 1960].

& magnetic pattern characteristic of
+ % the quiet sun is shown in the color
illustration on the opposite page, a map
of the magnetic fields on the sun’s sur-
face on November 5, 1964, a day when
no sunspots were visible. To make the
map the image of the sun 33.5 inches
in diameter formed at the focus of the
McMath solar telescope at Kitt Peak
was scanned back and forth across
the entrance aperture of a large spec-
trograph. The aperture—and therefore
the resolution of the instrument—was
a square about 10 seconds of arc on
a side, corresponding to an area some
7,300 kilometers square on the surface
of the sun. The spectrograph selected
a single absorption line (the line of iron
at a wavelength of 5,250 angstrom
units) and separated its split compo-
nents on the basis of their different
polarization. Photomultiplier tubes con-
verted the light from each component
into electric currents that provided a
record of the direction and intensity of
the magnetic field in each 10-by-10-
second square.

It was from this record that we built
up the map, representing fields of posi-
tive polarity in blue and negative fields
in red and letting the intensity of the
color indicate the strength of the field,



MAGNETIC FIELDS on the quiet sun on November 5, 1964, are
mapped here on the basis of measurements made with a magneto-
graph attached to the McMath solar telescope at the Kitt Peak Na-
tional Observatory in Arizona. The map was built up with colored
chips, each representing the magnetic field in an area some 7,300

kilometers on a side. Blue indicates positive polarity and red nega-
tive; intensity of color indicates the strength of the field from .8 to
about 27 gauss. The map shows several bipolar magnetic regions
(dark red and blue groups) and the general field: negative (red) in
the north, positive (blue) in the south. There were no sunspots.
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HIGH-RESOLUTION MAPS show the magnetic (left) and ve-
locity (right) fields in a quiet region of the sun. The area of the
sun covered by each map is about 80,000 kilometers wide and is
skewed because of instrument drift. The magnetic map is like
the one on the preceding page but was photographed out of focus

to soften construction detail. Positive fields are red, negative green;
field strength varies with color from 0 to 12 gauss. The velocity
map is based on Doppler shifting of light from atoms moving up
out of the sun (blue) or down into the sun (red). Velocities, shown
by color intensity, range from 0 to more than 375 meters per second.

MAGNETISM AND VELOCITY are mapped together on the basis
of data in the maps at the top of this page. The contour-like “iso-
gauss” lines show where the positive (red) or negative (green)

fields reach 1, 2, 4 and 8 gauss; in solid-color areas the field is 12
gauss or more. The gray areas are those in which the velocity
map shows little or no vertical velocity at the surface of the sun.
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which varied from about .8 to 27 gauss.
The map shows that the sun’s surface
is completely covered by magnetic
fields, with several bipolar regions vis-
ible in the solar northern hemisphere
and one in the southern. There is also
a predominance of negative fields (red)
in the north and of positive fields (blue)
in the south.

et us analyze the November 5 mag-
netogram in terms of present theo-
ry, first considering two conceptual tools
that will be basic to this discussion. One
is the idea of magnetic lines of force.
Magnetic fields can best be dealt with
in terms of these imaginary constructs:
endless loops along which a compass
needle would be aligned. The strength
of the field in a given volume of space
is considered to depend simply on the
number of lines that cut through the
volume; if any physical process causes
a compression or rarefaction of the lines
of force, the magnetic intensity is in-
creased or decreased in proportion to
the density of the lines.

The other concept is that of “frozen
in” lines of force. There is a close—al-
most an inseparable—coupling between
magnetic lines of force and the ma-
terial of the sun. This is a consequence
of the rather high electrical conductiv-
ity of the solar atmosphere, which is
somewhat greater than that of seawater.
Any movement of a line of force through
this conductive gaseous medium induces
an electric current that tends to oppose
the motion exactly, so that the line of
force carries the surrounding gas along
with it. By the same token any forced
motion of the solar atmosphere tends to
carry the frozen-in line of force along
with the gas.

Now to develop Babcock’s theory,
taking the November 5 map as a start-
ing point. Consider the sun as a dipole
magnet, with lines of force emerging
from the south polar region, presumably
looping through the corona, or outer
atmosphere of the sun, and reentering
near the north pole [see “I” in illustra-
tion on next two pages]. Old textbooks
would have these lines converging to a
hypothetical bar magnet at the center
of the sun; present models of the in-
terior of the sun suggest, however, that
the lines actually penetrate no more
than a tenth of the distance to the cen-
ter. In other words, the general field is
mainly a surface phenomenon. This is
a result of the lines’ becoming frozen
in and of differential rotation: the fact
that the sun does not rotate as a solid
body but rather as a fluid one, with a
period ranging from about 27 days at

the equator to 32 days in the upper
latitudes. Now consider a single line
of force, one that enters and leaves the
sun at a latitude of about 60 degrees
[2]. As the entry and exit points make
successive rotations, the points nearer
the equator begin to pull ahead, with
the result that the frozen-in line becomes
drawn out along the equator [3].

Each successive rotation draws the
line out more, until the point at which
it crosses the equator “laps” the entry
and exit points like a runner lapping
the field on a closed track. The process
continues; after three years the line is
wrapped completely around the interior
of the sun six times [“4” in illustration].
Babcock calculated, on the basis of the
variation of rotation period with lati-
tude, that the resulting spiral becomes
tighter and the lines of force become
correspondingly closer with increasing
latitude. This crowding of the lines of
force is equivalent to a local increase in
field strength at higher latitudes. In ad-
dition to the one line we have been con-
sidering there are of course innumer-
able other lines originating in the polar

regions, and the entire set will form a
spherical shell of lines of force. This
shell is affected by the convective cur-
rents moving outward from the deep
interior of the sun; a rising convective
cell tends to curl up the edge of a “belt”
of lines of force [5]; together with dif-
ferential rotation, this rolls the belt into
irregularly twisted tubes or ropes. If at
this point chance convection currents
cause a kink at some place along such
a rope, the lines of force become further
constricted; the density of the magnetic
flux increases and a kind of magnetic
buoyancy causes the rope to rise to the
surface of the sun. Breaking free of the
solar matter, the lines of force fan out
in a typical loop configuration, thereby
forming a bipolar magnetic region and,
if the region is of sufficiently high in-
tensity, a sunspot group [6]. Clearly
the critical flux density that will drive
the rope to the surface is most likely to
be attained, early in the solar cycle, at
the high latitudes where the lines are
most closely wrapped. The polarity of
the preceding (or westerly) and follow-
ing (or easterly) fields of a bipolar re-

MAGNETIC MAP of the sun made this past April 29 shows a later stage of the solar cycle
than the map on page 55. The southern hemisphere was still quiet but the northern hemi-
sphere had more active regions and greater field strengths than in 1964; the strongest (solid
black) were 500 to 1,000 gauss and there were several sunspots. Black-and-white reproduc-
tion does not distinguish positive and negative polarities, which were oriented as in 1964.
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gion is logically related to the orienta-
tion of the general polar field that gave
birth to it [7].

M"he Babcock theory accounts for the

rather rapid formation of compact
bipolar magnetic regions. What explains
their slower dissipation, apparently by
gradual expansion and weakening? In
1964 Robert B. Leighton of the Cali-
fornia Institute of Technology and his
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colleagues discovered at Mount Wilson
systematic horizontal currents on the
surface of the sun and showed that these
currents must serve to disperse the com-
pact magnetic regions. Leighton called
this horizontal motion “supergranula-
tion.” He thus compared it to the
“white-light granulation” that forms the
base of the photosphere. This granula-
tion, which presents the rice-grain pat-
tern visible in the best photographs of
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CONVECTIVE CELL

BABCOCK THEORY of the magnetic cycle considers the sun as a
dipole magnet (I). A typical magnetic line of force entering and
leaving the sun at a latitude of 60 degrees penetrates about a tenth
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the sun in white light, is derived from
the cells of hot gas that rise from the in-
terior. These convection cells appear to
be about 1,000 kilometers in diameter
and to have an individual lifetime of
about six minutes. Leighton considers
that supergranulation is a large-scale
counterpart, with cells that are some
15,000 kilometers in diameter and last
about a day. These cells are not visible
in white light; supergranulation reveals

R
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of the way to the center (2). As the sun rotates the line of force be-
comes drawn out along the equator because the period of rotation
is shorter there than nearer the poles (3). This process in time cre-
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itself only as a pattern of horizontal mo-
tion across the surface of the sun that
can be detected spectroscopically.
Leighton suggests that a given super-
granulation cell moves an element of
gas, along with its magnetic field, in
some direction for about a day. Then
a new cell gives the same element a
new direction completely independent
of its earlier motion. In this way an ele-
ment of solar material is moved over

3
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ates a shell of lines of force (4), their density varying with latitude
(gray areas). Convection cells rising to the surface curl lines into a
rope (5). If a kink develops, the rope may be forced to the surface

the surface in a “random walk.” Thus
supergranulation nibbles at the bound-
aries of a compact field, moving parts
of the field this way and that until even-
tually, with the aid of differential rota-
tion, the field becomes greatly extended.
Young bipolar regions lie approximately
along parallels of latitude, but with a
tilt that puts the following component
nearer the pole than the preceding com-
ponent. Leighton’s calculations show

4
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that the following component expands
preferentially toward the polar region
[“8” in illustration below]. As the solar
cycle advances, this preferential move-
ment slowly populates the polar regions
with remnant following fields. Since in
any given generation of bipolar regions
these following fields are always oppo-
site in sign to the pole adjacent to them,
their migration explains the periodic re-
versal of the sun’s magnetic dipole and

(6), forming a bipolar magnetic region (BMR) with “preceding”
(P) and “following” (F) fields (7). The F fields expand toward
the poles (8), thus eventually reversing the sun’s magnetic polarity.
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MAJOR FEATURES of the map on page 55 are diagrammed in terms of the magnetic-cycle
theory. The polar fields are derived from the “following” fields of the previous cycle, from
which one bipolar region still remains in the southern hemisphere. The relative polarity of
the bipolar regions in the northern hemisphere shows them to be of the current cycle.

sets the stage for successive solar cycles.

Recent studies at Mount Wilson by
Robert Howard and the Czechoslovak-
ian astronomer V. Bumba support the
Babcock-Leighton view by providing
some details of the gradual weakening
and breaking up of the bipolar regions.
Examining magnetic records from over
a period of years, Howard and Bumba
noted what happens when two ran-
domly moving fields approach each

WHITE-LIGHT GRANULATION, shown in a photograph (left)
made at the Aerospace Corporation observatory in California, con-
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other. Contrary to expectatioﬁ, two
fields of opposite polarity seem to repel
each other; fields of the same polarity
seem to coalesce, adding their strengths.
What probably actually happens is that
convection, random walk and differen-
tial rotation mix the converging fields
thoroughly. In the case of fields of op-
posite polarity the structure becomes so
fine that to the magnetograph, with its
finite resolution, the net field is zero and
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the “empty” region simulates repulsion.
Fields of the same polarity, on the other
hand, cause the magnetograph to register
a definite intensity over the area it re-
solves. The background fields that cover
most of the sun with a random magnet-
ic pattern can thus be considered the
ground-up remnants of bipolar magnet-
ic regions—the debris of past stages in
the solar cycle.

Let us turn back to the November 5
map [page 55] and see how it conforms
with the theoretical picture [see illus-
tration at left]. Random, ground-up
fields cover most of the surface. The
three bipolar regions in the northern
hemisphere are recognizable as being of
the current cycle because of their posi-
tion high in the hemisphere and their
relative polarity with respect to the
polar, or parent, field. The single bi-
polar region in the southern hemisphere,
on the other hand, is near the equator;
the polarity of its two components is
not what one would expect of a region
spawned by the current cycle. It is, in
fact, a remnant field from the last cycle,
when the polarity of the polar fields was
the opposite of what it is now.

This past April 29 we made another
magnetic map of the sun that showed a
later stage in the solar cycle [see illus-
tration on page 57]. Although the south-
ern hemisphere was still characteristic
of the quiet sun, the northern hemi-
sphere had developed a number of more
active magnetic regions, some of which
appeared as sunspots on a white-light
photograph of the sun.

So far T have discussed magnetic pic-

tures of the sun made through rather
coarse “eyes.” There are interesting
questions that call for substantially high-
er resolving power, close to the limit

sists of rising cells of hot gas separated by dark lanes of descending
gas. The spectrograph (right), made with the McMath telescope at



(about one second of arc) set by the
blurring effect of the earth’s atmo-
sphere. One question is whether or not
the quiet sun is covered by minute but
very strong fields that have not yet
been resolved. Beyond this there is the
broader question of the relation of mag-
netic fields and the white-light granula-
tion.

The Swedish physicist Hannes Alf-
vén has often questioned the validity of
magnetograph results because each mea-
surement necessarily averages the field
over a large area. The 10-second aper-
ture, for example, encompasses perhaps
a dozen granulation cells. If field lines
are twisted and distorted by turbulent
gas motions in the granules, the overall
field might seem to be weak or non-
existent even if small peak fields of
hundreds of gauss are present in in-
dividual granules. If this is the case,
high-resolution measurements should
detect higher peak fields.

Solar granulation is difficult to ob-
serve by any means. It can be photo-
graphed from the ground only with
a near-perfect telescope and under
the best “seeing” conditions—when the
atmosphere of the earth is exceptionally
steady. The clearest photographs of
granulation available were made with
a balloon-borne telescope at an alti-
tude of 80,000 feet [see “Balloon As-
tronomy,” by Martin and Barbara
Schwarzschild; SClENTIFIC AMERICAN,
May, 1959]. Since then ground-based
astronomers have made pictures almost
as good [see photograph at left in illus-
tration at bottom of these two pages].

Tt has been assumed that the bright
polygonal shapes seen in granulation
pictures are convection cells of hot
gases moving up with respect to the
darker intergranule lanes. This is con-

Kitt Peak, shows the “overshoot” effect that granulation has on the
photosphere. The dark horizontal streaks are from the lanes of

CHROMOSPHERE, the atmospheric layer above the photosphere, or luminous surface of
the sun, is sharplyresolved in this “filtergram” made in the red hydrogen-alpha spectral line
at the Lockheed Solar Observatory in California. The orientation of the fibrils of gas
suggests that the sun’s magnetic fields exert influence on this layer of its atmosphere.

firmed by spectroscopic studies. When
the granulation image is focused on the
slit of a spectrograph, the absorption
lines are seen to take on a wavy ap-
pearance [see photograph at right in
illustration at Dbottom of these two
pages]; there is a Doppler shift to the
right (to a longer wavelength) that co-
incides with the intergranule regions,
where cooler gases are presumably mov-
ing downward. The spectral lines origi-
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nate in the photosphere, above the gran-
ulation. It appears that there is an “over-
shoot” from the granulation cells up into
the more tenuous photosphere. In addi-
tion to this motion, which is suggestive
of systematic convective currents, time
studies show that the solar atmosphere
is oscillating vertically with a  well-
defined period of about five minutes;
gravity waves and sound waves driven
by disturbances moving vertically out

L

. A |

e R

descending gas. At each streak the vertical absorption lines shift
to the right, showing that the absorbing atoms are moving down.
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PHOTOSPHERE, the layer in which absorption lines used in mag-

netic measurements originate, is the scene of converging motions,

of the granules have been suggested as
sources of this oscillation. When one
adds to these vertical motions the hori-
zontal movement of supergranulation,
it is clear that a number of energetic
driving forces must converge in the
photosphere [sec illustration above]. We
are trying to learn the role of magnetic
forces in the dynamics of the situation.

Under good seeing conditions we ob-

tained a high-resolution magneto-
gram covering a small area at the cen-
ter of the solar disk. The aperture of
the spectrograph was a square 1.8 sec-
onds of arc on a side [see photograph
at left in top illustration on page 56].
Although this aperture is some 30 times
smaller than the one used for the full-
disk record of 1964, the field intensi-
ties are in the same range as those
recorded with the coarse scan. There-
fore, in reply to Alfvén’s question, if
there are localized strong fields their
size must be much less than a second
of arc. Moreover, the fields depicted
by the high-resolution magnetogram do
not resemble a granulation pattern. Al-
though it is tempting to conclude that
the granulation has no specific magnetic
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character, it may be that the resolu-
tion is still inadequate; it is always
difficult to judge the full effect of tele-
scope imperfections and seeing con-
ditions on such observations.

If there is a relation between mag-
netic field and granulation, it should
be reflected in the pattern of vertical
velocities in the area covered by the
magnetogram. Along with the high-
resolution magnetic data we recorded
the Doppler shift of the absorption lines
[sce photograph at right in top illustra-
tion on page 56]. There seems to be
little correlation between velocity and
magnetic fields except that maximum
field strength tends to occur along lines
of minimum velocity [see bottom illus-
tration on page 56]. Why this should be
so is not understood. Improvements in
technique may yet establish a direct
tie between the white-light granula-
tion and magnetic fields.

One other problem of solar physics
on which magnetic studies should pro-
vide evidence is the origin and mecha-
nism of solar flares, the sudden bright
flashes in the sun’s upper atmosphere,
usually above sunspots, that emit radia-
tion and particles that disturb the earth’s
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VERTICAL
OSCILLATION

among them overshoot from granulation cells (curved arrows),
vertical oscillation and the horizontal flow of supergranulation.

ionosphere and also cause geomagnetic
storms. During the last solar maximum,
between 1957 and 1961, A. B. Severny
of the Crimean Astrophysical Observa-
tory in the U.S.S.R. found that flares
occur in regions where there is a steep
gradient in the magnetic field, and that
the stronger the gradient, the greater
the flare’s terrestrial effects.

Flares are difficult to observe be-
cause they begin abruptly and without
warning. With the passing of solar
minimum a number of observatories are
getting ready to follow magnetic de-
velopments on the sun closely, with the
emphasis on preparing high-resolution
maps of areas likely to produce flares.
The knowledge that has been gained
about the magnetic structure of the
quiet sun should provide the necessary
foundation for this work. Whereas dur-
ing the last approach to maximum ac-
tivity on the sun only two observatories
were equipped for magnetic measure-
ments, now worldwide observations are
to be made at more than a dozen in-
stallations. The next decade should see
important advances in the observation
and interpretation of solar magnetic

fields.



Hardly worth mentioning

Osmium has many distinctions. Long considered the heaviest
substance known, it has had a metallurgical career in which it
has written billions of words on the tips of pens and has done
duty in lamp filaments and in standards of weight and measure.
Os0y4, its most prominent compound, surprises by being quite
volatile and smelling bad, a fact which gave the element its
name. Through this highly toxic compound, osmium has had a
second and perhaps more important role as a stain and hard-
ening agent in microscopy. The light microscopists had famil-
iarized themselves with OsO4 so that it was ready for the elec-
tron microscopists, who need it worse for its electron-stopping
power.

Now (Biochemistry, 5:2283) there is news about it that ties
it into the fashionable subject of genetic code-reading and the
possibility of doing so by the electron microscope. OsOs,
which ‘reacts with denatured DNA but not with double-
stranded DNA, can differentiate between nucleotides. It at-
tacks desoxythymidine quantitatively. Investigating this reac-
tion, the authors turned to thin-layer chromatography on flex-

Higher than a kite,
cheaper than a satellite

We smile at the number of tons of a certain polyolefin formula-
tion which Winzen Research, Inc. of Minneapolis has just
- ordered from us. The.size of
St oy the order, considered in rela-
SRS tion to the frequency of UFO
e reports and the unit weight and
nature of Winzen’s products
(one of which is seen here being
launched from Fort Churchill in
Canada with a 292-pound pay-
load for a university physics de-
partment), may make others
smile, too.
Physicists, geophysicists, en-
vironmental scientists — Win-

Range with x-rays

Politics may be too important a subject to be left to politicians,
but radiography, while also of some importance, had better be
left to the radiographers. Except that, busy minding their own
business, they might overlook slipping you an item of tech-
nological news you might find useful: that the new importance
of their craft in reliability control of modern micron-scale
circuitry has led us to make them an x-ray film capable of 35X
useful enlargement.

If you want some, order it from a dealer in x-ray supplies and equip-
ment as KobAK Industrial X-ray Film, Type R (Single-Coated).

Don’t write to ask about the resolving power of this film.
Radiography is three-dimensional and doesn’t lend itself to
clear-cut two-dimensional answers. We’ll hem and haw and
tell you that some electronics people are using this product
routinely to check on the integrity of buried wires only .0005”
thick. We’ll inform you that this is one-third the thickness of a
human hair and conclude by magnanimously brushing aside
whatever shyness you may feel about calling on us if we can be
of any further service. It’s the slowest x-ray film we make and

The hope of doing each other some good prompts these advertisements

ible, scissorable EASTMAN CHROMAGRAM Sheet. What pleases
us is that they don’t say why they chose to do their TLC on our
product. Obviously they did not consider the point pertinent
but only a matter of laboratory efficiency, as compared with
coating one’s own plates uniformly by hand.*

We observe this more and more, as at a mycological meeting
where neither of two independent investigators of fungal pig-
ments saw any point in mentioning until asked that they were
doing their separations on CHROMAGRAM Sheet.

Whether for reaction-following or analytical separations, twenty
8" x 8" sheets of EASTMAN CHROMAGRAM Sheet (silica gel or alumina,
please specify) for $17.60 and the EASTMAN CHROMAGRAM Developing
Apparatus for $35.50 can be ordered (f.0.b. Rochester, N. Y.) from
Distillation Products Industries, Rochester, N. Y. 14603 (Division of
Eastman Kodak Company). Or ask one of the lab supply houses that
stocks EASTMAN Organic Chemicals.

* They do mention both ultraviolet and visible-light photography of their chro-
matograms. This subject draws us many questions, most of which we have
tried to answer in Data Release No. M-23. available free from Eastman Kodak
Company, Special Applications, Rochester, N. Y. 14650.

Prices subject to change without notice.

zen’s customers all —enjoy their objectivity as buyers even
more than do the squeezers of bread offered on food market
shelves in extruded polyolefin also. It is not necessarily the
same formulation, however. Winzen and we have invested
considerable effort together to find a formulation which, when
extruded V5-mil thick by Winzen’s own processes, can with-
stand such solar UV and cracking cold at 148,000 feet as need
never worry bakers. The effort has succeeded.

If a little altitude can gain you desired access to the cheap fluxes of
space, talk to Winzen at 401 West 84th Street, Minneapolis, Minn.
55420. Material bearing their trademark “‘Strato-Film™ bears our
trademark “‘Tenite” before Winzen works it over. If it’s advice you
need on specialized plastic formulations for purposes other than alti-
tude, write Eastman Chemical Products, Inc., Plastics Division,
Kingsport, Tenn. 37662 (Subsidiary of Eastman Kodak Company).

the one to choose for fighting off insomnia from worry about
the dreadful possibility of tiny hidden solder balls.

By omitting the parenthetical ‘‘(Single-Coated)” on the
order, you’ll get twice the film speed at the expense of parallax
that will restrict magnified viewing. From this point up the
scale of speed we go on by factors of roughly two, with con-
sequent trade-off on fineness of grain, continuing to Type M,
Type T, Type AA, and Type F, which for direct Pb-screened
200-kv x-rays is 23 times as fast as Single-Coated Type R.*
Actually Type F is usually amplified in speed by a further
factor of 15 to 30 through use of intensifying screens that
transduce x-rays to visible light. If you can’t accept what this
does to fineness of detail, you might prefer to skip the screens
and use our rather coarse-grained Type KK, which is of the
order of 100 times as fast as the film with which this discus-
sion started. It has fewer fans than any other in our
line.

* Some people stack four or five of these types together in a
single exposure, saving time and money by extending range.
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TIN-NOVATIONS:

Useful examples of the
product-improving abilities of
Straits Tin from Malaysia

Tin-nickel plating gives high-luster, dec-
orative finish for numerous items from
kerosene lamp bodies to ash trays.

Photo courtesy Tin Research Institute

PLATINGS

Tin-nickel has remarkable protec-
tive qualities—shows unusually high
resistance to attack by chemical
reagents. Also tarnish resistant and
non-magnetic; easily buffed to high
luster. Tin-zinc plating is easy to
solder — even after long storage.
Offers good corrosion resistance.
Plates most basis metals. 78% tin,
22% zinc most commonly used.
Tin-copper (bronze) plating re-
sembles 24K gold in color. Has
excellent corrosion resistance; sol-
derability equal to cadmium. Pro-
vides any degree of brightness from
satin to mirror-bright.

MATERIALS

Improved tin-containing materials
now available to upgrade product
performance: stronger tin coated
steels . . . harder and faster-machin-
ing cast irons . . . improved alum-
inum plating (with tin treatment)
... continuous cast tin bronzes with
design versatility . . . a new bearing
alloy . . . tin coatings for longer
wearing metal surfaces.

ANTI-FOULANT

Tin chemicals contribute powerful
biocidal, anti-fouling properties to
paints designed to give boat hulls
a full season of protection against
barnacles and all common organ-
isms that cause fouling. Paints con-
taining these new non-pigmenting
tin chemicals are manufactured in
bright colors. Applied by brush or
roller to steel, aluminum, wood or
fiber glass boat hulls.

THINK STRAITS TIN

A metal as versatile as Straits Tin
from Malaysia may be the answer
to one of your current design prob-
lems. Explore tin’s possibilities. And
remember, Straits Tin from Malay-
sia is the world’s standard for tin
quality . . . minimum 99.8% purity.
“Straits is to Sn as Sterling is to Ag.”
Free Newsletter write today for free

subscription to TIN NEWS — a monthly
bulletinon tin supply, pricesand new uses.

THE MALAYAN
TIN BUREAU

Dept. T-39-L, 2000 K St., N.W.
Washington, D.C. 20006
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No Bias for the Positive?

r I Yhe experiment that offered the

possibility of determining whether

a body anywhere in the universe
is composed of matter or antimatter has
not passed its first test. An international
group of physicists at CERN (the Euro-
pean Organization for Nuclear Re-
search) has repeated the experiment and
has not obtained the same result. The
original experiment, which had ap-
peared to make it possible to define
what physicists know by convention as
a positive charge, had been reported in
June by workers who examined the de-
cay of neutral eta mesons produced
by the 31-billion-electron-volt proton
synchrotron at the Brookhaven National
Laboratory. Their results were taken as
evidence that a basic symmetry of na-
ture—charge-conjugation symmetry—was
violated interactions other than
“weak” ones. (The violation of charge-
conjugation symmetry in weak inter-
actions had been established some 10
years ago.) They found that when the
neutral eta meson decays into three
pions—one positive, one negative and
one neutral—the positive pion emerges
with more energy than its antiparticle
(the negative pion) in 7.2 percent of the
decays. They computed that the odds
were 1,000 to one that this result could
have happened by chance.

It now appears that the Brookhaven
group may have lost what appeared to
be almost a sure bet in its gamble with
nature. The CERN workers, who ana-
lyzed more than seven times as many
eta decays as the Brookhaven workers
(10,665 to 1,440), could find no differ-
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ence in the energy of the positive and
negative pions. There were slight dif-
ferences in the design of the two experi-
ments, but there is no reason to believe
this could account for the difference in
results. The CERN findings were report-
ed in Physics Letters by nine investi-
gators, five from CERN (A. M. Cnops,
G. Finocchiaro, J. C. Lassalle, P. Mitt-
ner and P. Zanella), three from the
Federal Institute of Technology in Zu-
rich (J. P. Dufey, B. Gobbi and M.
Pouchon) and one (A. Muller) from the
Center for Nuclear Studies at Saclay in
France.

Against Chemical Warfare

rl\venty-two American scientists, seven

of them winners of the Nobel prize,
have asked President Johnson that the
armed services stop using chemical
weapons against crops and people in
Vietnam. They have initiated a petition
to the President that cites the dangers of
chemical and biological weapons and
warns that any breach in the restraints
on using them—such as is represented
by the employment of anticrop sprays
and tear gas in Vietnam—encourages the
use of other and more devastating weap-
ons. Their letter is now being circu-
lated to members of the Federation of
American Scientists for their signature.

The initial signers issued a state-
ment pointing out that “chemical and
biological weapons could be far more
dangerous as instruments of mass ex-
termination than anything except nu-
clear weapons.” They suggest that this
country already recognizes that the ex-
plosion of even a nuclear artillery shell
could lead to a nuclear war, and that the
use of even a mild chemical or biological
weapon involves a similar danger. The
letter observes that in World War II
the nation held to a policy of never initi-
ating chemical or biological warfare,
that this position has not been reiterated
lately, and that now “the large-scale use
of anticrop and ‘nonlethal’” antiperson-
nel chemical weapons in Vietnam ... sets
a dangerous precedent.” The petition
asks for a White House study of national
policy on chemical and biological weap-
ons and their control, an end to their
use in Vietnam and a statement that this
country will not be the first to use them.

The 22 scientists are Felix Bloch of
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Stanford University, Konrad E. Bloch
of Harvard University, James F. Crow
of the University of Wisconsin, William
V. E. Doering of Yale University, Paul
Doty of Harvard, Freeman J. Dyson of
the Institute for Advanced Study, John
T. Edsall of Harvard, Bernard T. Feld
of the Massachusetts Institute of Tech-
nology, Irwin C. Gunsalus of the Uni-
versity of Illinois, Robert Hofstadter of
Stanford, Arthur Kornberg of the Stan-
ford University School of Medicine,
Fritz Lipmann of Rockefeller Univer-
sity, Robert B. Livingston of the School
of Medicine of the University of Cali-
fornia at San Diego, Matthew Meselson
of Harvard, Severo Ochoa of the New
York University School of Medicine,
Ray D. Owen of the California Institute
of Technology, Keith R. Porter of Har-
vard, Charles C. Price of the University
of Pennsylvania, Eugene Rabinowitch
of Illinois, E. L. Tatum of Rockefeller
University, George Wald of Harvard
and Paul Dudley White, Boston cardi-
ologist.

Laboratory Animal Law

Congress has passed and the President

has signed a law regulating the pro-
curement and handling of laboratory
animals. A number of bills designed to |
limit and control animal experimenta-
tion had been before Congress, where
they were vigorously opposed by the |
National Society for Medical Research. ‘
The society was also concerned about
other bills, intended to make “pet-
stealing” a Federal offense, that might
have interfered with legal arrangements
under which animals in public pounds
can be released to research institutions
instead of being put to death.

The bill finally enacted into law as the
result of a series of House-Senate con-
ferences seeks to control pet-stealing
without affecting public pounds and
sets standards for the care of laboratory
animals except during the course of an
experiment. Private dealers in dogs and
cats must be licensed by the Depart-
ment of Agriculture, may not sell a dog
or cat until five days after it has been
acquired and must permit inspection by
law-enforcement agencies searching for
lost animals. Institutions that use dogs
or cats in research must register with
the Department of Agriculture. (This

Series 901 Bud Imlok

Standard Bud Imlok

BUD IMLOK

EXTRUSIONS AND CONNECTORS —-

For truly creative packaging for electronic and electrical sys-
tems and devices, Bud Imlok permits you to develop enclosures
whose shape and size are guided only by your requirements.
The interlocking aluminum alloy components are quickly and
easily combined by the use of simple hand tools to form hous-
ings of your design.

The use of the Bud Imlok system is recommended particularly
for prototype, short run and research applications. Its versatility
and economy for these uses is well known in many industries.
Whether you require a really attractive small rectangular case,
a large elegant control console or a multiangular structure they
can all be made with Bud Imlok. Elimination of tooling for
special housings in single or small quantities brings both time
saving and money saving to you.

Bud Imlok material is furnished in a number of ways . . . you

select the best way for your fabrication plans. Bud offers a
service where special housings can be fabricated completely
from your blue prints or ours. Ask your local authorized Bud
distributor to explain all the advantages of Imlok or write us
for illustrated booklets.

Display stand
fabricated from
Series 901 Imlok

Console fabricated
from Standard Imlok

BUD RADIO, INC.
Willoughby, Ohio
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SCIENTIFIC AMERICA is a fearless
breed when it comes to thinking up
new requirements for stainless steel
and alloy tubing. At every spot on
the metalworking horizon from sim-
ple industrial applications to in-
volved space and nuclear energy
pioneering, quality standards (even
as high as ours) must be revised up,
up, up. Performance goals are out-
stripping yesterday’s abilities on the
cold-drawing production line of
most of America’s tubing sources.
That's the big reason we put so
much emphasis on research and
pioneering at Tube Methods.

SCIENT]IFIC
AMERIcx

IS x pEARLESS
BREED

If you are a leader with a
tubing problem, introduce it to
TMI e if leadership ability in
our specialized field is
required, you've come to the
right door . .. and the right
team of dedicated people o
We're always examining
difficulties and devising
successes in cold-drawing
seamless and welded stainless
and special alloy tubing for
Scientific America.

WE ARE FEARLESS, T00!
TUBE METHODS INC.

o>

Small diameter stainless steel and special alloy,
.050" to 1.250" O. D. with tolerances as close
as .0005" when applications require the ultimate
in accuracy. TUBE METHODS INC., Metal-
lurgistse Engineerse Manufacturers, Bridgeport,
Montgomery County, Pennsylvania 19405
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language limits the law’s coverage to
major research facilities.) The Secretary
of Agriculture is to set standards for the
“humane handling, care, treatment and
transportation” of laboratory animals
(including monkeys, guinea pigs, ham-
sters and rabbits as well as dogs and
cats) that must be followed by all deal-
ers and research facilities covered. Per-
haps the most important provision of
the law is one that specifically exempts
from these standards the handling of
animals “during actual research or ex-
perimentation by a research facility as
determined by such research facility.”

Exploration by Satellite

Project Eros, a plan to use satellites

to gather a wide variety of data
about the earth’s natural resources,
has been announced by the Department
of the Interior. The name is an acronym
for Earth Resources Observation Satel-
lites and has no connection with the
Greek god of procreation, although a
somewhat remote analogy could be
drawn from a statement of the project’s
purpose by William T. Pecora, director
of the U.S. Geological Survey. He said
the purpose is to ensure an abundant
supply of the resources needed to sup-
port an industrialized society. “There is
good reason to believe,” Pecora said,
“that the world’s undeveloped resources
are large enough to support a growing
demand far into the future—provided,
however, we aggressively and imagina-
tively press the search for knowledge of
our resources.”

The satellites, traveling in polar or-
bit, will carry cameras and various
sensing instruments such as infrared
and ultraviolet scanners, magnetometers
and gravity-gradient devices. In addi-
tion to helping to locate resources, the
satellites might assist mapmaking, keep
track of water resources, predict volcan-
ic eruptions (by “taking the volcano’s
temperature to see if it is running a
fever”), detect tremors that could lead to
earthquakes and check on the spread of
disease in forests and crops. Pecora out-
lined some other work the satellites
might do: “It may be entirely possible,
for example, to determine rates of res-
ervoir sedimentation, measure the move-
ment of glaciers, measure the effluents
of major rivers, monitor the levels of
lakes and reservoirs and the growth of
deltas and assess both air and water
pollution. Photographic techniques al-
ready available should make it possible
to construct maps showing land use
and vegetation. Use of other remote

| sensors should yield measurements of
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ground-surface temperature and ground-
moisture content useful in a variety of
engineering and agricultural problems.
Even population counts and measure-
ments of daily fluctuations in the traffic
flow of both people and vehicles seem
to be within the capability of remote-
sensing techniques.”

The Electric Automobile (Cont.)

Two recent developments indicate a

quickening of the technology that
could lead to a modern electric auto-
mobile (see “The Electric Automobile,”
by George A. Hoffman; SciENxTIFIC
AmEericaN, October). The Ford Motor
Company announced a sodium-sulfur
battery that it described as “an entirely
new concept in electric-battery develop-
ment.” The General Atomic Division of
the General Dynamics Corporation an-
nounced that 14 electric-utility com-
panies have joined it and the Edison
Electric Institute in developing a zinc-
air battery. Both batteries would have a
considerably higher performance than
the lead-acid batteries now used to
provide auxiliary power.

Ford’s battery was described by Mi-
chael Ference, Jr., the company’s vice-
president for scientific research. He said
the key to the battery is “a crystalline
ceramic composed largely of aluminum
oxide” that “selectively passes sodium
ions while containing all other liquids.”
In the battery sodium atoms give up
electrons to an external circuit, traverse
the ceramic as ions and combine with
sulfur. The system would be recharge-
able. Ference said the battery is still
in an early stage of development. At
present the temperature required for
its operation is between 250 and 300
degrees centigrade (about 480 to 570
degrees Fahrenheit). He also disclosed
that Ford is working on motors and
controls for electric cars and plans to
test next year a prototype model of a
“subcompact, limited-performance ‘City-
Car’” using conventional batteries.

General Atomic has been working on
a zinc-air battery since 1960. The com-
pany said two experimental prototypes
have recently been operated success-
fully in its laboratories. The battery
produces electricity by oxidizing zinc
to zinc oxide.

Rising Illiteracy

he continuing rise in world popu-
lation has caused an alarming re-
versal of past trends favoring increased
world literacy. Analyzing recent United
Nations statistics that show a growth
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Movies in flight: No fighter pilot should be without them.

Now a fighter pilot can see the whole
picture—know exactly where he is and
where he’s headed, no matter how fast
he goes or how he twists and turns,
even at tree-top level.

How? Because of ITT’s amazing new
Airborne Map Display. It gives the pilot

a full-color, on-screen map which
moves in coordination withhismaneu-

vers. At any time he can pinpoint his
location at a glance.

But that’s not all. The pilot pushes a
button and vital mission objectives and
other printed instructions flash onto
the screen. Another touch adds com-
puter process data from radar, infra-
red and other sensor systems.

Range is no problem: 1/16 of the

© 1966 SCIENTIFIC AMERICAN, INC

earth’s surface, in detail, may be stored
inside.

The Airborne Map Display, use of
which is forecast for commercial jets,
is yet another example of how an ITT
company, ITT Gilfillan Inc., saw a need
and filled it.

International Telephone and Tele-
graph Corporation, New York, N.Y.
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Oneof
these LMs will
hlast off

Our scientists and engineers are
swarming all over these LMs. One is
a flight vehicle.

You're looking at the 120,000 square
feet Grumman devotes to LM assem-
bly. We also have propulsion test
facilities at White Sands and a new
installation at NASA-MSC headquar-
ters in Houston. Our people are even
now doing initial work on the launch
site at Cape Kennedy.

So you see, Grumman holds the
aces needed for Post-Apollo pro-
grams: production and test facilities,
personnel, management and ground-
floor know-how. We've completed all
physical systems trade-off activity.

Yes, Grumman’s been through it
all. Our proof is in the hardware.

GRUMMAN

AIRCRAFT ENGINEERING CORPORATION 4

Bethpage, Long Island, N. Y.
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LASL Photograph by William H. Regan

A VieW On their frequent walks to work,
Lenore and Bob Leachman pass through
of The Woods these woods — less than a block from the

Administration Building where Lenore serves
as a secretary. Dr. Leachman, an experimental
physicist, walks on to the nearby Physics

1 building where he is studying interference

|] effects in nuclear reactions. A variety of

f particle accelerators are but part of the
advanced equipment in use at Los Alamos,
one of the great laboratories of the world.

( If you are a scientist or engineer interested in
joining the staff at LASL, send your resume to:

Director of Personnel
[ Division 66-110

los/: ‘alamos
. ',."' SCIENTIFIC LABORATORY

OF THE UNIVERSITY OF CALIFORNIA
:I. LOS ALAMOS, NEW MEXICO
\

-

An Equal Opportunity Employer. U.S. Citizenship Required.
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of 200 million in the world’s popula- |
tion of illiterates during the past six
years, the Population Reference Bureau
points out that the six-year total is prob-
ably an optimistic underestimate. Half
of the adult population of Africa, Latin
America and non-Communist Asia, a
total of almost 750 million, have re-

ceived no schooling at all, and only 30 FOR

percent of these nations’ 373 million

(S)Cf};(zi);—iigfd'children are now in schools CH R I STM A S
privately apported organisation o AND ALL

cerned with demographic forecasting,

characterizes the developing countries’ OF
low per capita income, malnutrition and

illiteracy as a “three-way feedback” 1967
problem. The single nation with the
largest problem is India, where only
55 million out of 187 million school-age

children, or less than 30 percent, go to For Christmas and all of 1967, you couldn’t choose

school, and the government’s expendi- a more perfect gift for your friends and associates than a subscrip-
ture per pupil per year is no more than tion to SCIENTIFIC AMERICAN. Whether they are technical executives
32 cents. In contrast, Federal, state and in industry, engineers, scientists, students or interested laymen,

local government support of education they will be enjoying their issues and thanking you for them long
in the U.S. totals some $600 per pupil after most people have forgotten other gifts.

per year, a figure that does not include

the $11.5 billion spent by private Take advantage of the low gift rates by sending your gift list today.

schools and colleges. If you indicate, each of your friends will receive an attractive
In Latin America, although the school Christmas card to inform him of your thoughtful gift.

situation is more favorable than in Asia

or Africa, dropouts increase with each P.S. If you are not now a subscriber, this is a timely opportunity

grade. Among those who go to school | for you to take advantage of this Christmas subscription offer.
in Brazil, for example, the average num-
ber of school years completed is 2.6,

and only 10 percent of all pupils reach Special Christmas Gift Rates:
eighth grade. Considering the likelihood Your own subscription or first gift $7.00
that at least a minimum of education is Each additional subscription $6.00

a prerequisite for population control, the
bureau finds it significant that nearly
85 percent of the births today occur in

the nations in which 70 percent of the - s I SCIENTIFIC
Please | ENTER | the following Gift Subscriptions to
school-age children have no schools to - v AMERICAN

attend. | To [J Also enter or extend
| T my own subscription
. for a year as part of
Direct-Current Transformer ‘ TTREET FoRERS, oTTY, STATE, T Go0E this order.
device that operates as a trans- TITLE, BUSINESS CONNEGTION O onnrcIosed is$
1& former of direct current has been D Send card subscriptions.
constructed \’&flth .thm films of. super- O Bill me later.
conductors. Historically alternating cur- | =—=————=——————————=————— ; e ori
. N T Multiple gift prices ap-
rent won out over direct current in the 10 ply only when all your
early days of electric-power distribu- WA gifts are ordered at the
) i same time.
tion because alternating current could STREET ADDRESS, GV, STATE, Z1F CO0E

The above rates apply
throughout the world.
U.K.subscribers may re-
mit in shillings. See
page 9.

readily be raised and lowered in voltage
by means of transformers, whereas di-
rect current could not. The new device, D Send card
invented by Ivar Giaever of the General
R NAME

Electric Research Laboratory and de- YOUR N
scribed by him in the journal Spectrum, | YOUR ADDRESS
operates in the range of milliamperes STREET ADORESS, iTy, STATE, 7 c00¢ e
and millivolts and therefore does not
promise to revolutionize electric-power | 415 MADISON AVENUE NEW YORK, N.Y. 10017
distribution. |

The d.c. transformer is made by de- |

TITLE, BUSINESS CONNECTION
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In more and more schools...

PARTNERS IN THE CLASSROOM

s T s

M T T e e i

A GOOD TEXTBOOK AND

SAENTIFIC | OFFPRINTS

In more and more classrooms scientiFic american Off-
prints are being adopted side by side with the textbook.
(Presently in use in more than 900 college and university
courses — 80% increase over the number at this time
last year!)

The textbook supplies the foundation of the course. The
Offprints provide the latest bulletins from the frontiers of
research, complementing and reinforcing the basic ma-
terial contained in the textbook.

Teachers who have used them find that their students
respond with a better grasp of the whole subject and
with more enthusiasm for the assigned readings.

The more than 500 articles that are presently available
cover a broad spectrum of current thought and research
in the life sciences, the physical sciences, and the social
sciences. Each Offprint, still only 20c.

Send for a free descriptive brochure to:

W. H. Freeman and Company
660 Market Street, San Francisco 4, California

Warner House, 48, Upper Thames Street, London, E.C.4
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positing a thin layer of tin a few thou-
sand angstrom units thick on a glass
slide. This serves as the primary “coil”
of the transformer. A layer of tin ox-
ide only 100 to 200 angstroms thick
is deposited over the primary to insulate
it. On top of this layer another tin
layer slightly narrower than the first
and much thinner—500 to 1,000 ang-
stroms thick—is deposited to act as a
secondary. When the device is cooled to
within about 3.6 degrees centigrade of
absolute zero, so that both metal films
are superconducting, a current passed

| through the primary layer gives rise to

a voltage in the secondary layer. If two
secondary layers are connected in series,
in imitation of a conventional trans-
former, the d.c. voltage is transformed.
Giaever foresees that the device may
find its way into electronic devices
where liquid-helium temperatures are
already needed for other purposes.

Scientists as Astronauts

he National Aeronautics and Space

Administration is looking for sci-
entists who want to be astronauts. In
behalf of NASA the National Academy
of Sciences has issued a call for ex-
perienced investigators of exceptional
ability “to conduct scientific experi-
ments in manned orbiting satellites and
to observe and investigate the lunar
surface and circumterrestrial space.” Ap-
plicants must be U.S. citizens born after
August 1, 1930, must be no taller than
six feet and must have a doctorate in a
natural science, medicine or engineer-
ing. Applications must be submitted to
the National Academy by January 8,
1967. An academy panel will pass on
the scientific qualifications of applicants
who meet preliminary requirements, and
NASA will then make the final selection
on the basis of physical examinations
and ability to function under simulated
space conditions. In 1965 the academy
helped to select the first group of five
scientist-astronauts: three physicists, a
geologist and a physician.

The Kindly Killer Whale

rI‘he killer whale (Orcinus orca), a

species held almost in awe because
of the ferocity with which it preys on
whales many times its size, has recently
surprised investigators by its docile be-
havior in captivity. Until 1964 the ani-
mal had never been observed under
these circumstances. Since then three
killer whales have been kept captive on
the U.S. and Canadian West Coast for
periods ranging from three months to



What is the cost of sound?

Until recently, anyone with an ac-
tive interest in music and sound usu-
ally had to pay more for good stereo
equipment than his interest really
justified. Popular-priced equipment
seldom produced anything beyond
popular-priced sound. And high-
priced equipment almost always de-
manded paying a premium either for
features that were unnecessary or for
expensive engineering solutions to
basically straightforward problems.

At KLH, we concentrate on two
ways of curbing the cost of good
sound.

Our first approach is simpler than
the second, but more important. It is
our decision not to make the usual
“line” of products. We see our prod-
uctsindividually. Each must be differ-
ent from another in some significant
aspect of performance or utility. None
is simply a marketing phenomenon
intended to fit a particular price cate-
gory and supply features that people
will probably be willing to pay for.

Since we don't pay—in produc-
tion costs, advertising expenses, and
wasted motion—to maintain a line
with artificial or simply cosmetic dif-
ferences between products, neither
do our customers. Our money goes
into the basic product. This idea con-
flicts with some modern marketing
theories, but it has worked best for
us and our customers.

Our second approach is applied to
the final design of our products. It is

to consider inflated costs as a faulty
engineering solution—as poor a solu-
tion as corner-cutting or sloppy cir-
cuit design. Whenever possible, we
try tofind new ways of cutting through
accepted manufacturing practices to
reach a design objective. Instead of
relying on the imagination of sup-
pliers, as do most manufacturers of
home-entertainment products, we de-
sign and make many of our own
critical parts and sub-assemblies—
looking both for the right solution to
a specific problem and for basic pro-
duction methods that will assure uni-
formity and consequent reduction of
waste. We don't ignore outside sup-
pliers with new parts and methods to
offer, but we measure what they offer
against what we think we can do
ourselves.

One early result of our experience

The new Model Twenty-Four. Suggested Price $300.

I

*A trademark of KLH Research and Development Corp,
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in designing and making our own
loudspeakers was a remarkable min-
iaturized speaker capable of repro-
ducing most of the audible frequency
range with accuracy and low distor-
tion. This speaker helped make pos-
sible products like our Model Eight
FM Receiving System, Model Eleven
Portable Stereo Phonograph, and new
Model Twenty-One FM Radio. It also
gave us a reputation for producing a
maximum of sound from a minimum
of apparatus. A reputation in which
we still take great pleasure.

In its relation of cost to quality,
every KLH product stands for our
concept of high performance. In our
own view, the best definition of that
concept is the three-piece music
system, such as our Model Twenty or
our new Model Twenty-Four. The
three-piece music system brings into
a living room—gracefully, unobtru-
sively, and inexpensively—all of the
sound that most people will ever
want. It has no excessive gadgetry
and a minimum of space-consuming
and non-performing cabinetry. It is
our best way of scaling sound to cost
for most serious listeners, offering
more performance for a given cost
than any other form of sound
equipment.

If you would like more information
on the shape, size, and cost of KLH
sound, please write to KLH, 30
Cross Street, Cambridge, Massachu-
setts 02139.
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Hunger
is one meal
a day

CHUNG JIN SOOK, KOREAN,
AGE7. One of five children. Father
dead. Typhus. Mother does odd
jobs. Earns about $5 per month.
Must resort to begging food for
children. One meal a day. Boiled
barley or noodles. Children always
hungry. Home is a hut. Roof oiled
paper. Walls straw bags and paper
boxes. Winter’s bitter. Rain and
snow leak through roof. Family
destitute. Mother desperate for
children she cannot feed, clothe
and shelter adequately. Help to
Jin Sook means help to entire
family.

Thousands of children as needy as Jin Sook
anxiously await “‘adoption” by you or your
group. You can choose a boy or girl from any
of the countries where Foster Parents’ Plan
has offices—Greece, South Korea, Viet Nam,
Hong Kong, the Philippines, Colombia, Ecuador
or Peru. Your child receives $8 a month of your money in cash as well as blankets, household
Oqﬁispment, clothing, medical care—and education. EVyERY PLAN CHILD OF SCHOOL AGE
MUST ATTEND SCHOOL. Through your help the child will become a productive citizen of
his country, a loyal friend of ours. You receive a case history and photograph. Every month
you write and receive a letter (original and translation). PLAN’s local social workers and our
resident American Directors are always on-the-spot, ready to provide medical aid, counselling
and guidance to your child and his family. Soon, through the regular letters and progress
reports, you and your child develop a warm, lovingrelationship. ‘““‘Adopt’” a child the respon-
sible way—through Foster Parents’ Plan.

CHECK YOUR CHARITY! PLAN never employs professional fund-raisers. 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. \}FAOIQ with the Advisory Committee
on Voluntary Foreign Aid of the Agency for International Development and filed with the
National Information Bureau and the National Better Business Bureau in New York City.

© Foster Parents’ Plan, Inc. 1966
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Foster Pacents’ Plan., tn.

352 PARK AVENUE SOUTH, NEW YORK, N. Y. 10010 - Founded 1937

PARTIAL LIST OF SA-11-66

SPONSORS AND
FOSTER PARENTS

Steve Allen A.
Sen. Paul H. Douglas
Helen Hayes
Conrad N. Hilton
Sen. Jacob K. Javits
Sen. Robert F. Kennedy
Art Linkletter
Amb. & Mrs. B.
Henry Cabot Lodge
Garry Moore S
Sen. William Proxmire

FOSTER PARENTS' PLAN, INC.
352 PARK AVENUE SOUTH, NEW YORK, N.Y. 10010
In Canada: P. O. Box 65, Sta. B, Montreal, Que.

| wish to become a Foster Parent of a needy child for one year or more.
If possible, sex.......... ,ag€. i, ,nationality.....ooovun
| 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

RSN EENNS RS REEE AR

Dr. Howard A. Rusk NOME. ¢ v veeeretosssroesrsesssssoossssoosssvossvscssscsvossnne
Mr. & Mrs, H
Robert W. Sarnoff AdAress. o v ittt i i i i i i it i i i E
Gov. & Mrs. CitY e eeeeeneennnanenns State.everinerineennnns AT T H
William W. Scranton - . . E
Sen. John G. Tower Date. . viviiiiinin i, Contributions are income tax deductible E
g

~
~
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| more than a year. The captive most
intensively studied was a young male
killer whale harpooned off British
Columbia in July, 1964, by collectors
for the Vancouver Public Aquarium.
The animal was moved to a pen in
Vancouver harbor, where it lived for 86
days.

Murray A. Newman of the aquarium
and Patrick L. McGeer of the Univer-
sity of British Columbia report in Zoo-
logica that the 15-foot, one-ton whale
swam Continuously in circles in its pen
during its first eight weeks of captivity
and refused to eat any of its captors’
offerings of whale meat, fish, seals (live
and dead), octopus, horse hearts and
poultry. During the last four weeks the
whale began to eat, consuming from
100 to 200 pounds of fish a day; it soon
took most of its food from the hand of
an attendant, who could summon the
animal by slapping the surface of the
water with a fish. The whale accepted
its food slowly and deliberately; it used
its formidable teeth for grasping fish
but swallowed them whole rather than
chewing them.

William E. Schevill and William A.
Watkins of the Woods Hole Oceano-
graphic Institution went to Vancouver
and recorded the sounds made by the
animal. They have now compared them
with the sounds of free killer whales
and of free and captive porpoises. They
find that the two sounds characteristic
of the porpoise—a broad-band, high-fre-
quency click and a whistle-like squeal—
are matched in the killer whale by
a narrow-band, low-frequency click,
which the whale often repeats at an in-
creasing rate until it becomes a strident
underwater scream that can be heard
plainly by an observer on land. The kill-
er whale used the click as “sonar” to
range on obstacles when visibility was
poor. The scream, however, appears to
have been an attempt to communicate;
it was usually stimulated by some dis-
turbance outside the pen, such as the
sound of a passing boat.

In October, 1964, after taking three
fish from its attendant, the Vancouver
captive exhaled while partly submerged,
sank out of sight and drowned. Another
male killer whale, captured in Canadian
waters in June, 1965, survived on ex-
hibit in Seattle until July of this year,
when it too drowned. During its cap-
tivity the Seattle specimen showed no
hostility toward swimmers who entered
its tank. The third killer whale, a small
female captured in Puget Sound in No-
vember, 1965, is still alive and giving
piggyback rides to its keepers in San
Diego.



The Rover 2000 TC’s
first purpose

1S to be safe?

For the same reason
that a light switch,

first of all,
shouldn’t electrocute you.

OT to be too stuffy about it, the Rover

2000 TC Sports Sedan is generally
acknowledged to be among that elite of the
world’s best performing cars. It is also quite
likely the safest.

The two go hand-in-hand, apparently: surely
safety is part of performance. What good is
a car that goes the limit if it can’t stop within
it? And if everything else goes wrong—
including driver errors*—isn’t it still the
car’s job to protect you? We do think so.

To this end the Rover 2000 TC has two
sorts of safety.

1) So nothing will happen. For example:
the 2000 TC has disc brakes all around so
it can stop as fast as it goes; radial ply tires
to hold the road and a revolutionary suspen-
sion and control system to give it immediacy.

2) So if something does happen it won’t
happen to you. To begin with, the 2000 TC
has two separate bodies. The outer you see
below. The inner is of steel-cage construc-

tion to protect you even should the car roll.
(Please fasten your safety harness, though.)

It follows that the 2000 TC already has most
of the sweeping safety features that the U.S.
Government demands by 1968. One notable
exception: a “standard bumper height.” One
can’t very well be standard all alone. We will
be happy to cooperate on this or any other
industry effort. The safer other cars are the
safer ours will be.

Now you know about safety. Buy a Rover
2000 TC and stop worrying about it.

*In the recent furore over safety standards some spokesmen
have pointed out that most accidents are caused by driver
error. So? Is that an offense punishable by hurt or worse?
And what of the innocents who aren’t driving?

The Rover Motor Co. of N. America Ltd.: Chrysler Bldg., New York, N. Y. 10017; 231 Johnson Ave., Newark, N.J.07108; 1040 Bayview Drive, Ft. Lauderdale, Fla. 33304;
373 Shaw Rd., South San Francisco, Calif.94080; 10889 Wilshire Blvd., Los Angeles, Calif. 90024; Mobile Drive, Toronto 16, Ont.; 156 W. Second Ave., Vancouver 10,B. C.
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The nimble Pershing:
we don’tleave
well enough alone.
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The first Pershing tactical missile sys-
tem was delivered to the Army in
1962. Since then, our Martin division
has manufactured and delivered
scores of them. The highly mobile
Pershing has performed so success-
fully on duty with the Army that a
major improvement effort is now un-
der way to increase its rate of fire and
reliability.

The Pershing tactical missile sys-
tem is perhaps the most remarkable
big weapon the Army has. It consists
of a 34-foot missile with an atomic
warhead and a completely mobile
transport and launching system.

Four tracked vehicles, which can
travel as fast as 40 mph, carry the mis-
sile, its portable launching pad and
fire control center, a communications
center and a power station. The spe-
cially trained Pershing crews can thus
range far and wide over extremely
rugged terrain, keeping always in
communication with their headquar-
ters, yet avoiding enemy surveillance.
_ Once deployed and set up, the two-
stage, inertially-guided missile can be
fired in minutes over ranges of up to
400 miles. It gives the Army a fast,
mobile nuclear capability to support
battlefield operations. Pershing is now
on duty in Europe.

Martin and the Army Missile Com-
mand led the Army-industry team
which designed and built the Per-
shing. It chalked up the best tactical
missile development record ever seen
at Cape Kennedy. At the same time,
military and industry managers
worked hard to produce an effective
missile system at the lowest possible
cost, while adhering to rigid quality
and reliability standards. Since pro-
duction began in 1960, for example,
Martin has reduced its share of the
missile’s cost 54 per cent.

Now, with Pershing successfully
deployed in the field, the Army has
assigned Martin to make major im-
provements in the missile system. A
program is under way to increase rate
of fire and reliability. It centers on a
new mobile fire-control center and a
new erector-launcher. In a parallel
program, improved components are
being developed for the missile itself.

The improvements now planned
will permit Pershing to assume an
even greater role in support of the
Army’s mission.

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

MARTIN MARIETTA
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The Three-dimensional Structure
of an Enzyme Molecule

The arrangement of atoms in an enzyme molecule has been worked out

for the first time. The enzyme is lysozyme, which breaks open cells

of bacteria. The study has also shown how lysozyme performs its task

ne day in 1922 Alexander Flem-
ing was suffering from a cold.

This is not unusual in London,
but Fleming was a most unusual man
and he took advantage of the cold in a
characteristic way. He allowed a few
drops of his nasal mucus to fall on a
culture of bacteria he was working with
and then put the plate to one side to
see what would happen. Imagine his
excitement when he discovered some
time later that the bacteria near the
mucus had dissolved away. For a while
he thought his ambition of finding a
universal antibiotic had been realized.
In a burst of activity he quickly estab-
lished that the antibacterial action of
the mucus was due to the presence in
it of an enzyme; he called this substance
lysozyme because of its capacity to lyse,
or dissolve, the bacterial cells. Lyso-
zyme was soon discovered in many tis-
sues and secretions of the human body,
in plants and most plentifully of all in
the white of egg. Unfortunately Flem-
ing found that it is not eftective against
the most harmful bacteria. He had to
wait seven years before a strangely
similar experiment revealed the exis-
tence of a genuinely effective antibi-
otic: penicillin.

Nevertheless, Fleming’s lysozyme has
proved a more valuable discovery than
he can have expected when its prop-
erties were first established. With it,
for example, bacterial anatomists have
been able to study many details of bac-
terial structure [see “Fleming’s Lyso-
zyme,” by Robert F. Acker and S. E.
Hartsell; SciENTIFIC AMERICAN, June,
1960]. It has now turned out that
lysozyme is the first enzyme whose
three-dimensional structure has been
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by David C. Phillips

determined and whose properties are
understood in atomic detail. Among
these properties is the way in which the
enzyme combines with the substance on
which it acts—a complex sugar in the
wall of the bacterial cell.

Like all enzymes, lysozyme is a pro-
tein. Its chemical makeup has been
established by Pierre Jollés and his
colleagues at the University of Paris
and by Robert E. Canfield of the Co-
lumbia University College of Physicians
and Surgeons. They have found that
each molecule of lysozyme obtained
from egg white consists of a single
polypeptide chain of 129 amino acid
subunits of 20 different kinds. A pep-
tide bond is formed when two amino
acids are joined following the removal of
a molecule of water. It is customary to
call the portion of the amino acid in-

corporated into a polypeptide chain a
residue, and each residue has its own
characteristic side chain. The 129-resi-
due lysozyme molecule is cross-linked
in four places by disulfide bridges
formed by the combination of sulfur-
containing side chains in different parts
of the molecule [see illustration on op-
posite page].

The properties of the molecule cannot
be understood from its chemical con-
stitution alone; they depend most criti-
cally on what parts of the molecule are
brought close together in the folded
three-dimensional structure. Some form
of microscope is needed to examine the
structure of the molecule. Fortunate-
ly one is effectively provided by the
techniques of X-ray crystal-structure
analysis pioneered by Sir Lawrence
Bragg and his father Sir William Bragg.

ALA ALANINE GLY GLYCINE PRO PROLINE
ARG ARGININE HIS HISTIDINE SER SERINE

ASN ASPARAGINE ILEU ISOLEUCINE THR THREONINE
ASP ASPARTIC ACID LEU LEUCINE TRY TRYPTOPHAN
CYS CYSTEINE LYS LYSINE TYR TYROSINE
GLU GLUTAMIC ACID MET METHIONINE VAL VALINE

GLN GLUTAMINE PHE PHENYLALANINE

TWO-DIMENSIONAL MODEL of the lysozyme molecule is shown on the opposite page.
Lysozyme is a protein containing 129 amino acid subunits, commonly called residues (see
key to abbreviations above). These residues form a polypeptide chain that is cross-linked at
four places by disulfide (-S-S-) bonds. The amino acid sequence of lysozyme was deter-
mined independently by Pierre Jolleés and his co-workers at the University of Paris and by
Robert E. Canfield of the Columbia University College of Physicians and Surgeons. The
three-dimensional structure of the lysozyme molecule has now been established with the
help of X.ray crystallography by the author and his colleagues at the Royal Institution in
London. A painting of the molecule’s three-dimensional structure appears on pages 80 and
81. The function of lysozyme is to split a particular long-chain molecule, a complex sugar,
found in the outer membrane of many living cells. Molecules that are acted on by enzymes
are known as substrates. The substrate of lysozyme fits into a cleft, or pocket, formed by the
three-dimensional structure of the lysozyme molecule. In the two-dimensional model on
the opposite page the amino acid residues that line the pocket are shown in dark green.
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MAIN CHAIN * NITROGEN
CARBON
@ OxYGEN
& suLrur
SIDE CHAIN
CARBON
My HYDROGEN
BOND

THREE-DIMENSIONAL MODEL of the ly-
sozyme molecule, painted by Irving Geis, is
ba-ed on an actual model assembled at the
Royal Tnstitution by the author and his col-
leagues. The painting enables one to trace
and distinguish between the chemical bonds
that hold together the main polypeptide
chain and the bonds in the 129 side chains,
one for each amino acid residue. The mole-
cule isfolded =0 as to form a cleft that holds
the -ubstrate molecule while it is being
broken in two. The painting on the next
page shows how the substrate fits into the
cleft. The red balls represent oxygen atoms
that are important in splitting the substrate.
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The difficulties of examining mole-
cules in atomic detail arise, of course,
from the fact that molecules are very
small. Within a molecule each atom
is usually separated from its neighbor
by about 1.5 angstrom units (1.5 X 10-8
centimeter). The lysozyme molecule,
which contains some 1,950 atoms, is
about 40 angstroms in its largest di-
mension. The first problem is to find a
microscope in which the atoms can be
resolved from one another, or seen sep-
arately.

The resolving power of a microscope
depends fundamentally on the wave-
length of the radiation it employs. In
general no two objects can be seen sep-
arately if they are closer together than
about half this wavelength. The short-
est wavelength transmitted by optical
microscopes (those working in the ul-
traviolet end of the spectrum) is about
2,000 times longer than the distance
between atoms. In order to “see” atoms
one must use radiation with a much
shorter wavelength: X rays, which have
a wavelength closely comparable to
interatomic distances. The employment
of X rays, however, creates other dif-
ficulties: no satisfactory way has yet
been found to make lenses or mirrors
that will focus them into an image. The
problem, then, is the apparently im-
possible one of designing an X-ray
microscope without lenses or mirrors.

Consideration of the diffraction the-
ory of microscope optics, as developed
by Ernst Abbe in the latter part of the
19th century, shows that the problem
can be solved. Abbe taught us that the
formation of an image in the micro-
scope can be regarded as a two-stage
process. First, the object under exami-
nation scatters the light or other radia-
tion falling on it in all directions, form-
ing a diffraction pattern. This pattern
arises because the light waves scattered
from different parts of the object com-
bine so as to produce a wave of large
or small amplitude in any direction

according to whether the waves are in
or out of phase—in or out of step—
with one another. (This effect is seen
most easily in light waves scattered
by a regularly repeating structure, such
as a diffraction grating made of lines
scribed at regular intervals on a glass
plate.) In the second stage of image
formation, according to Abbe, the ob-
jective lens of the microscope collects
the diffracted waves and recombines
them to form an image of the object.
Most important, the nature of the im-
age depends critically on how much of
the diffraction pattern is used in its
formation.

X-Ray Structure Analysis

In essence X-ray structure analysis
makes use of a microscope in which
the two stages of image formation have
been separated. Since the X rays can-
not be focused to form an image di-
rectly, the diffraction pattern is re-
corded and the image is obtained from
it by calculation. Historically the meth-
od was not developed on the basis of
this reasoning, but this way of regard-
ing it (which was first suggested by
Lawrence Bragg) brings out its essen-
tial features and also introduces the
main difficulty of applying it. In re-
cording the intensities of the diffracted
waves, instead of focusing them to form
an image, some crucial information is
lost, namely the phase relations among
the various diffracted waves. Without
this information the image cannot be
formed, and some means of recovering
it has to be found. This is the well-
known phase problem of X-ray crys-
tallography. It is on the solution of the
problem that the utility of the method
depends.

The term “X-ray crystallography” re-
minds us that in practice the method
was developed (and is still applied) in
the study of single crystals. Crystals
suitable for study may contain some

MODEL OF SUBSTRATE shows how it fits into the cleft in the lysozyme molecule. All the
carbon atoms in the substrate are shown in purple. The portion of the substrate in intimate
contact with the underlying enzyme is a polysaccharide chain consisting of six ringlike struc-
tures, each a residue of an amino-sugar molecule. The substrate in the model is made up of
six identical residues of the amino sugar called N-acetylglucosamine (NAG). In the actual
substrate every other residue is an amino sugar known as N-acetylmuramic acid (NAM).
The illustration is based on X-ray studies of the way the enzyme is bound to a trisaccharide
made of three NAG units, which fills the top of the cleft; the arrangement of NAG units in
the bottom of the cleft was worked out with the aid of three-dimensional models. The sub-
strate is held to the enzyme by a complex network of hydrogen bonds. In this style of model-
making each straight section of chain represents a bond between atoms. The atoms them-
selves lie at the intersections and elbows of the structure. Except for the four red balls rep-
resenting oxygen atoms that are active in splitting the polysaccharide substrate, no attempt

is made to represent the electron shells of atoms because they would merge into a solid mass.
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1015 identical molecules in a regular
array; in effect the molecules in such a
crystal diffract the X radiation as though
they were a single giant molecule. The
crystal acts as a three-dimensional dif-
fraction grating, so that the waves scat-
tered by them are confined to a number
of discrete directions. In order to obtain
a three-dimensional image of the struc-
ture the intensity of the X rays scattered
in these different directions must be
measured, the phase problem must be
solved somehow and the measurements
must be combined by a computer.

The recent successes of this method
in the study of protein structures have
depended a great deal on the develop-
ment of electronic computers capable
of performing the calculations. They
are due most of all, however, to the
discovery in 1953, by M. F. Perutz of
the Medical Research Council Labora-
tory of Molecular Biology in Cambridge,
that the method of “isomorphous re-
placement” can be used to solve the
phase problem in the study of protein
crystals. The method depends on the
preparation and study of a series of pro-
tein crystals into which additional heavy
atoms, such as atoms of uranium, have
been introduced without otherwise af-
fecting the crystal structure. The first
successes of this method were in the
study of sperm-whale myoglobin by
John C. Kendrew of the Medical Re-
search Council Laboratory and in Pe-
rutz’ own study of horse hemoglobin.
For their work the two men received the
Nobel prize for chemistry in 1962 [see
“The Three-dimensional Structure of a
Protein Molecule,” by John C. Kendrew,
ScienTiFic AMERICAN, December, 1961,
and “The Hemoglobin Molecule,” by
M. F. Perutz, SCIENTIFIC AMERICAN,
November, 1964].

Because the X rays are scattered by
the electrons within the molecules, the
image calculated from the diffraction
pattern reveals the distribution of elec-
trons within the crystal. The electron
density is usually calculated at a regu-
lar array of points, and the image is
made visible by drawing contour lines
through points of equal electron den-
sity. If these contour maps are drawn
on clear plastic sheets, one can obtain
a three-dimensional image by assem-
bling the maps one above the other in a
stack. The amount of detail that can be
seen in such an image depends on the
resolving power of the effective micro-
scope, that is, on its “aperture,” or the
extent of the diffraction pattern that has
been included in the formation of the
image. If the waves diffracted through
sufficiently high angles are included
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(corresponding to a large aperture), the
atoms appear as individual peaks in
the image map. At lower resolution
groups of unresolved atoms appear with
characteristic shapes by which they can
be recognized.

The three-dimensional structure of
lysozyme crystallized from the white of
hen’s egg has been determined in atom-
ic detail with the X-ray method by our
group at the Royal Institution in Lon-
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MAP OF LYSOZYME AND SUBSTRATE depicts in color the
central chain of each molecule. Side chains have been omitted ex-
cept for those that produce the four disulfide bonds clipping the
lysozyme molecule together and those that supply the terminal con-
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don. This is the laboratory in which
Humphry Davy and Michael Faraday
made their fundamental discoveries dur-
ing the 19th century, and in which the
X-ray method of structure analysis was
developed between the two world wars
by the brilliant group of workers led
by William Bragg, including J. D. Ber-
nal, Kathleen Lonsdale, W. T. Astbury,
J. M. Robertson and many others. Our
work on lysozyme was begun in 1960
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when Roberto |. Poljak, a visiting work-
er from Argentina, demonstrated that
suitable crystals containing heavy atoms
could be prepared. Since then C. C. F.
Blake, A. C. T. North, V. R. Sarma,
Ruth Fenn, D. F. Koenig, Louise N.
Johnson and G. A. Mair have played
important roles in the work.

In 1962 a low-resolution image of
the structure was obtained that revealed
the general shape of the molecule and

A
o
e

nections for hydrogen bonds holding the substrate to the lysozyme.
The top three rings of the substrate (A4, B, C) are held to the un-
derlying enzyme by six principal hydrogen bonds, which are iden-
tified by number to key with the description in the text. The lyso-
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showed that the arrangement of the
polypeptide chain is even more com-
plex than it is in myoglobin. This low-
resolution image was calculated from
the amplitudes of about 400 diftraction
maxima measured from native protein
crystals and from crystals containing
each of three different heavy atoms.
In 1965, after the development of more
efficient methods of measurement and
computation, an image was calculated
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zyme molecule fulfills its function when it
cleaves the substrate between the I and the
E ring. Note the distortion of the D ring,
which pushes four of its atoms into a plane.

on the basis of nearly 10,000 diffrac-
tion maxima, which resolved features
separated by two angstroms. Apart from
showing a few well-separated chloride
ions, which are present because the
lysozyme is crystallized from a solution
containing sodium chloride, the two-
angstrom image still does not show in-
dividual atoms as separate maxima in
the electron-density map. The level of
resolution is high enough, however, for
many of the groups of atoms to be clear-
ly recognizable.

The Lysozyme Molecule

The main polypeptide chain appears
as a continuous ribbon of electron den-
sity running through the image with
regularly spaced promontories on it that
are characteristic of the carbonyl groups
(CO) that mark each peptide bond.
In some regions the chain is folded in
ways that are familiar from theoretical
studies of polypeptide configurations
and from the structure analyses of myo-
globin and fibrous proteins such as the
keratin of hair. The amino acid residues
in lysozyme have now been designated
by number; the residues numbered 5
through 15, 24 through 34 and 88
through 96 form three lengths of “alpha
helix,” the conformation that was pro-
posed by Linus Pauling and Robert B.
Corey in 1951 and that was found by
Kendrew and his colleagues to be the
most common arrangement of the chain
in myoglobin. The helixes in lysozyme,
however, appear to be somewhat dis-
torted from the “classical” form, in
which four atoms (carbon, oxygen, ni-
trogen and hydrogen) of each peptide
group lie in a plane that is parallel to
the axis of the alpha helix. In the lyso-
zyme molecule the peptide groups in
the helical sections tend to be rotated
slightly in such a way that their CO
groups point outward from the helix
axes and their imino groups (NH) in-
ward.

The amount of rotation varies, being
slight in the helix formed by residues 5
through 15 and considerable in the one
formed by residues 24 through 34. The
effect of the rotation is that each NH
group does not point directly at the CO
group four residues back along the chain
but points instead between the CO
groups of the residues three and four
back. When the NH group points di-
rectly at the CO group four residues
back, as it does in the classical alpha
helix, it forms with the CO group a hy-
drogen bond (the weak chemical bond
in which a hydrogen atom acts as a
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bridge). In the lysozyme helixes the hy-
drogen bond is formed somewhere be-
tween two CO groups, giving rise to a
structure intermediate between that of
an alpha helix and that of a more sym-
metrical helix with a three-fold symme-
try axis that was discussed by Lawrence
Bragg, Kendrew and Perutz in 1950.
There is a further short length of helix
(residues 80 through 85) in which the
hydrogen-bonding arrangement is quite
close to that in the three-fold helix, and
also an isolated turn (residues 119
through 122) of three-fold helix. Fur-
thermore, the peptide at the far end of
helix 5 through 15 is in the conforma-
tion of the three-fold helix, and the hy-
drogen bond from its NH group is made
to the CO three residues back rather
than four.

Partly because of these irregularities
in the structure of lysozyme, the pro-
portion of its polypeptide chain in the
alpha-helix conformation is difficult to
calculate in a meaningful way for com-
parison with the estimates obtained by
other methods, but it is clearly less
than half the proportion observed in
myoglobin, in which helical regions
make up about 75 percent of the chain.
The lysozyme molecule does include,
however, an example of another regu-
lar conformation predicted by Pauling
and Corey. This is the “antiparallel
pleated sheet,” which is believed to be
the basic structure of the fibrous pro-
tein silk and in which, as the name sug-
gests, two lengths of polypeptide chain
run parallel to each other in opposite
directions. This structure again is stabi-
lized by hydrogen bonds between the
NH and CO groups of the main chain.
Residues 41 through 45 and 50 through
54 in the lysozyme molecule form such
a structure, with the connecting resi-
dues 46 through 49 folded into a hair-
pin bend between the two lengths of
comparatively extended chain. The re-
mainder of the polypeptide chain is
folded in irregular ways that have no
simple short description.

Even though the level of resolution
achieved in our present image was not
enough to resolve individual atoms,
many of the side chains characteristic
of the amino acid residues were readily
identifiable from their general shape.
The four disulfide bridges, for ex-
ample, are marked by short rods of high
electron density corresponding to the
two relatively dense sulfur atoms with-
in them. The six tryptophan residues
also were easily recognized by the ex-
tended electron density produced by
the large double-ring structures in their
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FIRST 56 RESIDUES in lysozyme molecule contain a higher proportion of symmetrically
organized regions than does all the rest of the molecule. Residues 5 through 15 and 24
through 34 (right) form two regions in which hydrogen bonds (gray) hold the residues in
a helical configuration close to that of the “classical” alpha helix. Residues 41 through 45
and 50 through 54 (left) fold back against each other to form a “pleated sheet,” also held
together by hydrogen bonds. In addition the hydrogen bond between residues 1 and 40
ties the first 40 residues into a compact structure that may have been folded in this way
before the molecule was fully synthesized (see illustration at the bottom of these two pages).

side chains. Many of the other residues
also were easily identifiable, but it was
nevertheless most important for the
rapid and reliable interpretation of the
image that the results of the chemical
analysis were already available. With
their help more than 95 percent of the
atoms in the molecule were readily
identified and located within about .25
angstrom.

Further efforts at improving the ac-
curacy with which the atoms have been
located is in progress, but an almost
complete description of the lysozyme
molecule now exists [see illustration on
pages 80 and 81]. By studying it and

MESSENGER RNA

the results of some further experiments
we can begin to suggest answers to two
important questions: How does a mole-
cule such as this one attain its observed
conformation? How does it function as
an enzyme, or biological catalyst?
Inspection of the lysozyme molecule
immediately suggests two generaliza-
tions about its conformation that agree
well with those arrived at earlier in the
study of myoglobin. It is obvious that
certain residues with acidic and basic
side chains that ionize, or dissociate,
on contact with water are all on the
surface of the molecule more or less
readily accessible to the surrounding

liquid. Such “polar” side chains are
hydrophilic—attracted to water; they
are found in aspartic acid and glutamic
acid residues and in lysine, arginine
and histidine residues, which have basic
side groups. On the other hand, most
of the markedly nonpolar and hydro-
phobic side chains (for example those
found in leucine and isoleucine resi-
dues) are shielded from the surrounding
liquid by more polar parts of the mole-
cule. In fact, as was predicted by Sir
Eric Rideal (who was at one time direc-
tor of the Royal Institution) and Irving
Langmuir, lysozyme, like myoglobin, is
quite well described as an oil drop with
a polar coat. Here it is important to
note that the environment of each mole-
cule in the crystalline state is not signifi-
cantly different from its natural environ-
ment in the living cell. The crystals
themselves include a large proportion
(some 35 percent by weight) of mostly
watery liquid of crystallization. The
effect of the surrounding liquid on the
protein conformation thus is likely to be
much the same in the crystals as it is in
solution.

It appears, then, that the observed
conformation is preferred because in it
the hydrophobic side chains are kept
out of contact with the surrounding
liquid whereas the polar side chains
are generally exposed to it. In this way
the system consisting of the protein
and the solvent attains a minimum free
energy, partly because of the large num-
ber of favorable interactions of like
groups within the protein molecule and
between it and the surrounding liquid,
and partly because of the relatively
high disorder of the water molecules
that are in contact only with other
polar groups of atoms.

Guided by these generalizations,
many workers are now interested in the
possibility of predicting the conforma-

1
CODON NUMBER 1

FOLDING OF PROTEIN MOLECULE may take place as the grow-
ing polypeptide chain is being synthesized by the intracellular par-
ticles called ribosomes. The genetic message specifying the amino
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acid sequence of each protein is coded in “messenger” ribonucleic
acid (RNA). It is believed several ribosomes travel simultaneously
along this long-chain molecule, reading the message as they go.



tion of a protein molecule from its
chemical formula alone [see “Molecular
Model-building by Computer,” by Cy-
rus Levinthal; SciENTIFIC AMERICAN,
June]. The task of exploring all possible
conformations in the search for the one
of lowest free energy seems likely, how-
ever, to remain beyond the power of any
imaginable computer. On a conservative
estimate it would be necessary to con-
sider some 10129 different conformations
for the lysozyme molecule in any gen-
eral search for the one with minimum
free energy. Since this number is far
greater than the number of particles in
the observable universe, it is clear that
simplifying assumptions will have to be
made if calculations of this kind are to
succeed.

The Folding of Lysozyme

For some time Peter Dunnill and I
have been trying to develop a model of
protein-folding that promises to make
practicable calculations of the minimum
energy conformation and that is, at the
same time, qualitatively consistent with
the observed structure of myoglobin
and lysozyme. This model makes use
of our present knowledge of the way
in which proteins are synthesized in
the living cell. For example, it is well
known, from experiments by Howard M.
Dintzis and by Christian B. Anfinsen
and Robert Canfield, that protein mole-
cules are synthesized from the terminal
amino end of their polypeptide chain.
The nature of the synthetic mecha-
nism, which involves the intracellular
particles called ribosomes working in
collaboration with two forms of ribonu-
cleic acid (“messenger” RNA and “trans-
fer” RNA), is increasingly well under-
stood in principle, although the detailed
environment of the growing protein
chain remains unknown. Nevertheless,

Presumably the messenger RNA for lysozyme contains 129 “co-
dons,” one for each amino acid. Amino acids are delivered to the
site of synthesis by molecules of “transfer” RNA (dark color). The

it seems a reasonable assumption that,
as the synthesis proceeds, the amino
end of the chain becomes separated by
an increasing distance from the point of
attachment to the ribosome, and that the
folding of the protein chain to its na-
tive conformation begins at this end
even before the synthesis is complete.
According to our present ideas, parts
of the polypeptide chain, particularly
those near the terminal amino end, may
fold into stable conformations that can
still be recognized in the finished mole-
cule and that act as “internal templates,”
or centers, around which the rest of
the chain is folded [see illustration at
bottom of these two pages]. It may
therefore be useful to look for the stable
conformations of parts of the polypep-
tide chain and to avoid studying all the
possible conformations of the whole
molecule.

Inspection of the lysozyme molecule
provides qualitative support for these
ideas [see top illustration on opposite
page]. The first 40 residues from the
terminal amino end form a compact
structure (residues 1 and 40 are linked
by a hydrogen bond) with a hydropho-
bic interior and a relatively hydrophilic
surface that seems likely to have been
folded in this way, or in a simply re-
lated way, before the molecule was
fully synthesized. It may also be im-
portant to observe that this part of
the molecule includes more alpha helix
than the remainder does.

These first 40 residues include a
mixture of hydrophobic and hydro-
philic side chains, but the next 14 resi-
dues in the sequence are all hydrophilic;
it is interesting, and possibly significant,
that these are the residues in the anti-
parallel pleated sheet, which lies out
of contact with the globular submole-
cule formed by the earlier residues. In
the light of our model of protein fold-
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ing the obvious speculation is that
there is no incentive to fold these hy-
drophilic residues in contact with the
first part of the chain until the hy-
drophobic residues 55 (isoleucine) and
56 (leucine) have to be shielded from
contact with the surrounding liquid.
It seems reasonable to suppose that
at this stage residues 41 through 54
fold back on themselves, forming the
pleated-sheet structure and burying the
hydrophobic side chains in the initial
hydrophobic pocket.

Similar considerations appear to gov-
ern the folding of the rest of the mole-
cule. In brief, residues 57 through 86
are folded in contact with the pleated-
sheet structure so that at this stage
of the process—if indeed it follows this
course—the folded chain forms a struc-
ture with two wings lying at an angle
to each other. Residues 86 through 96
form a length of alpha helix, one side
of which is predominantly hydrophobic,
because of an appropriate alternation
of polar and nonpolar residues in that
part of the sequence. This helix lies in
the gap between the two wings formed
by the earlier residues, with its hydro-
phobic side buried within the molecule.
The gap between the two wings is not
completely filled by the helix, however;
it is transformed into a deep cleft run-
ning up one side of the molecule. As we
shall see, this cleft forms the active site
of the enzyme. The remaining residues
are folded around the globular unit
formed by the terminal amino end of
the polypeptide chain.

This model of protein-folding can be
tested in a number of ways, for example
by studying the conformation of the
first 40 residues in isolation both di-

illustration shows how the lysozyme chain would lengthen as a ri-
bosome travels along the messenger RNA molecule. Here, hypothet-
ically, the polypeptide is shown folding directly into its final shape.
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rectly (after removal of the rest of the
molecule) and by computation. Ulti-
mately, of course, the model will be re-
garded as satisfactory only if it helps us
to predict how other protein molecules
are folded from a knowledge of their
chemical structure alone.

The Activity of Lysozyme

In order to understand how lysozyme
brings about the dissolution of bacte-
ria we must consider the structure of
the bacterial cell wall in some detail.
Through the pioneer and independent
studies of Karl Meyer and E. B. Chain,
followed up by M. R. J. Salton of the
University of Manchester and many oth-
ers, the structures of bacterial cell walls
and the effect of lysozyme on them are
now quite well known. The important
part of the cell wall, as far as lysozyme
is concerned, is made up of glucose-like
amino-sugar molecules linked together
into long polysaccharide chains, which
are themselves cross-connected by short
lengths of polypeptide chain. This part
of each cell wall probably forms one
enormous molecule—a “bag-shaped mac-
romolecule,” as W. Weidel and H. Pel-
zer have called it.

The amino-sugar molecules concerned
in these polysaccharide structures are of
two kinds; each contains an acetamido
(-NH - CO - CHj) side group, but one
of them contains an additional major
group, a lactyl side chain [see illustra-
tion below]. One of these amino sugars
is known as N-acetylglucosamine (NAG)
and the other as N-acetylmuramic acid
(NAM). They occur alternately in the
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polysaccharide chains, being connected
by bridges that include an oxygen atom
(glycosidic linkages) between carbon
atoms 1 and 4 of consecutive sugar
rings; this is the same linkage that joins
glucose residues in cellulose. The poly-
peptide chains that cross-connect these
polysaccharides are attached to the
NAM residues through the lactyl side
chain attached to carbon atom 3 in each
NAM ring.

Lysozyme has been shown to break
the linkages in which carbon 1 in NAM
is linked to carbon 4 in NAG but not the
other linkages. It has also been shown
to break down chitin, another common
natural polysaccharide that is found in
lobster shell and that contains only
NAG.

Ever since the work of Svante Ar-
rhenius of Sweden in the late 19th cen-
tury enzymes have been thought to
work by forming intermediate com-
pounds with their substrates: the sub-
stances whose chemical reactions they
catalyze. A proper theory of the en-
zyme-substrate complex, which under-
lies all present thinking about enzyme
activity, was clearly propounded by
Leonor Michaelis and Maude Menton
in a remarkable paper published in
1913. The idea, in its simplest form,
is that an enzyme molecule provides a
site on its surface to which its substrate
molecule can bind in a quite precise
way. Reactive groups of atoms in the
enzyme then promote the required
chemical reaction in the substrate. Our
immediate objective, therefore, was to
find the structure of a reactive complex
between lysozyme and its polysaccha-

ride substrate, in the hope that we
would then be able to recognize the ac-
tive groups of atoms in the enzyme and
understand how they function.

Our studies began with the observa-
tion by Martin Wenzel and his col-
leagues at the Free University of Berlin
that the enzyme is prevented from func-
tioning by the presence of NAG itself.
This small molecule acts as a competi-
tive inhibitor of the enzyme’s activity
and, since it is a part of the large sub-
strate molecule normally acted on by
the enzyme, it seems likely to do this by
binding to the enzyme in the way that
part of the substrate does. It prevents
the enzyme from working by preventing
the substrate from binding to the en-
zyme. Other simple amino-sugar mole-
cules, including the trisaccharide made
of three NAG units, behave in the same
way. We therefore decided to study the
binding of these sugar molecules to the
lysozyme molecules in our crystals in
the hope of learning something about
the structure of the enzyme-substrate
complex itself.

My colleague Louise Johnson soon
found that crystals containing the sugar
molecules bound to lysozyme can be
prepared very simply by adding the
sugar to the solution from which the
lysozyme crystals have been grown and
in which they are kept suspended. The
small molecules diffuse into the protein
crystals along the channels filled with
water that run through the crystals. For-
tunately the resulting change in the
crystal structure can be studied quite
simply. A useful image of the electron-
density changes can be calculated from
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POLYSACCHARIDE MOLECULE found in the walls of certain
bacterial cells is the substrate broken by the lysozyme molecule.
The polysaccharide consists of alternating residues of two kinds of
amino sugar: N-acetylglucosamine (NAG) and N-acetylmuramic
acid (NAM). In the length of polysaccharide chain shown here
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A, C and E are NAG residues; B, D and F are NAM residues. The
inset at left shows the numbering scheme for identifying the
principal atoms in each sugar ring. Six rings of the polysaccharide
fit into the cleft of the lysozyme molecule, which effects a cleav-
age between rings D and E (see illustration on pages 84 and 85).
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measurements of the changes in ampli-
tude of the diffracted waves, on the as-
sumption that their phase relations have
not changed from those determined for
the pure protein crystals. The image
shows the difference in electron density
between crystals that contain the added
sugar molecules and those that do not.

In this way the binding to lysozyme
of eight different amino sugars was
studied at low resolution (that is,
through the measurement of changes in
the amplitude of 400 diftracted waves).
The results showed that the sugars bind
to lysozyme at a number of different
places in the cleft of the enzyme. The
investigation was hwrried on to higher
resolution in an attempt to discover the
exact nature of the binding. Happily
these studies at two-angstrom resolution
(which required the measurement of
10,000 diffracted waves) have now
shown in detail how the trisaccharide
made of three NAG units is bound to
the enzyme.

The trisaccharide fills the top half of
the cleft and is bound to the enzyme by
a number of interactions, which can be
followed with the help of the illustra-
tion on pages 84 and 85. In this illus-
tration six important hydrogen bonds,
to be described presently, are identified
by number. The most critical of these
interactions appear to involve the aceta-
mido group of sugar residue C [third
from top]l, whose carbon atom 1 is not
linked to another sugar residue. There
are hydrogen bonds from the CO group
of this side chain to the main-chain NH
group of amino acid residue 59 in the
enzyme molecule [bond No. 1] and
from its NH group to the main-chain
CO group of residue 107 (alanine) in
the enzyme molecule [bond No. 2]. Its
terminal CH3 group makes contact with
the side chain of residue 108 (trypto-
phan). Hydrogen bonds [No. 3 and No.
4] are also formed between two oxygen
atoms adjacent to carbon atoms 6 and 3
of sugar residue C and the side chains
of residues 62 and 63 (both tryptopharn)
respectively. Another hydrogen bond
[No. 5] is formed between the acetami-
do side chain of sugar residue A and
residue 101 (aspartic acid) in the en-
zyme molecule. From residue 101 there
is a hydrogen bond [No. 6] to the oxy-
gen adjacent to carbon atom 6 of sugar
residue B. These polar interactions are
supplemented by a large number of
nonpolar interactions that are more dif-
ficult to summarize briefly. Among the
more important nonpolar interactions,
however, are those between sugar resi-
due B and the ring system of residue

62; these deserve special mention be-
cause they are affected by a small
change in the conformation of the en-
zyme molecule that occurs when the
trisaccharide is bound to it. The elec-
tron-density map showing the change in
electron density when tri-NAG is bound
in the protein crystal reveals clearly
that parts of the enzyme molecule have
moved with respect to one another.
These changes in conformation are
largely restricted to the part of the
enzyme structure to the left of the cleft,
which appears to tilt more or less as a
whole in such a way as to close the cleft
slightly. As a result the side chain of
residue 62 moves about .75 angstrom
toward the position of sugar residue B.
Such changes in enzyme conformation
have been discussed for some time, no-
tably by Daniel E. Koshland, Jr., of the
University of California at Berkeley,
whose “induced fit” theory of the en-
zyme-substrate interaction is supported
in some degree by this observation in
lysozyme.

The Enzyme-Substrate Complex

At this stage in the investigation ex-
citement grew high. Could we tell how
the enzyme works? I believe we can.
Unfortunately, however, we cannot see
this dynamic process in our X-ray im-
ages. We have to work out what must
happen from our static pictures. Iirst
of allit is clear that the complex formed
by tri-NAG and the enzyme is not the
enzyme-substrate complex involved in
catalysis because it is stable. At low con-
centrations tri-NAG is known to behave
as an inhibitor rather than as a substrate
that is broken down; clearly we have
been looking at the way in which it
binds as an inhibitor. It is noticeable,
however, that tri-NAG fills only half of
the cleft. The possibility emerges that
more sugar residues, filling the remain-
der of the cleft, are required for the
formation of a reactive enzyme-substrate
complex. The assumption here is that
the observed binding of tri-NAG as an
inhibitor involves interactions with the
enzyme molecule that also play a part
in the formation of the functioning en-
zyme-substrate complex.

Accordingly we have built a model
that shows that another three sugar
residues can be added to the tri-NAG
in such a way that there are satisfactory
interactions of the atoms in the proposed
substrate and the enzyme. There is only
one difficulty: carbon atom 6 and its
adjacent oxygen atom in sugar residue
D make uncomfortably close contacts
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“CHAIR” CONFIGURATION (gray) is that
normally assumed by the rings of amino
sugar in the polysaccharide substrate. When
bound against the lysozyme, however, the D
ring is distorted (color) so that carbon
atoms I, 2 and 5 and oxygen atom 5 lie in
a plane. The distortion evidently assists in
breaking the substrate below the D ring.

with atoms in the enzyme molecule, un-
less this sugar residue is distorted a
little out of its most stable “chai” con-
formation into a conformation in which
carbon atoms 1, 2 and 5 and oxygen
atom 5 all lie in a plane [see illustration
above]. Otherwise satisfactory interac-
tions immediately suggest themselves,
and the model falls into place.

At this point it seemed reasonable
to assume that the model shows the
structure of the functioning complex be-
tween the enzyme and a hexasaccharide.
The next problem was to decide which
of the five glycosidic linkages would be
broken under the influence of the en-
zyme. Fortunately evidence was at hand
to suggest the answer. As we have seen,
the cell-wall polysaccharide includes al-
ternate sugar residues of two kinds,
NAG and NAM, and the bond broken
is between NAM and NAG. It was
therefore important to decide which of
the six sugar residues in our model could
be NAM, which is the same as NAG
except for the lactyl side chain append-
ed to carbon atom 3. The answer was
clear-cut. Sugar residue C cannot be
NAM because there is no room for this
additional group of atoms. Therefore the
bond broken must be between sugar
residues B and C or D and E. We al-
ready knew that the glycosidic linkage
between residues B and C is stable
when tri-NAG is bound. The conclu-
sion was inescapable: the linkage that
must be broken is the one between
sugar residues D and E.

Now it was possible to search for the
origin of the catalytic activity in the
neighborhood of this linkage. Our task
was made easier by the fact that John A.
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Rupley of the University of Arizona had
shown that the chemical bond broken
under the influence of lysozyme is the
one between carbon atom 1 and oxygen
in the glycosidic link rather than the
link between oxygen and carbon atom
4. The most reactive-looking group of
atoms in the vicinity of this bond are
the side chains of residue 52 (aspartic
acid) and residue 35 (glutamic acid).

One of the oxygen atoms of residue 52
is about three angstroms from carbon
atom 1 of sugar residue D as well as
from the ring oxygen atom 5 of that
residue. Residue 35, on the other hand,
is about three angstroms from the oxy-
gen in the glycosidic linkage. Further-
more, these two amino acid residues
have markedly different environments.
Residue 52 has a number of polar
neighbors and appears to be involved in
a network of hydrogen bonds linking it
with residues 46 and 59 (both aspara-
gine) and, through them, with residue
50 (serine). In this environment residue
52 seems likely to give up a terminal
hydrogen atom and thus be negatively
charged under most conditions, even
when it is in a markedly acid solution,
whereas residue 35, situated in a non-
polar environment, is likely to retain its
terminal hydrogen atom.

A little reflection suggests that the
concerted influence of these two amino

_ OXYGEN

HYDROGEN

WATER
MOLECULE

SPLITTING OF SUBSTRATE BY LYSOZYME is believed to involve the proximity and
activity of two side chains, residue 35 (glutamic acid) and residue 52 (aspartic acid). It is pro-
posed that a hydrogen ion (H* ) becomes detached from the OH group of residue 35 and
attaches itself to the oxygen atom that joins rings D and E, thus breaking the bond between
the two rings. This leaves carbon atom 1 of the D ring with a positive charge, in which form
it is known as a carbonium ion. It is stabilized in this condition by the negatively charged
side chain of residue 52. The surrounding water supplies an OH~ ion to combine with the

carbonium ion and an H* ion to replace the one lost by residue 35. The two parts of

the substrate then fall away, leaving the enzyme free to cleave another polysaccharide chain.
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acid residues, together with a contribu-
tion from the distortion to sugar residue
D that has already been mentioned, is
enough to explain the catalytic activity
of lysozyme. The events leading to the
rupture of a bacterial cell wall probably
take the following course [see illustra-
tion on this page].

First, a lysozyme molecule attaches
itself to the bacterial cell wall by in-
teracting with six exposed amino-sugar
residues. In the process sugar residue D
is somewhat distorted from its usual
conformation.

Second, residue 35 transfers its ter-
minal hydrogen atom in the form of a
hydrogen ion to the glycosidic oxygen,
thus bringing about cleavage of the
bond between that oxygen and carbon
atom 1 of sugar residue D. This creates
a positively charged carbonium ion (C*)
where the oxygen has been severed
from carbon atom 1.

Third, this carbonium ion is stabilized
by its interaction with the negatively
charged aspartic acid side chain of resi-
due 52 until it can combine with a hy-
droxyl ion (OH™) that happens to dif-
fuse into position from the surrounding
water, thereby completing the reaction.
The lysozyme molecule then falls away,
leaving behind a punctured bacterial
cell wall.

It is not clear from this description
that the distortion of sugar residue D
plays any part in the reaction, but in
fact it probably does so for a very in-
teresting reason. R. H. Lemieux and
G. Huber of the National Research
Council of Canada showed in 1955 that
when a sugar molecule such as NAG in-
corporates a carbonium ion at the car-
bon-1 position, it tends to take up the
same conformation that is forced on
ring D by its interaction with the en-
zyme molecule. This seems to be an
example, therefore, of activation of the
substrate by distortion, which has long
been a favorite idea of enzymologists.
The binding of the substrate to the en-
zyme itself favors the formation of the
carbonium ion in ring D that seems to
play an important part in the reaction.

It will be clear from this account that
although lysozyme has not been seen
in action, we have succeeded in build-
ing up a detailed picture of how it
may work. There is already a great deal
of chemical evidence in agreement with
this picture, and as the result of all the
work now in progress we can be sure
that the activity of Fleming’s lysozyme
will soon be fully understood. Best of
all, it is clear that methods now exist
for uncovering the secrets of enzyme
action,



The Renault for
people who swore

they would never
buyanother one.

We cannot blame anyone who swore
they would never buy another Renault.

When we first sent our cars into this
country we ran into a sad situation.

~ Wehad, as we say in France, sold the
skin of the bear before having put him on
the ground.

Our cars were not fully prepared
to meet the demands of America, where
sustained high speeds are normal, where a
heavy foot with the clutch is normal, and
where people are not used to fixing their
own cars.

Morethanafairshare of things went
wrong with our cars. Less than a fair share
of our dealers were equipped to deal with
what went wrong.

Well, that is actually water over-the
dam, so to speak.

After all, Renault has a reputation
to protect as one of the finest and oldest
(1898) and largest (7th) manufacturers of
automobiles in the world.

So with all our hearts and with all
our strength we set out to protect that
reputation.

We began by selecting our raw ma-
terials more carefully. We used a steel of
thicker gauge. And the paint and the rust-
proofing and the undercoating we used
more thickly.

We improved also the quality of our
quality control, and we added another 25%
of fine inspectors.

The next step was to improve our
dealers. So before we sign on any new

dealer, we require that he useonly Renault-
trained mechanics.

And we make it certain that not one
of our cars is sold in this country unless
every part for it is available.

And, of course, we developed a fan-
tastic car, the Renault 8. But before we
introduced it here we ran it around Europe
first. And then very quietly on a small scale
we brought it here a few years ago.

And when we were sure the car was
perfect, we improved it, and now this is the
car we are talking about.

It is the Renault 10.

It is probably as comfortable as any
automobile you will ever sit in, “and you
can toss in a Bentley Continental or a Rolls
if you care to,” said one critic, but we don’t

know if that is not too much for us to say.

It has a five-main-bearing engine
that you can drive all day at top speed (84
mph) and not do it injury, so finely is it
machined.

It will average an honest 35 mpg.

It has a liquid cooling system that
is infinitely quieter than air-cooling, yet it
will not boil or freeze.

The Renault 10 is equipped with
four doors, four wheel independent suspen-
sion, and disc brakes on all four wheels.

Yet it costs only $1647"

Now the bear is on the ground.

If you do not at least test drive the
Renault 10, you shall
have only yourself at
whom to swear.

RENAULI<

P

L3

~
-

The Renault 10

*East and Gulf Coast, P.O.E. Slightly higher on West Coast. ¥*Whitewalls optional. Automatic Transmission $165 additional.
For the address of Renault dealer or information on money saving overseas delivery, write Renault, Inc., 750 Third Avenue, New York, N.Y. 10017
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A picture of the picture under

Polaroid has a film that develops
in 15 seconds and shows you things
the naked eye can’t see. The paint-
ing under a painting. Writing that’s
been erased. The patterns made by
heat. Things that happen in the
dark.

The film is Polaroid Type 413 In-
frared Land film. And it’s added

infrared recordings to the long list
of photographs you can make on
the spot.

A film that can reveal as well as
record, and do it in 15 seconds, is
going to have some interesting jobs.
Working in an art museum is one
of them.

The various pigments in a paint-
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ing, and the surface varnish, all
transmit and reflect infrared radia-
tion in different ways. Because of
that, Type 413 can bring out details
hidden by darkened varnish. It can
also reveal overpainting and tell
the expert what’s been dcne by
later restorers. Or what changes the
painter himself made. Which is



the picture m 15 seconds.

what we’ve shown here.

This is a Renaissance oil by Lo-
renzo di Credi.* In the infrared re-
cording on the right, you can see
how the artist made subtle changes
in the face. Notice the repainting
of the eyes and chin.

The information Type 413 film
provides in 15 seconds can help the

conservationist determine how to
clean or restore a masterpiece. It
can help with investigating the
methods of old masters. And in de-
termining whether a painting is an
original, a copy, or a forgery.

If you don’t happen to have an
old master lying around, perhaps
you have some other reason for

looking into the infrared. Spectro-
graphic analysis? Laser research?
Materials testing? If so, you'll want
to know more about the film that
lets you see what'’s there in 15 sec-
onds. WTrite to Polaroid Corpora-
tion, Cambridge, Mass. 02139.

Polaroid ®

Polaroid Infrared Land Film

*Courtesy of The Metropolitan Museum of Art, bequest of Richard de Wolfe Brixey, 1943.
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THE AGING GREAT LAKES

Like all other lakes, they are subject to physical and biological

processes that will eventually result 1in their extinction. These

processes, however,

by

he five Great Lakes in the heart-
I land of North America constitute
the greatest reservoir of fresh
water on the surface of the earth. Lake
Superior, with an area of 31,820 square
miles (nearly half the area of New
England), is the world’s largest fresh-
water lake; Lake Huron ranks fourth in
the world, Lake Michigan fifth, Lake
Erie 11th and Lake Ontario 13th. To-
gether the five lakes cover 95,200 square
miles and contain 5,457 cubic miles of
water. They provide a continuous wa-
terway into the heart of the continent
that reaches nearly 2,000 miles from
the mouth of the St. Lawrence River
to Duluth at the western tip of Lake
Superior.

The Great Lakes are obviously an
inestimable natural resource for the de-
velopment of the U.S. and Canada. They
supply vast amounts of water for various
needs: drinking, industrial uses and so
forth. They serve as a transportation sys-
tem linking many large inland cities to
one another and to the sea. Their falls
and rapids generate huge supplies of
hydroelectric power. Their fish life is a
large potential source of food. And final-
ly, they serve as an immense playground
for human relaxation, through boating,
swimming and fishing.

The settlements and industries that
have grown up around this attractive
resource are already very substantial.
Although less than 3.5 percent of the

are being accelerated by human activities

total U.S. land area lies in the Great
Lakes basin, it is the home of more than
13.5 percent of the nation’s population
(and about a third of Canada’s popula-
tion). In the southern part of the basin,
from Milwaukee on the west to Quebec
on the east, is a string of cities that is
approaching the nature and dimensions
of a megalopolis. Many economists be-
lieve the Great Lakes region is likely
to become the fastest-growing area in
the U.S. Their forecast is based mainly
on the fact that whereas most other
regions of the country are experiencing
increasing shortages of water, the Great
Lakes area enjoys a seemingly inexhaust-
ible supply.

Unfortunately the forecast is now
troubled by a large question mark. The
viability of this great water resource is
by no means assured. Even under natu-
ral conditions the life of an inland lake
is limited. It is subject to aging proc-
esses that in the course of time foul its
waters and eventually exhaust them.
The Great Lakes are comparatively
young, and their natural aging would
not be a cause for present concern, since
the natural processes proceed at the
slow pace of the geological time scale.
The aging of these lakes is now being
accelerated tremendously, however, by
man’s activities. Basically the destruc-
tive agent is pollution. The ill effect of
pollution is not limited to the cir-
cumstance that it renders the waters

PROCESS OF EXTINCTION that is the destiny of all lakes is seen in action in the aerial
photograph on the opposite page. Cattaraugus Creek, a stream that forms the boundary be-
tween Erie and Chautauqua counties in New York, enters Lake Erie at this point southwest
of Buffalo. (North is to the right.) The stream is not polluted but it carries silt and nutri-
ents. The silt acts to fill the lake ; the nutrients feed various forms of plant life that encroach
on the shallows and add to the accumulation of bottom deposits. The aging process, which
eventually converts every lake into dry land, is greatly accelerated when, as in the case of
America’s Great Lakes, human and industrial wastes are added to the normal runoff load.
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Charles F. Powers and Andrew Robertson

unclean. Pollution also hastens the de-
generation and eventual extinction of
the lakes as bodies of water.

These conclusions are based on recent
extensive studies of the Great Lakes
by a number of universities and govern-
mental agencies in the U.S. and Canada.
Employing various research techniques,
including those of oceanography, the
studies have produced new basic knowl-
edge about the natural history and ecol-
ogy of the Great Lakes and recent major
changes that have occurred in them.

he natural aging of a lake results

from a process called “eutrophica-
tion,” which means biological enrich-
ment of its water. A newly formed lake
begins as a body of cold, clear, nearly
sterile water. Gradually streams from its
drainage basin bring in nutrient sub-
stances, such as phosphorus and ni-
trogen, and the lake water’s increasing
fertility gives rise to an accumulating
growth of aquatic organisms, both plant
and animal. As the living matter in-
creases and organic deposits pile up on
the lake bottom, the lake becomes
smaller and shallower, its waters be-
come warmer, plants take root in the
bottom and gradually take over more
and more of the space, and their re-
mains accelerate the filling of the basin.
Eventually the lake becomes a marsh, is
overrun by vegetation from the sur-
rounding area and thus disappears.

As a lake ages, its animal and plant
life changes. Its fish life shifts from
forms that prefer cold water to those
that do better in a warmer, shallower
environment; for example, trout and
whitefish give way to bass, sunfish and
perch. These in turn are succeeded by
frogs, mud minnows and other animals
that thrive in a marshy environment.

The natural processes are so slow that
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AMERICAN GREAT LAKES comprise the world’s largest fresh-
water reservoir. Their drainage area (white) is not big enough to
counteract the loss of lake water through discharge and evapora-
tion but the lakes’ level is kept stable by the inflow of groundwater
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and capture of the rain and snow that fall on 95,200 square miles of
water surface. Superior (left) is the deepest of the five and Erie
the shallowest (vertical scale of profile is exaggerated). Erosion
will have destroyed the escarpment forming Niagara Falls 25,000
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years from now; Lake Erie will then empty,
leaving little more than a marshy stream to
channel water from the upper lakes into
Lake Ontario and on to the Atlantic Ocean.

the lifetime of a lake may span geologi-
cal eras. Its rate of aging will depend
on physical and geographic factors such
as the initial size of the lake, the mineral
content of the basin and the climate of
the region. The activities of man can
greatly accelerate this process. Over the
past 50 years it has become clear that
the large-scale human use of certain
lakes has speeded up their aging by a
considerable factor. A particularly dra-
matic example is Lake Zurich in Switzer-
land: the lower basin of that lake, which
receives large amounts of human pollu-
tion, has gone from youth to old age in
less than a century. In the U.S. similarly
rapid aging has been noted in Lake
Washington at Seattle and the Yahara
lake chain in Wisconsin.

When the European explorers of
North America first saw the Great Lakes,
the lakes were in a quite youthful stage:
cold, clear, deep and extremely pure.
In the geological sense they are indeed
young—born of the most recent ice age.
Before the Pleistocene their present
sites were only river valleys. The ad-
vancing glaciers deepened and enlarged
these valleys; after the glaciers began
to retreat some 20,000 years ago the
scoured-out basins filled with the melting
water. The succeeding advances and re-
treats of the ice further deepened and
reshaped the lakes until the last melting
of the ice sheet left them in their
present form.

The land area drained by the Great

Lakes (194,039 square miles) is rela-
tively small it is only about twice the
area of the lakes themselves, whereas
the ratio for most other large lakes is
at least six to one. The drainage alone
is not sufficient to replace the water lost
from the Great Lakes by evaporation
and discharge into the ocean by way
of the St. Lawrence. Thanks to their
immense surface area, however, their
capture of rainfall and snowfall, supple-
mented by inflow of groundwater, main-
tains the lakes at a fairly stable level.
The level varies somewhat, of course,
with the seasons (it is a foot to a foot
and a half higher in summer than in
winter) and with longer-range fluctua-
tions in rainfall. Prolonged spells of
abnormal precipitation or drought have
raised or lowered the level by as much
as 10 feet, thereby causing serious flood-
ing along the lake shores or leaving
boat moorings high and dry.

The five lakes differ considerably
from one another, not only in surface
area but also in the depth and quality
of their waters. Lake Superior averages
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LAKE SUPERIOR
o

LAKE MICHIGAN

25 50
INCREASE IN DISSOLVED SOLIDS
(PARTS PER MILLION)

INDEX OF POLLUTION is provided by
the extent to which the lakes’ content of dis-
solved solids has increased in the past 50
years. Lake Superior shows no increase, and
the modest increase for Lake Huron is at-
tributable to its receipt of Lake Michigan
water, which is more heavily polluted. Lake
Erie’s major cities and its small volume of
water account for its rising solids content.
Lake Ontario’s pollution is a combination
of what is received from Lake Erie and
what the cities along its shores contribute.

487 feet in depth, whereas shallow Lake
Erie averages only 58 feet. There is also
a large difference in the lakes’ altitude:
Lake Superior, at the western end,
stands 336 feet higher above sea level
than Lake Ontario at the eastern ex-
treme. Most of the drop in elevation
occurs in the Niagara River between
Lake Erie and Lake Ontario. At Niagara
Falls, where the river plunges over the
edge of an escarpment, the drop is 167
feet. This escarpment, forming a dam
across the eastern end of Lake Erie,
is continuously being eroded away, and
it is estimated that in 25,000 years it
will be so worn down that Lake Erie
will be drained and become little more
than a marshy stream.

The lakes are all linked together by
a system of natural rivers and straits.
To this system man has added navigable
canals that today make it possible for
large ocean-going ships to travel from
the Atlantic to the western end of Lake
Superior. Hundreds of millions of tons
of goods travel up and down the Great
Lakes each year, and on the U.S. side
alone there are more than 60 commer-
cial ports. The Sault Ste Marie Canal
(the “Soo”), which connects Lake Su-
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OLDER FISH POPULATION of the Great Lakes includes seven
fishes that have nearly disappeared in the past two decades. Among
them are the lakes’ two largest species, the lake trout («) and the
burbot (b), and four smaller but economically important fishes, the
whitefish (c), its close relative the chub, or lake herring (d), the

walleye (g) and its close relative the blue pike (not illustrated). All
six, as well as the sucker (f), have been victims of the parasitic sea
lamprey, a fish that was confined to Lake Ontario until completion
of the Welland Canal in 1932, Other indigenous fishes illustrated
are the gizzard shad (e), the sauger (h) and the sheepshead (i).

INTRUSIVE FISH POPULATION, responsible for disrupting the
previous ecological balance of the four upper Great Lakes, are of
two classes: those introduced by man and those that have entered
on their own. The lamprey (a) is one of the voluntary intruders, as
is the alewife (b), which also entered the upper lakes from Lake
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Ontario via the Welland Canal. Not a predator of adult fishes, the
alewife nonetheless threatens the indigenous fish population. It
feeds on these fishes’ eggs and also consumes much of the other
available food. Species introduced by man are the European carp
(c) and brown trout (d), the rainbow trout (e) and the smelt (f).
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perior and Lake Huron, carries a greater
annual tonnage of shipping than the
Panama Canal. Other major man-made
links in the system are the Welland
Canal, which bypasses the Niagara
River’s falls and rapids to connect Lake
Erie and Lake Ontario, and the recently
completed St. Lawrence Seaway, which
makes the St. Lawrence River fully
navigable from Lake Ontario to the
Atlantic Ocean.

One of the first signs that man’s activi-
ties might have catastrophic eftects
on the natural resources of the Great
Lakes came as an inadvertent result of
the building of the Welland Canal. The
new channel allowed the sea lamprey
of the Atlantic, which had previously
been unable to penetrate any farther
than Lake Ontario, to make its way
into the other lakes. The lamprey is a
parasite that preys on other fishes, rasp-
ing a hole in their skin and sucking
out their blood and other body fluids.
It usually attacks the largest fish avail-
able. By the 1950’s it had killed oft
nearly all the lake trout and burbot (a
relative of the cod that is also called the
eelpout) in Lake Huron, Lake Michigan
and Lake Superior. The lamprey then
turned its attention to smaller species
such as the whitefish, the chub (a
smaller relative of the whitefish), the
blue pike, the walleye and the sucker.
Its depredations not only destroyed a
large part of the fishing industry of the
Great Lakes but also brought radical
changes in the ecology of these lakes.

Since the late 1950’s U.S. and Cana-
dian agencies have been carrying on a
determined campaign to eradicate the
lamprey, using a specific larvicide to
kill immature lampreys in streams where
the species spawns [see “The Sea Lam-
prey,” by Vernon C. Applegate and
James W. Moflett; ScieNTIFIC AMERI-
can, April, 1955]. This program has
succeeded in cutting back greatly the
lamprey population in Lake Superior;
it is now being applied to the streams
feeding into Lake Michigan and will be
extended next to Lake Huron. Efforts
have already been started to reestablish
a growing lake-trout population in Lake
Superior.

Meanwhile a second invader that also
penetrated the lakes through the Wel-
land Canal has become prominent. This
fish is the alewife, a small member of
the herring family. The alewife, which
ranges up to about nine inches in length,
does not attack adult fishes, but it feeds
on their eggs and competes with their
young for food. In the past decade it has
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STEADY DROP in productivity of the Great Lakes commercial fisheries is reflected in the
numbers of three species taken in Lake Erie (black) and one taken in Lake Superior (color)
between 1953 and 1965. The lake-trout catch in Lake Michigan once rivaled Lake Superior’s;
from 1941 through 1946 it averaged more than six million pounds. The decline then began
to be significant. Within a decade the Lake Michigan fishery ceased to yield lake trout.

multiplied so rapidly that it is now the
dominant fish species in Lake Huron
and Lake Michigan and seems to be on
the way to taking over Lake Superior.

Recently attempts have been made to
convert the alewives from a liability to
an asset. The Pacific coho, or silver
salmon, has been introduced into Lake
Superior and Lake Michigan on an ex-
perimental basis. This fish should thrive
feeding on the alewife and yet be pro-
tected from its depredations, because
the eggs and young of the coho are
found in tributary streams the alewives
do not frequent. Other fishes such as the
Atlantic striped bass are being con-
sidered for introduction to supplement
the coho.

The introduction of a new fish into
a lake is always an unpredictable mat-
ter. It may, as in the accidental admis-
sion of the lamprey and the alewife,
disrupt the ecological balance with
disastrous results. Even when the in-
troduction is made intentionally with
a favorable prognosis, it frequently does
not work out according to expectations.
The carp, prized as a food fish in many
countries of Europe, was stocked in the
Great Lakes many years ago and has
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established itself in all the lakes except
Lake Superior. Commercial and sport
fishermen in these lakes, however, have
come to regard the carp as a nuisance.
North Americans generally consider it
inedible, chiefly because they have not
learned how to prepare and cook it prop-
erly. On the other hand, the smelt, in-
troduced into the upper lakes from Lake
Ontario early in this century, has be-
come prized by fishermen and is taken
in large numbers in the Great Lakes
today. What effect it will eventually
have on the ecology of the lakes remains
to be seen.

he Great Lakes are so young that,

biologically speaking, they must be
considered in a formative stage. So far
only a few species of fishes have been
able to invade them and adapt to their
specialized environment, particularly in
their deep waters. As time goes on,
more species will arrive in the lakes and
evolve into forms specially adapted to
the environmental conditions. Lake Bai-
kal in Siberia, a very large and ancient
body of fresh water, offers a good illus-
tration of such a history: it has devel-
oped a well-diversified and distinctive
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population of aquatic animals including
a freshwater seal. As diversity in the
Great Lakes increases, it will become
less and less likely that the arrival or
disappearance of one or two species
(such as the lake trout and burbot) will
result in any profound alteration of the
ecological balance.

Pollution, however, is a decidedly
different factor. Its effects are always
drastic—and generally for the worse.
This is clearly evident in Lake Erie, the

most polluted of the Great Lakes. The
catch of blue pike from this lake
dropped from 18,857,000 pounds in
1956 to less than 500 pounds in 1965,
and that of the walleye fell from 15,-
405,000 pounds in 1956 to 790,000
pounds in 1965. There was also a sharp
decline in lake herring, whitefish and
sauger (a small relative of the walleye).
While these most desirable fishes de-
creased, there were rises in the catch of
sheepshead (the freshwater drum), carp,

yellow perch and smelt. Other signs in
the lake gave evidence of an environ-
ment increasingly unfavorable for de-
sirable fish; among these were the severe
depletion of oxygen in the bottom wa-
ters, the disappearance of mayfly larvae
(a fish food), which used to be extreme-
ly abundant in the shallow western end
of the lake, and spectacular growths
of floating algae—a certain sign of ad-
vanced age in a lake.

Lake Erie receives, to begin with, the

OBLITERATION of a lake is a process that starts at the edge of the
water (top): a few bog-adapted conifers rise in a forest of hard-
woods. Next the debris of shallow-water plants turns the lake mar-
gin into marsh that is gradually invaded by mosses and bog plants,
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bog-adapted bushes and trees such as blueberry and willow, and
additional conifers. Eventually the lake, however deep, is entirely
filled with silt from its tributaries and with plant debris. In the
final stage (bottom) the last central bog soon grows up into forest.
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STEEL RESEARCH AIDS
PRODUCT DESIGN

Special division makes Youngstown’s complete research facilities
available to the steel customer. It gives direct assistance in the

design and methods of using steel in the customer’s products.

by R. H. Frazier, Manager, Research Services

ormally, research for the steel
industry has two purposes:

(1) To develop new proc-

esses within the mills or to im-

prove existing processes. For example,

research in this area has led to a 50%

rise in blast furnace iron production in

the past ten years, and a 30% reduc-

tion in coke consumed per ton of iron

production. Quality has risen, too. And

all this effort has helped maintain

stable, nominally low prices for iron

and steel.

(2) To develop new steel products
to meet more sophisticated require-
ments in both old and new markets.
For example, new petroleum drill pipe
with vield strength of more than
100,000 psi has been developed and
proven. Increased depth of newer wells
has seen pipe used at higher stresses,
thus increasing the chance of corro-
sion fatigue. And the yield strength
level is being increased to 135,000 psi
and 150,000 psi with the expectation
of equally good performance.

But at The Youngstown Sheet and
Tube Company, research has a third
distinct purpose — perhaps the most
important one of all: to be of direct
assistance to the customer.

Youngstown Steel has organized a
separate division of the Research De-
partment for the specific purpose of
providing customer assistance. This di-
vision makes available to the customer
the complete services of the Youngs-
town Research facility, not just a part.

A typical example of this service
concerned the redesign of a water tank.
A customer was manufacturing low-
pressure water tanks by welding two
drawn heads to a roll-formed body
section with a welded side seam. The
entire assembly was galvanized by
dipping the tank into molten zinc.

The manufacturer decided to try
simplifying construction by making
two deep drawn sections from galva-
nized steel sheets and joining two sec-
tions with one circumferential weld.

Youngstown’s design team played a
major role in designing the tank, calcu-
lated the size and thickness of the re-
quired blank and assured a satisfactory
and economical solution. Many thou-

sands of the redesigned tanks have
been made, and the customer is get-
ting ready to make another tank, new-
ly designed with aid from Youngstown.

If desired, Youngstown researchers
make studies to suggest ways to im-
prove the product’s appearance as well
as its function. And it is noteworthy
that a customer’s size and the size of
his problems do not necessarily cor-
relate. All companies, large or small,
are served on an equal basis.

While remaining in close contact
with the customer to insure that all
possible assistance is always available,
great care is also taken to guard against
intrusion. In many cases only the cus-
tomer himself knows what design
characteristics best fit his entire prod-
uct line. In still other cases, absolute
styling secrecy is imperative. The rule
is this: Youngstown research facilities
are ready when needed. Proof testing
or prototype copies of the product are
perhaps the best methods of exactly
determining the customer’s needs.

At the other end of the problem,
Youngstown must supply information
that can help the customer realize the
right forming and fabricating method.

Youngstown U Steel

THE YOUNGSTOWN SHEET AND TUBE COMPANY - YOUNGSTOWN, OHIO 44501
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New methods of forming, such as
stretch forming, electromagnetic form-
ing, explosive forming and combina-
tions of cold extrusion and cold head-
ing are being used with increased
efficiency. Fabrication of a steel prod-
uct by using new joining methods,
such as plasma arc, laser beam, ultra-
sonic and friction welding, can im-
prove quality and cut cost. Assistance
to the customer in the development
and application of fabricating methods
is given wherever possible.

Another important factor in deter-
mining whether or not a product can
be produced profitably from steel is
material handling. Increasing labor
costs make it imperative to handle
material mechanically. Using steel’s
magnetic properties can help reduce
handling costs. The steel manufacturer
does it in his own plant to transfer
large tonnages of steel. The steel user
has employed magnetic methods in
some of his handling problems, but
further economies can often be worked
out. Helping improve material han-
dling methods is just one of the Re-
search Services Division’s function.

Value Analysis, a method of deter-
mining the total cost of putting a
product on the market, is used by
Youngstown to help the customer re-
duce overall costs. For often most of
the cost of a finished product is con-
tained, not in the raw material, but in
the many processes along the line.

Youngstown Steel's Research Ser-
vices Division is dedicated to establish-
ing a cooperative effort with the cus-
tomer to maintain a complete ex-
change of all information helpful in
building product quality and efficiency.
Its benefits include assistance from
Youngstown’s Operating and Sales De-
partments as well.

This article gives a glimpse of what’s
happening in steel research at Youngs-
town. It’s just a part of the continuing
research effort going on 24 hours a
day at Youngstown’s research center.

Since the customer’s need inspires
virtually all of our research, all of our
knowledge is available to serve him.

Call if you believe our research staff
can help you, or write Dept. 251D6.
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WANTED:
P =V (P9)

Systems Thinkers

for Planetary
Exploration

Bellcomm has immediate
openings for highly imaginative,
hardheaded systems thinkers
who can plan what will be
needed for Manned Space
Flight missions to other planets
in the years ahead and can be-
gin fulfilling those needs today.

Scientists and engineers at
Bellcomm not only must deter-
mine what new rockets, propul-
sion systemsand other hardware
and software are needed for
the future but what new knowl-
edge must be learned to accom-
plish this.

Bellcomm, systems engineer-
ing contractor of the National
Aeronautics and Space Ad-
ministration, needs qualified
men in fields ranging from
physics to guidance equations,
computer science to systems
analysis—men with the vision to
think years ahead, innovating
newer technology for America's
long-range program of space
exploration.

If you are a creative thinker,
not frozen to today's ideas, you
may want to work with Bellcomm
on advanced systems. Send your
résumé in confidence to Mr. N.
W. Smusyn, Personnel Director,
Bellcomm, Inc., Room 1417-M,
1100 17th St., N.W., Washington,
D.C. 20036. Bellcomm isan equal
opportunity employer.

L

£

Bellcomm, Inc.
A Bell System Company

%, >
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SUCCESSOR POPULATION of Great Lakes fishes when the lakes reach old age will
probably include species that inhabit the lakes’ shallow waters today. Among these are the
yellow perch (a), the kind of sunfish known as rock bass (b) and the largemouth bass (c).

grossly polluted water of the Detroit
River, into which 1.6 billion gallons of
waste are discharged daily from the
cities and industries along the river-
banks. To this pollution an enormous
amount is added by the great urban and
industrial complex around the lake itself.
A recent study of the Detroit River by
the U.S. Public Health Service showed
that its waters contain large quanti-
ties of sewage bacteria, phenols, iron,
oil, ammonia, chlorides, nitrogen com-
pounds, phosphates and suspended
solids. Similar waste materials are dis-
charged into the lake by the steel,
chemical, refining and manufacturing
plants along the lake. Pollution is par-
ticularly serious in Lake Erie because
of the lake’s shallowness; its volume of
water is too small to dilute the pol-
lutants effectively. Over the past 50
years the concentrations of major con-
taminants in the Lake Erie waters have
increased sharply.
fany of the industrial wastes, notably
phenols and ammonia, act as poisons to
the fish and other animal life in the lake.
Solid material settles to the bottom and
smothers bottom-dwelling organisms.
Moreover, some of the solids decom-
pose and in doing so deplete the water
of one of its most vital constituents: dis-
solved oxygen. Algae, on the other hand,
thrive in the polluted waters, particular-
ly since the sewage wastes contain con-
siderable amounts of the plant-fertiliz-
ing elements nitrogen and phosphorus.
The algae contribute to the depletion of
oxygen (when they die and decay), give
the lake water disagreeable tastes and
odors and frustrate the attempts of wa-
ter-purifying plants to filter the water.
In addition to Lake Erie, the southern
end of Lake Michigan has also become
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seriously polluted. Interestingly the city
of Chicago, the dominant metropolis of
this area, apparently does not contrib-
ute substantially to the lake pollution;
it discharges its sewage into the Mis-
sissippi River system instead of the
lake. The main discharge into Lake
Michigan comes from the large indus-
trial concentration—steel mills, refiner-
ies and other establishments—clustered
along its southern shores. The Public
Health Service has found that the lake
water in this area contains high concen-
trations of inorganic nitrogen, phos-
phate, phenols and ammonia.

Apart from the southern end, most of
the water of Lake Michigan is still of
reasonably good quality. In Lake On-
tario, although it receives a considerable
discharge of wastes, the situation is not
yet as serious as in Lake Erie because
Ontario’s much larger volume of water
provides a higher dilution factor. Lake
Huron, bordered by a comparatively
small population, so far shows only
minor pollution effects, and Lake Su-
perior almost none. Nevertheless, the
growth of the entire region and the
spreading pollution of the lakes and
their tributary waters make the long-
range outlook disquieting. Already the
quality of the waters over a considerable
portion of the lake system has greatly
deteriorated, and many bathing beaches
must be closed periodically because of
pollution.

t is clear that in less than 150 years

man has brought about changes in
the Great Lakes that probably would
have taken many centuries under natu-
ral conditions. These changes, shorten-
ing the usable life of the lakes, seem to
be accmnulating at an ever increasing



The molecular “code” that controls
life has been put into plain English

About THE LANGUAGE OF LIFE — a new book
by Nobel Prize-winning geneticist, George Beadle,
and his wife Muriel — “probably the most
understandable introduction to the science of
genetics that has ever been written.”’—Chicago Tribune

“The essential process by which the like-
ness of the parent is transmitted to the
offspring . . . is as utterly mysterious to us
as a flash of lightning is to a savage.”

This was the opinion, in 1902, of Wil-
liam Bateson, the English biologist who
coined the word “genetics.” For many
years afterwards, there was no reason for
any scientist to disagree with him.

The events of the past decade are anal-
agous to the discovery of a genetic Rosetta
Stone. Science can now actually translate
at least some of the messages written in the
language of life — a language whose words
are buried deep in the cells of our bodies.
But until now, the astonishing break-
throughs made so recently have left most
of us more mystified than Bateson’s “sav-
age,” lost in a sea of strange initials like
DNA and RNA.

The creators of the “New Genetics”

George Beadle, Nobel Laureate and
President of the University of Chicago, is
one of the scientists whose work has cre-
ated modern genetics. Together with his
wife Muriel, he has written a book that is
both an introduction to the unprecedented
expansion of genetic knowledge and an
exciting pageant of people and ideas.

There is no question that a basic under-
standing of genetics is important. Genetics
affects each of us every day of our lives.
It affects our children and their children.
Accumulating genetic defects pose one- of
the world’s most urgent problems. The
future of genetics — perhaps including
human genetic selection — is perhaps the
single most important issue facing man-
kind today.

THE LANGUAGE OF LIFE describes the
momentous achievements that have rele-
gated the fruit flies and garden peas of
pre-1955 biology classes into the realm of
ancient history. You will meet the Swiss
biochemist Friedrich Miescher, who tried
to break down protein when that substance
was thought to contain the key to heredity,
and was left with a residue of unexplained
white powder. For decades, this powder —
nucleic acid — lay on the chemists’shelves

until, finally, the pioneering investigations
of men such as Albrecht Kossel, Robert
Feulgen, and Albert D. Hershey proved
that it contained the master molecules
of life.

You will also meet James Dewey Wat-
son,; not yet 25 when, in 1950, with the
British chemist Francis Crick, he evolved
the most important genetic theory since
Mendel’s — one that explained how DNA
makes copies of itself, how genetic direc-
tions are written, translated into orders,
and modified by mutation. For the first
time, scientists could discuss the structure
and behavior of living things in the com-
mon language of molecular structure.

Geneticists become cryptographers

You will read too about how proof of
this theory rapidly came from
many quarters. Finally, in
1956, Arthur Kornberg suc-
ceeded in synthesizing DNA,
giving rise to sensational news
stories about “life in a test-
tube,” and turning scientists
into code-breakers. An exam-
ple of just how talented gen-
eticists have had to become as
cryptographers came when
Beadle won the Nobel Prize.
He was sent a telegram by
virologist Max Delbruck which
consisted of an unbroken line
of 123 letters — A, B, C, and D only. De-
ciphered, it read: “Break this code or give
back the Nobel Prize.”

Critical acclaim for
THE LANGUAGE OF LIFE

Reading THE LANGUAGE OF LIFE re-
quires no code-breaking talents. Acclaim
has come from both general publications
and from scientific journals. The Chicago
Tribune says*‘‘the Beadles have surmounted
the scholarly language barrier that has
been the downfall of other authors. Each
scientific word and concept has been
pounded into everyday language.”

The New York Times Book Review adds
that “the pitfalls which the authors had to
avoid, and have avoided, was that science
simplified may be science falsified . . . the
experiment is successful,”
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Archie Licberman

Dr. Albert Szent- Gyorgl himself a
Nobel Laureate, reviewing the book in
Perspectives in Biology and Medicine con-
fessed that before reading THE LANGUAGE
oF LIFE he “doubted that genetics could
be explained clearly and satisfactorily to
laymen who are not soaked with the idea
of molecules.” But, he goes on, “the au-
thors of this book succeed wonderfully . . .
Anybody who wants an insight into this
chapter of human history . . . and wants
also to have a good time, is urgently ad-
vised to buy it.’

Indexed,and illustrated with more
than 100 diagrams and drawings,
THE LANGUAGE OF LIFE is a book
for every reader of Scientific Ameri-
can. You may examine a copy for
two weeks without obligation. If you
don’t agree that it is a lucid intro-
duction to the modern science of
genetics, and is therefore as much
a “breakthrough” as the one it de-
scribes, you may return it and owe
nothing.

To your bookseller, or
DOUBLEDAY & COMPANY, INC.
Dept. 6-SI-11, Garden City, N. Y. 11531

Please send me ......... copies of THE l
LaNGUAGE oF LIFE. I understand that 1
may return the book(s) within two weeks I
and owe nothing. Otherwise, you will bill I
me just $5.95 per copy plus shipping
charges as payment in full. I

CITY......... STATE. . ..... ZIP CODE.

Send payment now and we pay I
SAVE postage. Same return privilege |_
guaranteed. I

!
|
|
|
I
|
|
|
I NAME.
|
I
I
|
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You'll discover

1 k¢

IN BALTIMORE GOUNTY, MD,

IT is Industrial Tempo . . . and
it is a combination of all the fac-
tors that make Baltimore County
the ideal location for your new
plant, especially if you are en-
gaged in research and develop-
ment work,

Baltimore County is located in
one of the world’s great concen-
trations of science-research-en-
gineering activity. Here,in close
proximity, there are many lead-
ing companies, splendid colleges
and universities, an ample sup-
ply of skilled labor, a truly favor-
able industrial climate . . . all
these and much more!

SELECTING A PLANT SITE?
WRITE OR CALL:

H. B. STAAB, Director
BALTIMORE COUNTY
Industrial Development Commission
Jefferson Building, Towson, Md. 21204

Phone: 823-3000 (Area Code 301)
e ==l s il LSS e
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Dept. S.

| rate. We still know far too little about
the complicated processes that are un-
| der way or about what measures are
necessary to conserve this great conti-
nental resource. Obviously the problem
‘ calls for much more study and for action
| that will not be too little and too late.
No doubt the Great Lakes will be there
for a long time to come; they are not
I likely to dry up in the foreseeable fu-
ture. But it will be tragic irony if one

day we have to look out over their vast
waters and reflect bitterly, with the
Ancient Mariner, that there is not a drop
to drink. To realize that this is not an
unthinkable eventuality we need only
remind ourselves of the water crisis in
New York City, where water last year
had to be drastically rationed while
billions of gallons in the grossly pol-
luted Hudson River flowed uselessly by
the city.

—————RETREATING GLACIER——

YOUNG LAKES drained southward, via the Mississippi to the west and the Mohawk and
Hudson to the east, during the last glacial retreat of the Pleistocene some 10,000 years ago.

A

© 1966 SCIENTIFIC AMERICAN, INC

MATURING LAKES altered the southward drainage pattern and began to channel their
waters eastward into the prehistoric St. Lawrence Sea as the glacial retreat continued.



“All the engineers and professional men
who are Gran Turismo buffs seem to wind up
Owning d POI’SChe." CAR & DRIVER reporting on the Porsche 911

“It’s kind of a club, an in-group of people who think they're
special because they've had the good taste to buy something special.
They pass on legends like the days when each Porsche mechanic
stamped his personal mark on each engine he built and was forever
thereafter responsible for it.

“Of course, the car itself has something to do with its own
success . . . the overhead-cam, air-cooled flat 6-cylinder engine, the
5-speed all-synchro transmission, and the 4-wheel disc brakes are
irresistible to anybody who ever felt a flicker of desire for any
Porsche in the past.”

Three versions for gran turismo connoisseurs: Porsche 912 with 4-cylinder, 102-hp engine, about $4790. Porsche 911 iG]
with new 6-cylinder, 148-hp engine, 4- or 5-speed gearbox, about $5990. Porsche 911S with 5-speed gearbox and
Carrera 6-inspired 180-hp engine, about $6990. All prices East Coast POE. For name of dealer, brochure or overseas
delivery data, write Porsche of America Corporation, 107 Tryon Avenue West, Teaneck, New Jersey 07666, Dept. 1111,

© 1966 SCIENTIFIC AMERICAN, INC




THE NEED [yt oimmiee
THE MATERIALS

Heat-stable resins, rubbers and compounds that flow gently around
delicate, miniaturized electronic components—then cure to a protective
cushion; high purity silicon innovations that answer the challenges
of space-age solid state electronics. Important materials breakthroughs
to implement a new basic science.

THE SUPPLIER .......

where new materials have a high birthrate. Get Materials News,
our bimonthly preview of materials progress. Write on your company
letterhead to: Dept. 9711, Dow Corning, Midland, Michigan 48640.

DOW CORNING
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Particle Storage Rings

A new method of achieving particle interactions exploits the fact

that the head-on collision of two moving objects releases greater

energy than if one of the moving objects hits a stationary target

uring the past 18 months a new
D method of carrying out experi-
ments in high-energy physics
has achieved its first successes. The
method was a subject of interest and

controversy in the years after it was
first put forward, and even now the

by Gerard K. O'Neill

prospects for its future development are
bright in general but uncertain in detail.
It consists of inducing subatomic parti-
cles to collide with each other head on,
in contrast to conventional high-energy
experiments in which accelerated par-
ticles collide with particles that are at

rest. Since it is very difficult to arrange
for particles in two beams to collide, the
rewards must be high enough to justify
the effort. The rewards are in terms of
energy.

When two objects collide—two auto-
mobiles, two billiard balls, two protons

PRINCETON-STANFORD STORAGE RINGS contain circulating
beams of electrons that collide where the two rings join at the top
center of the picture. Spark chambers located next to this region
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record the tracks of charged particles created by the collisions. The
pipes in the foreground carry electrons injected into the rings from
a nearby linear accelerator of one billion electron volts (one GeV).
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BEFORE COLLISION

AFTER COLLISION

FIRST CAR

MOVING TO THE RIGHT

SECOND CAR

STANDING STILL

WRECKAGE

MOVING TO THE RIGHT HALF AS FAST

(STATIONARY-TARGET
CASE)

MOMENTUM +mv

KINETIC ENERGY 1/2 mv?

IMPACT ON STATIONARY TARGET resembles the situation in

a conventional particle accelerator. The automobiles each have

MOVING TO THE RIGHT

MOVING TO THE LEFT

0 1/2(2m)(v[2)%2 = 1/4 mv?

mass m and one is moving with velocity v. Only half of the original
energy of the moving car, 1/4 mv?, goes into crumpling metal.

STANDING STILL

(HEAD-ON COLLISION

——0>

CASE)
MOMENTUM +mv - mv 0
KINETIC ENERGY 1/2 mv? 1/2 mv? 0

COLLISION OF TWO MOVING OBJECTS represents the situa-

tion that can be achieved by using storage rings to produce elec-

tron-electron or proton-proton collisions. In this case the kinetic
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energy of both automobiles, two times 1/2 mv2, or mv=, goes into
crumpling metal. This is four times the “collision energy” made
available in the stationary-target case shown at the top of the page.

|
|
1

100 300 1,000 3,000

ACCELERATOR ENERGY (BILLION ELECTRON VOLTS)

AVAILABLE COLLISION ENERGY for stationary proton targets
is a decreasing fraction of accelerator energy as the energy of the
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impacting particle increases. Curve shows accelerators in opera-
tion (circles), under construction (triangle) or projected (squares).
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or any other two objects—the total en-
ergy present after the collision is the
same as the energy present before. Some
of the energy may have been converted
into heat, or in the case of particle col-
lisions some may have been turned into
mass according to Einstein’s relation
E =mc?, but the total remains un-
changed. The total momentum in the
system also remains constant.

At speeds much less than the speed
of light (the ¢ of I = mc*) the kinetic
energy of an object of mass m is 1/2
mv?, where v is the speed of the object.
Under the same conditions the momen-
tum of the object is simply muv. Keep-
ing in mind that the total energy and
the total momentum are unchanged in
any collision, one can follow where the
energy goes in either of two cases: a
collision between a moving object and
a stationary target and a head-on colli-
sion between moving objects [see top
and middle illustrations on opposite
pagel.

It is easy to see that if a moving ob-
ject, say an automobile, hits another
object of equal mass that is at rest, the
subsequent velocity of the wreckage
(assuming that it is in one piece) is just
half that of the object that was moving.
But how much energy has gone into the
crumpling of metal? The answer is the
difference between the initial kinetic
energy and the final kinetic energy, or
1/4 mv?, which is half the kinetic en-
ergy originally possessed by the moving
car. This is the true “collision energy.”
If we had been dealing with subatomic
particles rather than automobiles, this
would have been the energy available
for creating new particles according to
Einstein’s equation for converting en-
ergy into mass.

Suppose now two automobiles mov-
ing at equal speed collide head on,
leaving wreckage that is motionless.
Here all the kinetic energy originally
present (two times 1/2 muv®, or simply
mv?) would have gone into the crum-
pling of the metal. This is four times as
much energy as the energy that was
made available before.

4\11 collision experiments in high-energy
+ & physics before last year involved
stationary targets. That was not a seri-
ous disadvantage when particle speeds
were relatively low, but accelerators
built in the past few years can acceler-
ate their particles to speeds quite close
to the speed of light. At such speeds the
formulas of the special theory of rela-
tivity must be used, and they replace
our simple expressions for energy and
momentum by somewhat more compli-

cated ones. The relativistic formulas
show that for stationary targets the col-
lision energy is a smaller and smaller
fraction of the input energy as the speed
of the incident particle approaches the
speed of light. For the largest existing
accelerators the collision energy is only
a fifth of the input energy, and for the
largest accelerators now being planned
it is less than a tenth [see bottom illustra-
tion on opposite page].

It is customary to express the energies
of high-energy physics in units of bil-
lions of electron volts, a unit that used to
be abbreviated BeV but is now usually
designated GeV. The “G” stands for
“giga,” which is defined as 10Y, the
American billion, and thus cannot be
confused with the European billion,
which is 10’2, An energy of one GeV is
roughly equivalent to the mass of one
proton or of 2,000 electrons. A proton
with one GeV of kinetic energy is travel-
ing at about 90 percent of the speed of
light, and an electron with one GeV is
moving at so nearly the speed of light
that the difference is only one part in 10
million.

1t is clear from the low conversion of
input energy to collision energy in con-
ventional accelerators that there is good
reason to press for the development of
colliding-beam devices. To make the
idea practical one must first solve the
problem of achieving a reasonable rate
of interaction between particles in the
two beams. The number of interactions
per second in a given volume is propor-
tional to the number of target particles
in the volume and to the number of in-
cident particles per second. In a typical
experiment with a stationary target con-
sisting of liquid hydrogen, the product
(called the luminosity) of the two critical
quantities is about 1027, At this lumi-
nosity there would be one interaction
per second for each centimeter of target
thickness, assuming that in a collision
each particle acts as though it shadowed
an area of 10-*7 square centimeter.

If two ordinary accelerators were to
fire their particle beams at each other,
the luminosity would be only 108 a
figure that is a billion times smaller
than 1027, The way to gain the needed
factor of a billion is to greatly increase
the number of particles in each beam
and to give each particle many chances
to interact with those of the opposing
beam. Both goals can be attained by
collecting the particles from many ac-
celeration cycles and storing them in
some ringlike device where they can
circulate until they collide. The basic
idea now seems obvious, and it was ar-
rived at independently by a number of
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people in various places over a period of
more than a decade.

To my knowledge the first person to
suggest a practical way of making beams
collide was Rolf Wideroe, a Norwegian
physicist. In 1949 he applied for a Ger-
man patent on his idea, but in the words
of a recent letter from Wideroe, “the pat-
ent people regarded the interesting en-
ergetic point of colliding beams as obvi-
ous and quite unsuitable for obtaining a
patent, so I had to bring in some other
arguments for my idea.” These other
arguments were quite secondary and
need not concern us. Wideroe’s basic
proposal was to store particles of the
same electric charge traveling in oppo-
site directions on a single circular orbit.
To provide the bending force needed
to hold the particles in orbit he pro-
posed to use electrostatic fields. It hap-
pens that attainable electrostatic forces
are only about 1 percent as strong as
magnetic ones, and hence a proton-
proton storage ring based on Wideroe’s
concept would have to be of enormous
size to achieve even modest energy. I
first learned of his work after several
reinventions of the basic idea.

In the early 1950’ it occurred to
physicists at the Midwest University
Research Association (MURA) in Wis-
consin that a special type of synchro-
tron they had invented could be used
for both acceleration and particle stor-
age; they therefore proposed an accel-
erator in which beams of high intensity
could be made to collide. Unfortunately
the special types of machines required
for simultaneous acceleration and beam
storage would have been particularly
large and inflexible. Their cost would
have wiped out much of the economic
advantage of colliding beams, and part-
ly for that reason no such machine was
ever built.

Early in 1956 there occurred inde-
pendently what were in some respects
three simultaneous reinventions of Wid-
eroe’s idea. The new version was the
basis for theoretical and technical de-
velopment toward a practical device.
After considering the MURA proposal 1
thought of a way to combine the advan-
tages of beam storage with the com-
parative simplicity of conventional ac-
celerator design. Almost simultaneously
W. M. Brobeck of the University of
California at Berkeley and Don B.
Lichtenberg, Roger Newton and Marc
Ross of MURA had the same idea. The
concept was to build two synchrotron-
like guide fields near an ordinary accel-
erator. These extra guide fields, called
storage rings, would have a common
straight section—a region free of mag-
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netic fields and common to the two or-
bits. Each ring would be filled by the ac-
cumulation of many bursts of particles
that had been kicked out of the source
accelerator, guided through the interven-
ing space and kicked into the orbit of the
ring. The bending force was to be ap-
plied by magnetic fields, as is usual in
accelerators. The storage of high-energy
beams had been worked out in theory
and tested with electrons by physicists
at MURA. Some years later E. ]. Woods
and I showed that in principle the stor-
age ring solution to the colliding-beam
problem was capable of achieving the
same luminosity as the proposed MURA
accelerator-storage ring.

The development of the storage ring
idea into practical hardware depended
first on the invention of special fast-act-
ing magnets, which could exert strong
magnetic fields of well-controlled shape

BEMNDIN(

RING-INJECTION
| SELECTOR MAGNET.

ELECTRON BEAM

PLAN OF PRINCETON-STANFORD STORAGE RINGS shows
how colliding beams of electrons are built up and maintained. The
fast-switching magnets are needed to inject incoming bursts of
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within a ten-millionth of a second. In
1957 V. Korenman and I, working at
Princeton University, built a magnet of
that kind. Then it was necessary to turn
to the most advanced technology of
producing ultrahigh vacuums, so that
the stored beams could circulate with
low rates of particle loss.

""he first successful application of the

colliding-beam principle to high-
energy physics was achieved in 1965
with electrons. They were selected over
protons for the initial experiment for
two reasons. First, the electron’s mass
is only 1/1,836th of the mass of the pro-
ton; therefore an electron can be accel-
erated to a given fraction of the velocity
of light with only 1/1,836th as much
energy as is needed to accelerate a pro-
ton. Second, an electron circulating in
a magnetic field radiates energy in the

TELEVISION

form of visible light and soft X rays. The
energy lost in this way provides a fric-
tional damping that greatly simplifies
the process of injecting electrons into
the storage ring. With protons a useful
energy loss of that kind would occur
only at many thousands of GeV.

Late in 1956 1 began to design an
experiment that would involve colliding
electron beams in storage rings. I chose
as a goal the collision of one electron
with another at an energy of .5 GeV for
each electron. The apparatus required
would be of moderate size, but the radi-
ation damping would be strong at that
energy. To perform the same experi-
ment with a conventional electron beam
and a stationary electron target would
require an electron accelerator of 1,000
GeV, or 1,000 times more energy than
that of any machine then in operation.

After about a year of initial design

BENDING MAGNET

FAST o
SWITCHING [
MAGNET
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electrons into the guide field of each ring. Radio-frequency power
is supplied to replace the energy that is radiated by the circu-
lating electrons. Each circulating beam has an energy of .56 GeV.



work at Princeton I enlisted the support
of Wolfgang K. H. Panofsky of Stanford
University. Within the next year a part-
nership of physicists at Princeton and
Stanford was formed. Another year of
detailed design passed, Government
support was obtained from the Office of
Naval Research and the Atomic Energy
Commission, and in 1959 construction
was begun on a pair of storage rings
to be located at the Stanford one-GeV
linear electron accelerator [see illustra-
tion on opposite page]. I chose the lin-
ear accelerator for the work because it
would automatically solve part of the
transfer problem—the extraction of an
intense electron beam in a short burst.
In a circular accelerator it is quite diffi-
cult to bring out a good external beam.
In a linear accelerator the beam comes
out whether you want it to or not. The
Stanford members of the partnership
were W. C. Barber and B. Richter; the
Princeton members were B. Gittelman
and I. We collaborated closely in solving
one by one the various problems that
came up in the course of making the new
technique work.

Electrons at full energy in the .5-GeV
storage rings radiate about a hundred-
thousandth of their energy on each turn.
The energy is continuously replaced by
radio-frequency power fed in from out-
side, a process that is essential for par-
ticle storage in that particular ring, Our
first unpleasant surprise was that the
X rays from the circulating electrons
raised the gas pressure in the evacuated
ring to a level that prevented useful op-
cration. The effect was finally explained
by E. Garwin of Stanford University as a
two-step process in which the X rays
liberated electrons from the walls of the
vacuum chamber and the electrons in
turn released gas atoms that had been
adsorbed on the chamber walls. M. Ber-
nardini of the Italian National Labora-
tory at Frascati and L. Malter of Varian
Associates subsequently worked out the
consequences of Garwin’s suggestion in
a quantitative way. The solution to the
problem was to increase the number of
vacuum pumps connected to the storage
ring.

Our second unpleasant surprise was
of a more subtle nature. In any synchro-
tron or storage ring the circulating par-
ticles are held in their circular orbit by
magnetic focusing forces, and when
they are disturbed from that orbit, they
go through oscillations around it. Their
motion is much like that of a ball rolling
around a bowl [see top illustration on
this page]. In the case of a particle in a
magnetic field there are horizontal and
vertical oscillations, each of different fre-

ANALOGUE OF CIRCULATING PARTICLE is provided by a ball traveling inside a howl.
Unless the ball is started in just the right direction it will oscillate up and down as it travels.
An electron in a guide field, to which radio-frequency power is applied, acts like a ball in
a bowl with some friction, being given a forward kick each time it completes one orbit.

quency, and neither of them can be al-
lowed to be a simple multiple of the
circulation frecquency. If there is such a
resonant relation, unavoidable slight im-
perfections of the guide field will cause
one of the oscillations to grow until the
particles strike the wall of the vacuum
chamber and are lost. In designing the
5-GeV experiment I anticipated that
when the two beams passed through
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each other, their oscillation frequencies
would be driven into a resonance. For
this reason I included in the design a
magnet to produce a slight zigzag in
the particle orbits, so that the electro-
static force of one beam on the particles
of the other would tend to average to
zero [see illustration below].

Until 1962, when we began storing
circulating electron currents of a few

OUTLINE OF FIRST BEAM

A

OUTLINE OF FIRST BEAM

FFORCES ACTING ON CROSSING BEAMS must be considered when designing storage
rings. If beams of particles of like charge, such as electrons or protons, are allowed to meet
head on (top), the electrostatic force at each instant will add to give a net upward kick to a
particle traveling from 4 to C. The solution is to have the beams intersect at a small angle

(bottom). In this case a particle receives an

upward kick in going from 4 to B and a

compensating downward kick in going from B to C, so that the net effect is nearly zero.
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CONCENTRIC DESIGN of storage ring en-
ables particles circulating in opposite direc-
tion to cross paths several times in each
revolution. This is achieved by designing
orbits in which sections of short radius al-
ternate with sections of longer radius. Ex-
periments can be done at each intersection.

milliamperes in the .5-GeV rings, we
had been unable to think of any other
beam instability that might cause dif-
ficulty. We were rudely reminded that
nature is an ingenious troublemaker.
We found that when we stored currents
of a few milliamperes in a single beam,
guided by a well-shaped magnetic field
free of residual ions, the beam neverthe-
less developed vertical oscillations that
grew until after about a million turns,
requiring less than a second, the beam
was entirely lost. At about the same
time a similar effect was observed in
a proton accelerator at the Brookha-
ven National Laboratory. After several
months in which many new theories
were advanced and discarded, D. De-
Packh of the Naval Research Labora-
tory found a clue to the effect in work
done by John R. Pierce at the Bell Tele-
phone Laboratories in 1951. Pierce’s
work had to do with an exotic type of
microwave-amplifying electron tube.
DePackh was able to show that our
puzzling instability was caused by the
“wake” of electromagnetic charges and
currents left on the walls of the vacuum
chamber after the beam went by. It had
escaped notice before because it re-
quired that the walls be conductors, but
not very good conductors, and theories
up to that time had neglected that sub-
tlety. We found that the electrostatic
forces due to residual ions were enough
to kill the oscillations, and so we con-
cluded that the oscillations could grow
only in a guide field of unusually high
quality, in which the oscillation fre-
quency was independent of the oscilla-
tion amplitude. At the suggestion of D.
Ritson of Stanford we added magnets
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to distort the shape of the field and were
then able to operate even when the ions
were cleared away.

When beams were stored in both
rings, we found that one beam occa-
sionally knocked out the other. That
effect too was not predicted, and it is
still not completely understood. Sev-
eral of the ideas that have helped to
provide an intuitive understanding of
the more complicated instabilities were
expressed at a small conference held in
March, 1965, at the Russian “Science
City” near Novosibirsk, where G. Bud-
ker and his colleagues were our hosts.
The ideas were developed in more de-
tail during a summer study held at Stan-
ford later that year. Ernest D. Courant
of Brookhaven and A. M. Sessler of the
University of California at Berkeley have
been particularly active in clarifying the
nature of the various instabilities.

Fortunately it has turned out that
operating conditions could be found at
which none of the instabilities were
serious, and by early 1965 we were able
to achieve a luminosity exceeding our
minimum goal of 10%7. The apparatus
for detecting collision events consisted
of spark chambers and counters [see il-
lustration on page 114]. With these
detectors we photographed about 400
electron-electron collisions at an energy
of .3 GeV for each electron. Recently
we made a number of improvements
in the apparatus and now are able to
operate at an energy of .56 GeV for
each particle, somewhat higher than
the original design energy. We have
collected data that provide a particu-
larly clean test of quantum electrody-
namics, the theory for which the 1965
Nobel prize in physics was awarded.

In the years during which we were

slowly working up to the intense cir-
culating beams needed for high-energy
experiments, another research group
contributed much to the understanding
of storage rings and achieved some spe-
cific goals sooner than we did. This
group, consisting of Italian physicists
based at the University of Rome and a
few miles away at the National Labora-
tory in Frascati, decided early in 1960
to make a small storage ring for both
negative and positive electrons (posi-
trons) of .25 GeV. They called their ma-
chine “Ada” for annelli d’accumulazione
(accumulation rings). Because of its low-
er energy and because electrons and
positrons can circulate in opposite di-
rections in the same magnetic guide
field, Ada was only about a quarter the
size of our apparatus. Its small size and
simplicity permitted its being brought
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into operation rapidly. There was no in-
tention of using it for a real experiment
in high-energy physics; rather it was for
the study of storage rings themselves.
The Ada injection system was quite sim-
ple but not capable of building up a
large stored beam. Nearly all the mea-
surements with Ada were based on elec-
tron currents of one or two milliamperes,
as compared with the 50 milliamperes
we have obtained in the electron-elec-
tron rings at Stanford.

By late 1961 Ada was equipped with
an ultrahigh-vacuum chamber, and in it
stored electrons were made to circulate
for several hours. In 1962 the entire
ring, siill at high vacuum, was trans-
ported by truck to the French one-GeV
linear accelerator at Orsay, near Paris.
There, where a more intense beam was
available for injection, it was found that
the lifetime of the circulating particles
decreased when many of them were
stored at once. The new effect was ex-
plained by Bruno Touschek of the Ada
research group, who showed that when
the electron density became high, the
electrons elbowed each other out of the
storage ring by an indirect effect of
their electrostatic repulsion. Fortunately
the “Touschek effect” is important only
for electron storage rings at low energy
and is not serious above .3 GeV. At the
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STORAGE RINGS AT CERN (the Euro-
pean Organization for Nuclear Research),
will circulate protons accelerated by the



end of 1963 the Ada group recorded the
first definite colliding-beam reactions.
The process they observed had a high
probability of occurrence but could not
provide information of importance for
high-energy physics; it simply showed
that a collision of electrons had taken
place. Later Ada was used for the sys-
tematic study of beam size, and in 1965
it was retired. In contrast, our more am-
bitious electron-electron storage ring,
begun several years earlier than Ada, did
not demonstrate colliding-beam reactions
until January, 1964, and did not yield
high-energy data until 1965. Later that
year an electron-electron storage ring at
Novosibirsk began producing data at .04
GeV.

The range of experiments that can be
done is much greater for electron-posi-
tron rings than for electron-electron
rings, and today we Dbelieve our in-
creased understanding of storage rings
is suflicient to outweigh the fact that
the rate at which one can inject posi-
trons into rings is about 1,000 times
smaller than the electron-injection rate.
Accordingly a number of electron-posi-
tron rings are now being designed or
built. These include new rings at Orsay,
Stanford and Novosibirsk in which the
energy per beam will range from .45
GeV to 4 GeV. A ring with 1.5-GeV

IN

existing 28-GeV synchrotron located on Swiss territory. The 1,000-
foot-diameter storage rings, of concentric design, will be across the
border in France. This plan view shows how protons can either be

beams is well along at Frascati [see il-
lustration on page 116]. A ring with 3-
GeV beams has been partly authorized
for Stanford and a 4-GeV ring will be
built at Cambridge, Mass., by modify-
ing the joint Harvard and Massachu-
setts Institute of Technology electron
synchrotron. At Novosibirsk a ring with
.38-GeV beams has just begun operat-
ing, and another to circulate beams of 4
GeV is under construction.

The principal reaction for rings stor-
ing electrons (¢~) and positrons (e*)
will be the production of particle-anti-
particle pairs, according to the reaction
et +e¢~—>A+ A A can be any par-
ticle and A its antiparticle, as long as
the energy of the beam particle exceeds
the rest energy of A. Nearly all particles
that have a lifetime longer than about
102 second have rest energies less
than 1.3 GeV, and so do many shorter-
lived particles. The new 1.5-GeV stor-
age ring facility at Frascati, called
“Adone” (for “big Ada”), will therefore
be able to open up many new reactions
for study. The Adone ring will have
four straight sections at which experi-
ments can be simultaneously set up, and
of these straight sections two can be in
use at one time. The electron-positron
storage ring at Orsay has begun to op-
erate but has not yet stored large posi-

TERSECTING STORAGE RINGS
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tron currents. The ring at Novosibirsk
has just begun to produce high-energy
physics data.

In 1956, at the beginning of the pres-

ent interest in colliding-beam de-
vices, the primary goal was proton-
proton storage rings. In the intervening
decade it was recognized that the ini-
tial goal was much harder to reach than
that of building electron-electron stor-
age rings. It was known that useful pro-
ton-proton rings cannot be built in small
sizes, but there turned out to be other
technical hurdles as well.

Protons, which do not radiate as elec-
trons do, have the peculiar property of
“remembering” everything that is done
to them from the beginning of the ac-
celeration process. In particular if they
once begin to oscillate they continue in
oscillation. In my first proposal for a
proton storage ring I suggested the ex-
ploration of systems that would de-
liberately induce energy losses in the
hope of reducing unwanted oscillations.
Studies with a computer subsequently
showed no conditions of energy loss that
would achieve the desired result. Late
in 1956 K. R. Symon and Sessler, then at
MURA, were able to prove that no sys-
tem based on energy loss could substi-
tute for the electron’s radiation. Only

|

switched into the rings or sent to the “switchyard” outside the 28-
GeV hall, where they can be directed into a variety of stationary
targets. CERN intersecting rings should be in operation by 1971.
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after the development of fast-switching
magnets (which could transfer proton
beams without loss) and after more theo-
retical work was it clear that large
currents of stored protons could be
achieved.

By 1958, when the construction of
large proton storage rings finally seemed
feasible, it made sense to ask how col-
liding beams of protons might be used.
Two new developments helped greatly.
One was the invention by T. Collins,
a member of the electron-accelerator
group at the University of Cambridge,
of a way to increase substantially the
length of the field-free straight sections
in which experiments could be per-
formed. The second was a new geome-

COSMIC RAY
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Y MAGNET OF
STORAGE RINGS

try for the path of the circulating pro-
tons that made it possible to carry out
several experiments simultaneously [see
top illustration on page 112]. In the
new geometry the proton beam followed
a path in which curvatures of large and
small radii alternated, so that beams
traveling in opposite directions would
cross each other several times. The
new “concentric” design was discussed
at a conference in Geneva in 1959,
about the same time that Collins” ideas
for long straight sections were put for-
ward. Enthusiasm for storage rings was
increased by the successful development
of spark chambers for recording the
paths of charged particles involved in
nuclear events [see “The Spark Cham-

ber,” by Gerard K. O’Neill; ScienTiFic
AMERICAN, August, 1962]. Although
spark chambers have proved useful for
many kinds of high-energy experiments,
they seem made to order for storage
rings, which enhance their advantages
and tolerate their limitations.

fter 1960, when the technical situa-
4 X tion became fairly clear, there were
several attempts to initiate construction
projects for proton rings. Of these the
most consistent, well-organized and sys-
tematic was carried out at CERN in
Geneva. That laboratory, operated as a
joint venture by more than a dozen Eu-
ropean nations, is a leading example of
successful international cooperation in

.
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SPARK CHAMBERS of the Princeton-Stanford electron storage
ring are installed at an angle that maximizes the number of par-
ticle tracks it can record. A spark chamber is triggered to fire only
when a particle meeting certain requirements passes through a sys-
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tem of counters (5, 6,7, 8, 9, 10). The particle track is then photo-
graphed. If the particle passing through the spark chamber happens
to be one produced by a cosmic ray, it will trigger other counters
(1, 2, 3, 4) that have a veto over the triggering of the chamber.
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science. One of its significant achieve-
ments was the Completion in 1959, sev-
eral months ahead of schedule, of a
28-GeV proton synchrotron. Many of
the same physicists and engineers who
worked on that project joined a group
now headed by Kjell Johnsen that ini-
tiated a theoretical study of storage
rings. In 1962 they adopted a concen-
tric design and conducted a study pro-
gram on the design of experiments. In
1965 the CERN nations gave their fi-
nal approval to the construction of the
CERN intersecting storage rings (I.S.R.).
After a year of detailed design the con-
struction of the rings was begun, and
their completion is expected about 1971.

The operating characteristics of the
CERN rings are impressive and for a
long time will be unique. Twenty am-
peres of protons will circulate in each
ring, and the total energy available in
each collision will be 56 GeV. The $85-
million cost of the project, although
large, is less than the cost of the last
major accelerator project authorized:
the two-mile Stanford linear accelerator.
It is only a small fraction of the $350-
million cost of the projected American
200-GeV proton synchrotron. Conven-
tional synchrotrons are unlikely to equal
the energy of the CERN LS.R. for many
years, since to do so they would need to
have 1,700 GeV. The CERN 28-GeV
synchrotron that will supply protons
for the new storage ring is in Switzer-
land, but the ring itself will be just
across the border in France [see illustra-
tion at bottom of pages 112 and 113].

Very recently an ingenious and daring
design for a proton-antiproton storage
ring was described by Budker, who is
director of the Nuclear Physics Institute
at Novosibirsk. The ring is already under
construction and will use several techni-
cal tricks that have been developed at
Novosibirsk. It will also use a technique
for the damping of antiproton oscilla-
tions that several of us at Princeton con-
sidered in 1956 but rejected as too ad-
vanced and complicated to be practica-
ble at that time.

In the U.S. the practical, as opposed

to the theoretical, development of
proton storage rings has been less hap-
py. Early in 1963 a subcommittee of
the President’s Science Advisory Com-
mittee recommended that storage rings
be built at the 31-GeV Brookhaven al-
ternating-gradient synchrotron, which is
nearly a twin of the CERN synchrotron.
Later that year the directorate of the
Brookhaven laboratory conducted a two-
month study of storage rings, but the

high-energy physicists then most active
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at Brookhaven did not approve the ini-
tiation of a construction proposal. Their
reasons were, first, that the range of
experiments accessible to a storage ring
would be narrower than that for a con-
ventional synchrotron; second, that they
could see more direct and understand-
able benefits if a comparable amount
of money were spent on improvements
to the existing synchrotron, and third,
that if a storage ring were built at
Brookhaven the consequences might
well be to dim Brookhaven’s chances of
winning the controversial site-selection
contest for a 200-GeV synchrotron.
There is no active study for a proton-
proton ring in the U.S. now, even
though such a line of development is
the only foreseeable alternative to a
continued indefinite escalation of con-
ventional accelerator sizes and costs.
Once the present generation of stor-
age rings is operating it seems to me
that one direction of development will
inevitably be toward the storage of un-
stable particles, and probably toward

INJECTION BEAMS

ELECTRON-POSITRON STORAGE RING “Adone” is scheduled
for completion next year at the Italian National Laboratory near
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strong fields to achieve orbits of small
radius. Existing high-energy physics ex-
periments involving particle-particle col-
lisions have nearly all been done with
mesons or with stable particles striking
targets that were also of necessity stable
(nucleons or electrons). A wide range of
novel experiments will be opened up if
electrons, protons or deuterons (nuclei
of deuterium, or heavy hydrogen) are
stored in one ring and muons, pions or
K mesons are stored in another. At ordi-
nary magnetic fields a muon in a storage
ring would live for about 400 turns, a
pion for three turns and a K meson for
half a turn. The CERN storage ring may
be used for muon-proton collisions. Ul-
timately it seems likely that storage rings
can be built using strong magnetic fields
in which intense, concentrated single
proton beams can be stored. These can
then serve as targets for short-lived par-
ticles, which can be beamed in directly
or circulated in another strong-field
ring of small radius.

With the large American electron-
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positron storage ring projects several
years away, and no proton-proton col-
liding-beam project even under discus-
sion in this country, it is fortunate that
both at Frascati and at CERN there is
an attitude of hospitality toward Ameri-
can participation in colliding-beam ex-
periments. That attitude is particularly
laudable when one recalls that these
are strictly European projects, to which
the U.S. is contributing no money.

For someone like myself, who wants
to continue to do colliding-beam experi-
ments, the prospects for the next five or
10 years seem to imply a lot of com-
muting. The storage ring projects now
near completion at Frascati and CERN
will open the door to an almost un-
known world of ultrahigh energy. As
one of my Princeton colleagues re-
marked some years ago, “the principal
research tool of the high-energy physi-
cist is the Boeing 707.” As long as one
can buy a million transatlantic plane
fares for the price of one 200-GeV
synchrotron I expect he will be right.

Rome. The energy of particles in each beam will be 1.5 GeV. The
ring has four straight sections (E) for conducting experiments.
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ACETABULARIA: A USEFUL GIANT CELL

This marine alga grows to a length of an mch but has only one

cell and one nucleus. It 1s therefore almost 1deal for studying

the relations between the nucleus and other parts of the cell

ne of the outstanding problems
()of biology is the clarification of

the subtle relations between the
nucleus of the living cell and its sur-
rounding cytoplasm. If a biologist could
design an ideal cell for the purpose of
looking into this problem, he would
probably specify properties remarkably
like those of Acetabularia, a tropical sea-
weed that is sometimes called the mer-
maid’s wineglass because of its graceful
shape. Acetabularia, which is classified
among the green algae, is a single-celled
organism that grows more or less ver-
tically to a length of several centimeters.
Its nucleus is invariably located at the
bottom. Hence the experimenter can
easily separate nucleus and cytoplasm
to see how they fare independently and
what happens when they are put back
together in various ways.

Experiments with Acetabularia have
already yielded considerable informa-
tion about relations between the nu-
cleus and the cytoplasm. The work has
been done mostly in the laboratories of
Joachim Hdmmerling at the Max Planck
Institute for Marine Biology in Wil-
helmshaven and of Jean Brachet at the
Free University of Brussels. Recently
the organism has attracted interest in a
number of laboratories in the U.S. With
the advances that are occurring in the
techniques of cell biology, the experi-
ments now under way with Acetabularia
promise further disclosures about the
roles played by the components of the
cell in the cell’s activity.

rl“he group of plants in which Acetabu-
T laria is classified, along with the
other green algae, is the order Sipho-
nales. Members of the order are distin-
guishable by a kind of growth called
“coenocytic,” a term derived from two
Greek words translated roughly as
“common-celled.” The body of such a
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by Aharon Gibor

plant is made up of an elongated and
branched filament. No cross walls sepa-
rate the filament into individual cells;
the cytoplasm is thus continuous
throughout the plant. Most plants of the
order contain many nuclei and the
smaller cell bodies called plastids and

mitochondria. The family Dasyclada-
ceae, to which Acetabularia belongs, is
further characterized by the develop-
ment of specialized branches that at
their apexes become the reproductive
organs of the plant.

Himmerling, studying the life history

VIEWS OF ACETABULARIA at increasing enlargements begin (a) with a representation
of A. mediterranea in its natural habitat. The cap (b) consists of rays that at maturity de-
velop cysts as shown in one ray at right. The rhizoid (c) attaches the organism to a rock
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of Acetabularia, discovered that the or-
ganism differs from other plants of the
order Siphonales in a most important
feature. In Acetabularia the nucleus
does not divide during the period in
which the cell grows. In other words,
the cell contains a single nucleus during
the entire period of growth.

Another feature of the plant is that
the end containing the nucleus develops
a special structure called the rhizoid.
This structure serves to attach the cell
to a solid object, usually a rock. (The
natural habitat of Acetabularia is a
shallow tropical sea with a rocky bot-
tom.)

At the top of the cell a second special
structure called the cap develops at
about the time the growth of the cell
ends. The cap matures to become the
reproductive organ of the cell. Only
when this happens does the nucleus
begin to divide. Until that time the or-
ganism can be regarded as a giant sin-
gle cell. Once the division of the nu-
cleus starts, the plant becomes similar

and also is the site of the nucleus. The rhizoid and cap are enlarged
20 diameters. At d is a ripe cyst, enlarged some 150 diameters, from
which gametes, or mature germ cells, are emerging. A gamete fuses

to all other coenocytic algae of the
order Siphonales.

A further relevant characteristic of
Acetabularia is apparent when the cell
is cut or bruised. The cell rapidly seals
off the damaged portion, heals and
proceeds to regenerate a new part. If
an immature cap is cut from the top
of the stalk, for example, a new cap
develops in its place.

The value of the regenerative cap to
the experimenter is enhanced by the
fact that nature has provided several
species of Acetabularia. The Mediter-
ranean species, A. mediterranea, has a
cap that looks like a small umbrella
with a smooth rim. The species A. cre-
nulata, found in the Caribbean, has a
cap that looks like several small bananas
arranged radially at the tip of the cell.
Since the appearance of each cap is so
distinctive the experimenter can readily
see the effect of transferring a nucleus
from one species to another.

In sum, four properties give Acetabu-
laria its remarkable value as an experi-
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mental organism: (1) the delay in the
division of the nucleus until the cell
has attained its full size and the cap has
matured, (2) the location of the nucleus
in a particular and recognizable region
of the cell, (3) the difference in the caps
of different species and (4) the orga-
nism’s capacity for regenerating parts.
These properties have lent themselves
admirably to the examination of the
influence of the nucleus on the devel-
opment of the cytoplasm and the in-
fluence of the cytoplasm on processes
in the nucleus.

"I‘he nucleus of a cell in any orga-

nism is known to carry genetic in-
formation in its chromosomes. Yet the
translation of the information into the
orderly development of a cell from an
immature state to a mature one is not
all accomplished by the nucleus. Indeed,
the genetic information in the nucleus
represents only a potential. An intricate
mechanism regulates the realization of
the potential; by means of the mecha-

with another gamete (e—g) to give rise to a zygote, which is
the immature cell that will grow into a new Acetabularia. The en-
largement of the drawings e, f and g is about 1,000 diameters.
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YOUNG CELL of Acetabularia contains a prominent nucleus, which is the dark spot at bot-
tom. The rest of the material in the cell is cytoplasm. This cell is in the early stage of growth
and has just begun to develop a stalk. The enlargement is about 2,000 diameters.

nism different genes are perhaps acti-
vated to function at different times. It
is evident from numerous experiments
that the process involves both com-
mands from the nucleus to the cyto-
plasm and commands from the cyto-
plasm to the nucleus.

Before the unique properties of Ace-
tabularia could be exploited in order to
explore the details of the nuclear-cyto-
plasmic interaction, the first workers in
the field had to study the organism’s
life cycle intensively in the laboratory
to familiarize themselves with its nor-
mal events. The study proved to be dif-
ficult. It is not easy to take algae from a
marine environment and maintain them
in the laboratory, particularly when, as
in the case of Acetabularia, the nutri-
tional requirements of the organism are
not known.

When Hammerling began his studies,
he was associated with the laboratory
of the late Max Hartmann at the Kaiser
Wilhelm Institute in Berlin. The labora-
tory was trying to maintain various spe-
cies of marine algae. In time the workers
at the laboratory developed a special
culture medium—the Erd-Schreiber me-
dium—in which many delicate algae
seemed to thrive. The secret of the me-
dium was the addition to seawater of a
special brew prepared by cooking a par-
ticular kind of garden soil for many
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hours. With the Erd-Schreiber medium
Himmerling was able to domesticate
Acetabularia and establish the details of
its life cycle.

Hiammerling found that a mature cap
develops cysts that are the key to re-
production [see illustration on pre-
ceding two pages]. Each cyst contains
several nuclei, many chloroplasts and
mitochondria and other materials that
can form a new cell. The reproductive
process begins when the cap releases
the cysts, which germinate to produce
the gametes, or mature germ cells. Two
gametes meet and fuse to form a zygote
that immediately begins to grow and
develop. It takes about 60 days for the
cell to grow to the stalklike stage that
precedes the formation of a cap.

With the life cycle established Héam-
merling was ready to begin his ex-
periments. One of the first questions he
considered was whether or not an Aceta-
bularia cell could continue to live and
function without its nucleus. It was easy
to remove the nucleus by cutting off the
rhizoid. Cells thus enucleated continued
to grow in length and eventually devel-
oped a typical cap. Of cowrse, such a
cap would not mature to produce ripe
cysts because no nuclei were present.
An enucleated cell would, however,
remain alive and active for several
months.
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It therefore appeared that the growth
of the cell and even the development of
a complex structure such as the cap
were independent of the nucleus. Elabo-
rations of the experiment showed that
the independence was somewhat con-
ditional. The fact that an enucleated
cell can both grow and develop new
structures proved to arise from the ac-
cumulation in the cell of substances
that originated in the nucleus.

The experiment that led to this con-
clusion can be summarized as follows.
If the top segment of a cell is cut
off, that segment continues to grow in
length; it also develops a cap. The bot-
tom segment of the cell, which contains
the nucleus, can regenerate a complete
and normal cell [see top illustration on
opposite page]. The middle segment
of the cell, however, lacks the ability
to increase in length or regenerate a
cap.

The next step was to remove a small
top segment of a complete plant but to
delay cutting off a middle segment for
several days. If the middle segment was
then separated from the bottom seg-
ment, it was found to have acquired the
capacity to grow and to form a cap.
Evidently the middle segment acquired
the properties of growth and cap-form-
ing because it was attached to the
rhizoidal segment, which contained the
nucleus.

One naturally asks next if the ac-
quired properties of the middle segment
arose from the nucleus. The question
was answered affirmatively by an ex-
periment in which a nucleus was
squeezed out of a cell, washed to re-
move most of the adhering cytoplasm
and then transplanted into the isolated
middle section of another cell. New
growth began several days later.

Here was a finding of considerable
importance. It implied that the nucleus
produces a diffusible substance that mi-
grates and concentrates in the top re-
gion of the cell. The substance controls
the ability of the cell to grow and to
develop a cap. It is a stable substance
and can remain active for many days.

Amther important observation came
from the transfer of a nucleus to
the middle section of a stalk. New
rhizoids developed in the vicinity of the
transplanted nucleus. The implication is
that the position of the nucleus in thz
cell establishes a polarity in the cell;
the rhizoid always develops near the
nucleus and the cap develops at the
point farthest from the nucleus. Since
one type of message clearly concen-
trates at one end of a cell and another



CUTTING EXPERIMENTS show the effect of the nucleus on the places. The middle section remains alive but does not grow. The
growth of a cell of Acetabularia. A young plant (left) is cut in two tip develops a cap. The base develops into a fully mature cell.

==

FURTHER CUTTING introduces a time factor. The tip of a cell is Then it is cut in two. Its top part, which was originally the mid-
cut off (left) and the remaining part is left alone for several days. dle section, has acquired from the nucleus the ability to develop.

s — 53

TRANSPLANTATION OF NUCLEUS into what was originally pipette. Segment receiving the nucleus begins to show growth after
the middle section of a cell of Acetabularia is accomplished by several days and eventually develops into a mature cell (right).
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EFFECT OF NUCLEUS is further demonstrated in experiments

involving the transfer of nuclei between species. At left are species

type concentrates at the other end, it is
evident that messages do not simply
diffuse out of the nucleus. They are also
spatially organized in the cytoplasm.

It soon became apparent that the dif-
fusible message from the nucleus carries
specific genetic information. This fact
was demonstrated when a nucleus of one
species was intrcduced into an enucle-
ated cell of another species. The cap
that eventually developed was typical
of the species of the transplanted nucleus
[see illustration at top of these two
pages].

In some cases, when the enucleated
cell was well developed and apparently
contained a considerable amount of the
diffusible message from its own nucleus,
the first cap to develop after the im-
plantation of a foreign nucleus showed
characteristics intermediate between the
two species. If such a hybrid cap was
removed, however, the cap that then
developed was typical of the kind found
on the species from which the nucleus
came. Here was a clear demonstration
that the genetic factors in the nucleus
determine the ultimate form of the cell.
Moreover, the nucleus exercises its con-
trol by secreting diffusible messages into
the cytoplasm; the messages thereupon
migrate to the region of the cell where
the information they bear will be
utilized.

What is the chemical nature of the
diffusing message? Indirect evidence
suggests that here, as in all other mech-
anisms of genetic information that have
been studied, molecules of ribonucleic
acid (RNA) function in the transfer of
information from the deoxyribonucleic
acid (DNA) of the genes into protein
enzymes. Three kinds of indirect evi-
dence implicated RNA in the mature
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cell of Acetabularia. First, if an enu-
cleated top segment was treated with
ultraviolet light, which is known to
damage nucleic acids, the segment lost
its ability to grow. Second, treatment of
such a segment with ribonuclease, an
enzyme that specifically breaks down
molecules of RNA, also prevented
growth. Finally, antibiotics such as ac-
tinomycin, which inhibit the synthesis
of the kind of RNA called messenger
RNA, curtailed the accumulation of
growth-initiated substances in decapi-
tated cells that still had their nuclei.
The experiments I have described
owe their success to the remarkable
hardiness of the Acetabularia nucleus.
Such a nucleus can be taken out of the
cell, washed repeatedly in a sucrose
solution and then reimplanted in a cell
without loss of viability. In contrast,
transplantations of the nuclei of amoe-
bae or other animal cells must be per-
formed in such a way that the nucleus is
never exposed to the culture medium.

As a result of the experiments with the
“* nuclei of Acetabularia, the genetic
role of the nucleus was considerably
clarified. The experiments showed that
the nucleus, by its production of mes-
senger RNA, makes possible the vegeta-
tive growth of the cell and its differen-
tiation into a rhizoid at one end and a
cap at the other. The next question to
be asked concerned the cytoplasm. Does
it have some control over the develop-
ment and function of the nucleus? Sev-
eral experiments provided an affirma-
tive answer to the question.

One line of experimentation was
based on the fact that the nucleus of a
cell with a developing cap is quite large.
The experiments involved decapitating
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of A. mediterranea (black) and A. crenulata (color). The cell of
mediterranea is cut in two and the rhizoid, containing the nucleus,

such cells. Invariably the result was
that the nucleus shrank to a fraction of
its former size. Hammerling was able
to keep such cells growing for several
years, repeatedly removing the cap and
thus apparently rejuvenating the nu-
cleus.

In other experiments a mature cap
was grafted onto the top of a young
cell. The result was an early onset of
nuclear divisions in the still small nu-
cleus [sce illustration at bottom of these
two pages]. Both sets of experiments
lead to the inference that cytoplasmic
factors govern the developmental state
of the nucleus. When a cap is fully de-
veloped, it signals the nucleus at the
other pole of the cell to start dividing.
What the signal may be is unknown.

A straightforward way of studying
the nature of the substances that might
affect a nucleus or cytoplasm is to add

EFFECT OF CYTOPLASM on the nucleus

appears in two experiments. If a mature cap



is removed. Then a rhizoid from a cell of crenulata is grafted onto
the mediterranea stem. Eventually the stem develops a cap charac-

known substances to a culture medium
containing cells. If an additive of known
properties produces results similar to
these produced naturally by the un-
known substance, the experimenter has
a clue to the properties of the unknown
substance. To be meaningful, however,
such experiments should be performed
on cultures that are free of bacteria,
since any added organic substance is
more likely to be used or changed by
the actively metabolizing microorga-
nisms than by the relatively sluggish alga.

In recent years my colleagues at
Rockefeller University and I have been
able to obtain and grow cultures of bac-
teria-free Acetabularia. With them we
undertook first to find what organic
growth factors are needed by intact
cells. We found that thiamine (vitamin
B,;) can replace the soil extract in the
Erd-Schreiber medium. Another factor,

perhaps vitamin By, is usually supplied
in sufficient quantities in natural sea-
water but must be added if artificial sea-
water is used.

Pure cultures have also enabled us to

settle a long debate concerning the
presence of DNA in organelles, or in-
tracellular bodies, other than the nu-
cleus. Organelles such as mitochondria
and chloroplasts can be isolated from
disrupted cells, and their composition
can then be determined. Since the
quantity of DNA in organelles thus ob-
tained is very small, it must be deter-
mined that the DNA does not come
from broken nuclei or contaminating
bacteria.

Our technique for determining if
chloroplasts of Acetabularia contained
DNA was to remove nuclei from unin-
fected cells by cutting off the rhizoid

<@ o
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is removed from a cell, such as the A. mediterranea shown at a, the
nucleus, which was previously well developed, shrinks markedly.

>
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teristic of the crenulata species. A comparable result occurs (far
right) when a mediterranea rhizoid is put on a crenulata stem.

ends. From the stalks that remained we
isolated chloroplasts. We found that the
chloroplasts indeed contained small but
significant amounts of DNA.
Furthermore, we were able to show
that the DNA of the chloroplasts is syn-
thesized even in the absence of the nu-
cleus. We did so by growing enucleated
cells in a radioactive environment. Aft-
erward we isolated chloroplasts from
the cells; radioactive DNA was found
in the chloroplasts. The experiment in-
dicated that the chloroplasts may pos-
sess a degree of genetic autonomy.
Recently we have found that we can
prepare very small droplets of Acetabu-
laria cytoplasm [see bottom illustration
on next page]. The droplets continue to
live and grow in vitro. We call the drop-
lets cytoplasts. They represent an inter-
mediate system between the complex
intact cell and the completely disorga-

A

If a developed cap is transferred to a young rhizoid (b), the
nuclear divisions characteristic of a mature rhizoid soon start.
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ISOLATED NUCLEUS of a cell of Acetabularia can be used for experiments in transplanta-
tion. A normal nucleus is 160 to 200 microns (thousandths of a millimeter) in diameter.

DROPLET OF CYTOPLASM without a nucleus can be used to study function of such cyto-
plasmic bodies as chloroplasts and mitochondria. This synthetic cell is called a cytoplast.

|24
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nized homogenized cell preparations
commonly studied by biochemists inter-
ested in the function of the various com-
ponents of cells. A typical cytoplast is
surrounded by a membrane and con-
tains many chloroplasts and mitochon-
dria. The cytoplasm in it exhibits for
several weeks the streaming, or con-
tinuous motion, characteristic of living
cytoplasm.

We hope the cytoplasts will provide
suitable simplified material for further
studies of nuclear-cytoplasmic relations.
We wonder, for example, if we could
induce a cytoplast to develop a new
cell wall and to differentiate further if
we supplied it with appropriate mes-
senger RNA. If such a cytoplast could
be made to grow, could we simplify
conditions still further and grow iso-
lated organelles such as chloroplasts
and mitochondria outside the cell? The
ability to do so would make it possible
to establish and to study in detail the
degree of independence of different
components of a cell.

,Another interesting contribution to
+ % fundamental biological problems
from studies of Acctabularia is the re-
cent finding by Hans Schweiger and his
colleagues at the Max Planck Institute
in Wilhelmshaven that the nucleus plays
a role in setting the cell's “clock.”
Schweiger established different photo-
synthetic rhythms in Acetabularia cells
grown under various regimes of light and
darkness. When nuclei were transferred
between Acetabularia cells that differed
in the timing of their photosynthetic ac-
tivity, it was discovered that the intro-
duced nucleus caused a shift in the
rhythm of the cytoplasm. Although pho-
tosynthesis is a process that is restricted
to the chloroplasts, the experiments show
that it is somehow regulated by the nu-
cleus. Further work with Acetabularia
should shed more light on the still poorly
understood phenomenon of biological
clocks.

Some of the other unique properties
of Acetabularia await further exploita-
tion. The messages of the nucleus are
conveyed to specific parts of the cyto-
plasm. What organizes their distribu-
tion? The cytoplasm influences divisions
of the nucleus. What is the nature of
the cytoplasmic message to the nucleus?
The nuclear divisions in the rhizoid of
Acctabularia are separated in time and
space from the organization of the cy-
toplasm and membranes around nuclei
in the ripe cap to form cysts. What
would study of the separation reveal
about cell division?
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World's largest rubber lake is this 750,000 sq. ft. reservoir which holds 84 million gallons of brine taken from underground caverns.

Rubber surfaces:

here to stay.
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Uniroyal develops rubber surfaces
that prove to be economic for
reservoirs, anti-pollution systems,
waterproof linings, tennis courts
and aircraft landing fields.

To hold brine from underground storage caverns,
Phillips Petroleum built a rubber reservoir big enough
to float the S.S. United States.

To fight water pollution, the Toms River Chemical
Corporation built a 13.5-acre rubber reservoir to serve
as an emergency catch basin for a 10-mile pipeline
into the Atlantic Ocean.

These are just two of the many uses for the rubber
surfaces developed by Uniroyal. (You may know us as
United States Rubber Company.)

Rubber is the ideal material for a waterproof barrier.
Rubber is durable, flexible and practically impermeable
to water.

One square yard of rubber sheeting one-eighth inch
thick will pass less than a pint of water every 10 years.
By comparison, concrete is very porous. A square yard
of concrete an inch thick will pass some 70 gallons of
water in the same period.

Many buildings use rubber liners between decks
and around foundations as a highly efficient water-
proof barrier.

One reason for the surge of interest in rubber sur-
faces is the availability of wider and longer rolls. (As
wide as 20 feet and as long as 200 feet.) Sold by
Uniroyal under the registered Royal-Seal trade-
name, they resisttearing, abrasion and chemical,
bacterial and fungus attacks. They operate in ambient
temperatures as low as minus 65 and as high as 200
degrees F.

Another reason for the interest in rubber surfaces
is the availability of ‘‘Crackless Rubber,’’ an ethylene
propylene rubber developed and sold by Uniroyal
under theregisteredtradename of *‘Royalene.” Liners
made with Royalene have exceptionally high resist-
ance to oxidation and cracking from ozone attack.

Once installed, Royal-Seal liners require an absolute
minimum of maintenance. Since they do not need
expansion or contraction joints, there is no annual

T

Royal-Seal rubber surfaces are easy to install. First step
is to unroll the 20-foot-wide rolls.

After the rubber is allowed to ‘‘relax’’, the edges are over-
lapped and bonded together with adhesive.

Rubber surface is anchored in a shallow trench dug around
edge of reservoir. Trench is then filled and tamped.

joint-sealing task as required by rigid liners.
Accelerated age tests indicate a 15 to 25 year life
expectancy for Royal-Seal liners that are installed in

exposed areas. And even longer .
where the liner is covered. Continued...
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Rubber surfaces: here to stay.

Portable tennis court made by Uniroyal can be rolled up and stored between matches. This one is located at California State College, Pa.
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Rubber surfaces are finding their way into many
other places.

A recent professional tennis tournament in Madison
Square Garden was played on a surface developed by
Uniroyal called ‘‘Cart-a-Court.” The surface provides
a high bounce akin to European clay courts.

The new court provides longer, more exciting rallies.

The high bounce allows the receiver to return the
serve more effectively. (The low bounce you get on
stretched canvas normally used for indoor play makes
the big serve the whole game.)

Many schools and colleges have bought Cart-a-
Court surfaces to use on top of gymnasium floors.
The court allows a school to offer tennis all year long.
And 30 minutes after a match, the floor can be cleared
for basketball or other sports.

The Cart-a-Court portable tennis court costs less
than $4,000 complete, a price which includes special
storage cylinders and handling equipment.

Uniroyal rubber surfaces are being used for track
and field events, too. The Amateur Athletic Union
(AAU) has approved the use of a new Uniroyal rubber
surface for official athletic meets. This resilient, pli-
able surface is weather-proof and dust-free. Track
markings are clearly visible and permanent. Runners
and jumpers experience a better reaction and surer
“feel’” on the new surface.

Uniroyal rubber surfaces are being used by the
military for helicopter and aircraft landing fields. They
can be transported by truck to areas where air opera-
tions are taking place. Landing mats are particularly
helpful in reducing the dust caused by helicopter
landings and takeoffs.

Lightweight, durable and easy to move around in
the field, portable landing mats are contributing to
the new mobility of the Army.

Rubber surfaces also have many civilian uses such
as temporary roadways and parking lots. (They can
solve dust and soil erosion problems, too.)

The uses of flexible, durable, waterproof rubber

surfaces are bound to grow.We'd welcome your inquiry.

Write to Uniroyal, Technical Advisory Service, 1230
Avenue of the Americas, New York, N.Y. 10020.

We think we can help you. We may not be the big-
gest rubber company, but we're the most inventive.
And we have almost 1500 patents to prove it.

NIROYA

U.S.RUBBER

Observation plane lands on rubber-coated nylon mat. Uniroyal
makes surfaces like this for military and civilian use.

r

S

Major purpose of rubber landing mat is to eliminate dust
kicked up by whirling helicopter blades.

Twin-engine aircraft lands on 3300-foot runway made of
the same material as the helicopter landing mat.

Uniroyal holds more patents
than any other rubber company.
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One of a series briefly describing GM’s research in depth

We’ve managed to measure
next to nothing

One part in a billion. Hard to even imagine.

A second in 31 years. A single bean in a line of peas

laid end to end from New York to Berlin. Our

research chemists are isolating, identifying, and measuring
similar amounts of hydrocarbons in exhaust gas.

It's done by gas chromatography —using new techniques
developed in over 10 years of intensive research on
analytical methods.

From a diluted exhaust sample with total hydrocarbons
of 2.3 parts per million, taken from the GM Research
smog chamber, more than 60 hydrocarbons can be
separated and measured down to | part per billion. The
process is remarkably fast and accurate. In a 10-milliliter
sample of raw exhaust gas—about »4 fluid ounce—over
100 compounds can be pinpointed in only 20 minutes.

Academic? Not at all, although it’s frequently a long
step from research to the production line. Hydrocarbons
differ widely in smog-forming potential. To effectively
evaluate proposed solutions to the smog problem, we
must be able to identify and measure the more

reactive compounds. Our studies in the microworld of
analytical chemistry are just beginning to contribute
the data we need . . . new knowledge about how exhaust
control systems, fuel composition, and engine variables
influence the distribution of individual hydrocarbons

in exhaust gas.

Often in industrial research, practical problems stimulate
development of advanced techniques. That isn’'t new.
Sometimes, though, the advances go a step beyond

the practical . . .

To a new frontier.
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ANALGESIC DRUGS

For severe pain the most widely used drug is still morphine. Other

useful drugs have been found, however,n the course of the search

for substances with morphine’s good qualities but not its bad ones

arly man, omnivorous and inquisi-
E tive, had discovered the use of
opium by the time of the earliest
written records. Babylonian and Egyp-
tian writings contain many references to

the value of opium preparations for the
relief of pain. Hippocrates, Dioscorides,

S : s
2 '
7
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OPIUM POPPY (Papaver somniferum) is the source of morphine.
The technique of obtaining the raw opium is to make a cut in the

11 L 'Y
-~ : W1
Pt . _X

by Marshall Gates

Galen and other early physicians formed
a regard amounting to veneration for
opium’s almost miraculous power to “lull
all pain and anger and bring relief to
every sorrow.” With the progress of med-
icine the respect of physicians for the
drug increased. Thomas Sydenham, the
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17th-century pioneer of English medi-
cine, wrote: “Among the remedies which
it has pleased Almighty God to give to
man to relieve his sufferings, none is so
universal and so efficacious as opium.”
Today, although opium is clearly no
longer regarded as a universal remedy,

unripe seed capsule of the plant (enlarged drawing at right). The
rubbery exudate that oozes from the cut is then collected and dried.
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RAW OPIUM contains some 20 alkaloid substances, one of which is morphine. A typical
yield of morphine from opium is 10 percent. The drug was first isolated from opium in 1805.

its active principle, morphine, is still the
drug that is most commonly prescribed
by physicians for the relief of severe
pain.

The defects of the drug have long
been well known. The ancients could
scarcely have been unaware of the ad-

dicting property of opium; it appears,
however, that Thomas De Quincey’s
Confessions of an English Opium Eater,
published in a magazine in 1821, was the
first detailed description of opiate addic-
tion. De Quincey was a brilliant man
of letters who developed an addiction to

THREE-DIMENSIONAL MODEL of the morphine molecule shows the characteristic strue-
ture of the drug. The black balls in the model are carbon atoms, the dark-colored ball
is a nitrogen atom, the light-colored balls are oxygens and the gray balls are hydrogens.
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laudanum (an opium preparation) while
he was a student at Oxford. Opiate ad-
diction is too vast a subject to be dis-
cussed in detail here. For our purposes
it is enough to note that prolonged use
of an opiate generally leads to a physio-
logical and psychological dependence
on the drug, and this dependence is
shown by the onset of highly unpleasant
and  sometimes dangerous symptoms
when use of the drug is stopped. In ad-
dition to the opiates” addicting proper-
ty, they have a depressing effect on res-
piration. It is no wonder, then, that in
this century chemists and clinical inves-
tigators have conducted a tireless and
expensive search for an analgesic that
would be as potent as morphine but free
of its dangerous effects.

Opium is obtained from the opium
poppy (Papaver somniferum) Dby
scarifying the unripe seed capsule and
collecting and drying the exudate. The
dried material, pressed into bricks, is
the opium of commerce. The substance
is a complex mixture containing at least
20 alkaloids. Morphine, which consti-
tutes about 10 percent of opium and is
primarily responsible for its physiologi-
cal effects, was first isolated in 1805 by
I'riedrich Sertiirmer, an apothecary’s as-
sistant in Paderborn, Germany. The iso-
lation of this alkaloid was the beginning
of alkaloid chemistry, which has yielded
many important medicinal substances,
including (to cite a recent example) the
tranquilizing and blood-pressure-reduc-
ing drug reserpine, extracted from the
Indian snakeroot (Rauwolfia serpentina).
Morphine itself became an object of
1'ncreasingly intensive study. The unrav-
eling of its structure is a fascinating
story. The difficulty involved in the
work is apparent from the fact that the
correct basic structure of the alkaloid
was not suggested until 120 years after
the isolation of the drug. The workers
who ascertained the structure in 1925
were John M. Gulland and Robert Rob-
inson, then at the University of Man-
chester. Even at that time the subtleties
of morphine’s three-dimensional struc-
ture were largely unresolved.

The chemical investigations of mor-
phine made available a number of sub-
stances closely related to it structurally.
Many of them—including codeine (also
occurring in opium), heroin, Dilaudid
and Bentley’s compound—were physio-
logically active [see illustration on op-
posite page]. Bentley’s compound, re-
cently prepared by the British chemist
K. W. Bentley, is of particular interest.
In tests on small animals it has proved
to be 10,000 times more potent than



CHEMICAL STRUCTURES of morphine and several of its close

relatives are markedly similar. Codeine, heroin and Bentley’s com-

morphine, and some of Bentley’s prep-
arations have been used to subdue ele-
phants on African game preserves at
doses of one milligram per elephant!
Unfortunately the Bentley compounds
have disappointed early hopes that they
might, at analgesic doses, produce less
respiratory depression than morphine,
and they have also given evidence that
they are dangerously addicting.

Of the many fragments or synthetic
assemblies of fragments of the morphine
molecule that have been studied, only
a few have shown a significant degree
of analgesic activity [see top and middle
illustrations on next page]. And in these
compounds, whose structure is some-
times only vaguely related to that of
morphine, addiction liability seems to
parallel analgesic activity. Only the
substances with very mild analgesic
activity are nonaddicting.

\K/hut general principles might be

drawn from these analytic studies?
In 1955 Nathan B. Eddy of the National
Institutes of Health, examining the ex-
perimental results, attempted to iden-

BENTLEY'S COMPOUND

tify the structural features that might
account for the analgesic activity of a
drug of the morphine type. The most
active drugs, he noted, all seemed to be
characterized by (1) the presence of a
tertiary or trisubstituted amine with a
small group attached to the nitrogen
atom, (2) a central carbon atom, none
of whose valences was occupied by a
hydrogen atom, (3) a phenyl or closely
analogous group attached to the central
carbon atom and (4) separation of the
tertiary or trisubstituted amino group
from the central carbon atom by an in-
tervening string of two carbon atoms.
Events later showed that this categori-
cal description missed the mark. Since
1955 it has been found that all four of
these criteria can be violated without
destroying analgesic activity.

Although a satisfactory theory of anal-
gesic structure or action still eludes
us, experimenters have developed a
number of useful synthetic analgesics
related to the morphine model. The old-
est and perhaps the best-known is pethi-
dine (also called meperidine, Demerol
and by some 40 other names). It was
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pound were produced by altering the structure of morphine. In
these two-dimensional diagrams the hydrogens are small gray dots.

synthesized in 1939 by Otto Eisleb of
Germany. Less potent than morphine,
pethidine is-widely used for the relief of
postoperative pain and in obstetrics. It
was acclaimed originally as a nonaddict-
ing drug but was soon found to have
dangerous addiction liability—a con-
stantly recurring theme in the field of
analgesic drugs. (Even heroin was orig-
inally introduced as a nonaddicting sub-
stitute for morphine.) Analgesics related
to pethidine have since been prepared
in great variety and in widely varying
potency; pethidine itself, however, re-
mains the most widely used of these
substances.

Another family of synthetic analge-
sics, less closely related structurally to
morphine, is the one represented by
methadone, which has attracted interest
recently as a relatively harmless substi-
tute for heroin in experiments on the
management of addicts. Still another,
recently developed by Everett L. May
of the National Institutes of Health, is
the group of substances called benzo-
morphans. The best-known member of
this group, phenazocine, is seven to 10
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STRUCTURAL ALTERATIONS of the morphine molecule have active. Some, such as the one at left, bear a close structural relation
produced several fragments that have proved to be analgesically to morphine; others, such as that at right, a less apparent relation.

METHADONE

PHENAZOCINE

SYNTHETIC ANALGESICS have been developed by various ex- ally. Phenazocine, a recent development, is the best-known member
perimenters. Pethidine, the oldest, most closely resembles the of a group of substances called benzomorphans. Phenazocine is
structure of morphine. Methadone is less like morphine structur- more effective than morphine against pain but is highly addicting.

MIRROR-IMAGE MOLECULES proved to have notably different strongly addicting. Dextrorphan (right), the right-handed form of

effects. The synthetic drug levorphan (left), with a morphine-like the molecule, is neither analgesic nor addicting. The difference in-
structure, is more potent than morphine against pain and also is dicates the importance of molecular geometry in analgesic activity.
134
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times more potent than morphine as an
analgesic and possesses some other ad-
vantages, but like morphine it is danger-
ously addicting.

That analgesic activity depends quite
specifically on molecular geometry is
strikingly illustrated by the synthetic
drug levorphan, a member of the group
called the morphinans, which are close-
ly akin to morphine in structure [see
bottom illustration on opposite page].
Levorphan is several times more potent
than morphine and is strongly addict-
ing. Curiously the mirror image of this
molecule (that is, the dextrorotatory, or
right-handed, form) has no analgesic
activity or addiction liability. (Slightly
modified by the substitution of a methyl
ether group for the hydroxyl group in
the molecule, the dextrorotatory form
has been found to be a useful cough-
suppressing drug without narcotic prop-
erties and seems likely to supplant co-
deine for that purpose.) The geometric
specificity exhibited by levorphan has
been demonstrated to apply also to mor-
phine, whose molecule is levorotatory.
There is no mirror image of morphine in
nature, but the Japanese chemist Kakuji
Goto has synthesized a dextrorotatory
counterpart of the molecule, using a
method developed in my laboratory at
the University of Rochester, and found
that the mirror form possesses none of
morphine’s properties.

I have cited only a few representative
examples of the synthetic analgesics;
there are now a great number of them.
Many have certain advantages over
morphine, but none has supplanted
morphine as the mainstay of physicians
for the control of severe pain. The con-
tinued preference for morphine stems
in part from the confidence developed
from long experience with the drug;
fundamentally, however, the fact re-
mains that there is not yet available a
fully satisfactory substitute that avoids
morphine’s principal shortcomings. In-
deed, the properties of analgesic activi-
ty, addiction liability and depression of
respiration seem to go together, and
until recently there appeared to be no
hope of separating one of these proper-
ties from another.

\K/e now come to a most interesting

development in the story. Its be-
ginning actually goes back to a rather
old discovery. Nearly 50 years ago
Julius Pohl of the University of Breslau
reported he had prepared a substance
that suppressed the respiratory depres-
sion produced by morphine. The sub-
stance was a modification of codeine: in

place of the methyl group (CHj;) at-
tached to the nitrogen atom in codeine he
substituted the unsaturated allyl group
(CH,CH=CH,), forming a compound
called N-allyl-nor-codeine. This drug,
administered to an experimental animal
that had received a narcotic dose of
morphine, reversed morphine’s respira-
tion-depressing effect.

The significance of Pohl’s finding was
overlooked at the time, and it lay large-
ly unnoticed for 27 years. In 1942 John
Weijlard and A. E. Erickson at the lab-
oratories of Merck & Co. took up this
old lead and performed the same oper-
ation on the morphine molecule itself,
substituting the allyl group for the
methyl group. Their product, nalor-
phine, proved to be capable of counter-
acting most of the physiological effects
of morphine. It not only reversed the
respiratory depression but also acted as
an antidote for acute morphine poison-
ing, and when administered to a narcot-
ics addict it rapidly precipitated a se-
vere withdrawal syndrome. In addition,
screening tests on small animals indi-
cated that nalorphine, in contrast to
morphine, had no analgesic effect.

A surprising finding emerged, how-
ever, when nalorphine was administered
to human patients. In 1954 Henry K.
Beecher and Louis Lasagna conducted
an experiment to examine the possibil-
ity that nalorphine, given with mor-
phine, might reduce morphine’s respira-
tory depression without weakening its
analgesic activity. At the Massachusetts
General Hospital they gave one group
of patients both morphine and nalor-
phine and gave a control group only
nalorphine. Unexpectedly nalorphine
alone proved to be as effective in re-
lieving pain in the control group as the
combination of morphine and nalor-
phine was in the test group. This find-
ing was quickly confirmed in experi-
ments by Arthur S. Keats and Jane R.
Telford of the Baylor University Medi-
cal School. Harris Isbell at the Addic-
tion Research Center of the National
Institute of Mental Health then pro-
ceeded to demonstrate by further tests
with human subjects that nalorphine is
not addicting in man.

For the first time analgesia had been
divorced from addiction liability. The
new drug, however, produced halluci-
nations when given at analgesic doses.
Perhaps for this reason it did not im-
mediately precipitate the rash of new
investigations that might have been ex-
pected to follow so promising a lead.
For some time only Keats and his group
at Baylor actively pursued the study of
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nalorphine and related morphine an-
tagonists.

In 1958 Sydney Archer and his co-

workers at the Sterling-Winthrop In-
stitute for Therapeutic Research under-
took to seek nonaddicting analgesics
among morphine antagonists structural-
ly related to the benzomorphans (repre-
sented by phenazocine). Their attack
was based on the supposition that the
D’Amour-Smith rat-tail-flick test, one of
the most widely used means of deter-
mining the analgesic effectiveness of
drugs in animals, was at least as good a
test for addiction liability as for anal-
gesic activity. Therefore they reasoned
that any substance active in the test
should be discarded. In the test an in-
tense beam of light is used as the pain
stimulus. Normally when the light is
focused on a rat’s tail the animal quick-
ly flicks its tail out of the beam; this
reaction is delayed, however, if the rat
has been given an analgesic drug. The
test has been found to give a good mea-
sure of a drug’s analgesic potency.
Moreover, the results of this test on rats
usually correlate well with the clinical
effectiveness of a drug in man (although
they failed to do so in the case of nalor-
phine).

From the benzomorphans Archer and
his group succeeded in preparing a
number of derivatives that combine
analgesic activity with some degree of
antagonism to morphine. Among these
products is cyclazocine, an extremely in-
teresting substance that is one of the
most potent morphine antagonists dis-
covered so far [see illustration on next
pagel.

In January, 1959, our laboratory in-
dependently began a search for a non-
addicting drug among the morphine
antagonists. We thought it might be
possible, by modifying the allyl group
in the nalorphine molecule, to transform
it into a more acceptable analgesic, al-
though perhaps somewhat less active as
an antagonist of addicting drugs. As a
replacement for the allyl group we chose
the cyclopropylmethyl group, which is
well known to affect the chemical and
physical properties of a substance in
much the same way as the allyl group
(and which is the distinguishing feature
of cyclazocine). Thomas Montzka, a
graduate student working in our labo-
ratory, prepared a number of cyclopro-
pylmethyl derivatives of morphine-type
drugs, and these substances were
screened in small animals for us by
Louis S. Harris, then at the Sterling-
Winthrop Institute, and by Charles A.
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ANTAGONISTS TO MORPHINE suppress the addicting effects of the drug without imped-
ing its analgesic effects. Indeed, several of them have analgesic properties in addition to
their counteraction against morphine, as shown in the column headed “Relative activity.”
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Winter of the Merck Institute for Thera-
peutic Research.

The new series of substances proved
to be highly active antagonists of mor-
phine and pethidine. We selected one,
which we call cyclorphan, for further
study. It is a considerably more potent
morphine antagonist than nalorphine
and appears to have pharmacological
properties quite similar to those of
cyclazocine.

Both cyclazocine and  cyclorphan
have been found to be capable, at very
low doses, of precipitating the with-
drawal syndrome in monkeys that have
been addicted to narcotics and also in
human addicts. This capability can be
taken as good evidence that the drugs
will not produce addiction in man. Wil-
liam R. Martin, who has studied the
addiction liability of cyclazocine with
subjects at the Addiction Research Cen-
ter of the National Institute of Mental
Health, reports that it generates a mild,
typical dependence that does not seem
very likely to lead to serious conse-
quences.

Cyclazocine and cyclorphan have also
been examined clinically, cyclazocine
extensively, cyclorphan in preliminary
fashion. Both drugs have been found to
be potent analgesics, perhaps 30 to 50
times more potent than morphine on a
weight basis. Both, however, produce
hallucinations, much less commonly
than nalorphine does but still frequent-
ly enough to raise some question as
to their acceptability as drugs for gen-
eral use.

Perhaps the most promising of the
new analgesics discovered so far is pen-
tazocine, one of the morphine antago-
nists prepared from the benzomorphans
by workers at the Sterling-\Winthrop In-
stitute. Although it is only weakly an-
tagonistic to morphine, pentazocine has
been shown in exhaustive clinical tests
to be devoid of addiction liability. Yet
it is as effective as morphine in con-
trolling postoperative pain, labor pains,
the pains of terminal cancer, cardiac
pain and traumatic pains. Thus pen-
tazocine is the first really potent anal-
gesic that has proved in practice to be
nonaddicting. It does, however, produce
respiratory depression, and so it cannot
be said to be the last word.

What can be said with reasonable
confidence is that, in view of the recent
demonstrations that ;mulgesic potency
can be separated from addiction liabili-
ty, it seems not too much to hope that
we shall soon have an ideal analgesic:
effective, free of side effects such as
respiratory depression and hallucino-
genic activity—and nonaddicting.
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MATHEMATICAL GAMES

Is it possible to visualize

a four-dimensional figure?

by Martin Gardner

The children were vanishing.

They went in fragments, like thick
smoke in a wind, or like movement in a
distorting mirror. Hand in hand they
went, in a direction Paradine could
not understand. . ..

—LEwis PADGETT,
from “Mimsy Were the Borogoves”

he direction that Paradine, a

I professor of philosophy, could not
understand is a direction perpen-
dicular to each of the three coordinates
of space. It extends into four-space in

the same way a chess piece extends up-
ward into three-space with its axis at

right angles to the x and y coordinates
of the chessboard. In Padgett’s great
science fiction story Paradine’s children
find a wire model of a tesseract (a
hypercube of four dimensions) with
colored beads that slide along the
wires in curious ways. It is a toy abacus
that had been dropped into our world
by a four-space scientist tinkering with
a time machine. The abacus teaches the
children how to think four-dimension-
ally. With the aid of some cryptic ad-
vice in Lewis Carroll's Jabberwocky
they finally walk out of three-space al-
together.

Is it possible for the human brain to
visualize four-dimensional structures?
The 19th-century German physicist
Hermann von Helmholtz argued that it
is, provided that the brain is given prop-
er input data. Unfortunately our ex-
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perience is confined to three-space and
there is not the slightest scientific evi-
dence that four-space actually exists.
(Euclidean four-space must not be con-
fused with the non-Euclidean four-
dimensional space-time of relativity
theory, in which time is handled as a
fourth coordinate.) Nevertheless, it is
conceivable that with the right kind of
mathematical training a person might
develop the ability to visualize a tes-
seract. “A man who devoted his life
to it,” wrote Henri Poincaré, “could
perhaps succeed in picturing to himself
a fourth dimension.” Charles Howard
Hinton, an eccentric American mathe-
matician who once taught at Princeton
University and who wrote a popular
book called The Fourth Dimension,
devised a system of using colored
blocks for making three-space models of
sections of a tesseract. Hinton believed
that by playing many years with this
“toy” (it may have suggested the toy in
Padgett’s story) he had acquired a dim
intuitive grasp of four-space. “I do
not like to speak positively,” he wrote,
“for I might occasion a loss of time on
the part of others, if, as may very well
be, I am mistaken. But for my own
part, I think there are indications of
such an intuition. ...”

Hinton’s colored blocks are too com-
plicated to explain here (the fullest ac-
count of them is in his 1910 book A
New Era of Thought). Perhaps, how-
ever, by examining some of the simpler
properties of the tesseract we can take a
few wobbly first steps toward the power
of visualization Hinton believed he had
begun to achieve.

Let us begin with a point and move
it a distance of one unit in a straight
line, as shown at a in the illustration at
the left. All the points on this unit
line can be identified by numbering
them from O at one end to 1 at the other.
Now move the unit line a distance of
one unit in a direction perpendicular
to the line [b]. This generates a unit
square. Label one corner 0, then number
the points from 0 to 1 along each of the
two lines that meet at the zero corner.
With these x and y coordinates we can
now label every point on the square
with an ordered pair of numbers. It is
just as easy to visualize the next step.
Shift the square a unit distance in a di-
rection at right angles to both the x and
the y axes [c]. The result is a unit cube.
With x, y, z coordinates along three
edges that meet at a corner, we can
label every point in the cube with an
ordered triplet of numbers.

Although our visual powers boggle



at the next step, there is no logical
reason why we cannot assume that the
cube is shifted a unit distance in a
direction perpendicular to all three of
its axes [d]. The space generated by
such a shift is a four-space unit hy-
percube-—a tesseract—with four mutually
perpendicular edges meeting at every
corner. By choosing a set of such edges
as w, x, y, z axes, one might label every
point in the hypercube with an or-
dered quadruplet of numbers. Analytic
geometers can work with these ordered
quadruplets in the same way they work
with ordered pairs and triplets to solve
problems in plane and solid geometry.
In this fashion Euclidean geometry can
be extended to higher spaces with di-
mensions mpresented by any positive in-
teger. Each space is Euclidean but each
is topologically distinct: a square cannot
be continuously deformed to a straight
line, a cube deformed to a square, a
hypercube to a cube, and so on.

Accurate studies of figures in four-
space can be made only on the basis of
an axiomatic system for four-space, or
by working analytically with the w, «,
y, z equations of the four-coordinate
system. But the tesseract is such a simple
four-space structure that we can guess
many of its properties by intuitive,
analogical reasoning. A unit line has two
end points. When it is moved to gener-
ate a square, its ends have starting
and stopping positions and therefore
the number of corners on the square is
twice the number of points on the line,
or four. The two moving points gener-
ate two lines, but the unit line has a
start and a stop position and so we must
add two more lines to obtain four as
the number of lines bounding the
square. In similar fashion, when the
square is moved to generate a cube, its
four corners have start and stop posi-
tions and therefore we multiply four
by two to arrive at eight corners on the
cube. In moving, each of the four
points generates a line, but to those
four lines we must add the square’s
four lines at its start and the four lines
at its stop, making 4 + 1 + 1 = 6 square
faces on the cube’s surface.

Now suppose the cube is pushed a
unit distance in the direction of a fourth
axis at right angles to the other three,
a direction in which we cannot point
because we are trapped in three-space.
Again each corner of the cube has
start and stop positions, so that the
resulting tesseract has 2 X 8 = 16 cor-
ners. Each point generates a line, but to
these eight lines we must add the start
and stop positions of the cube’s 12
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Elements of structures analogous to the cube in various dimensions

edges to make 8 4+ 12 4 12 = 32 unit
lines on the hypercube. Each of the
cube’s 12 edges generates a square, but
to those 12 squares we must add the
cube’s six squares before the push and
the six after the push, making 12 4- 6 +
6 = 24 squares on the tesseract’s hyper-
surface.

It is a mistake to suppose the tesser-
act is bounded by its 24 squares. They
form only a skeleton of the hypercube,
just as the edges of a cube form its
skeleton. A cube is bounded by square
faces and a hypercube by cubical faces.
When the cube is pushed, each of its
squares moves a unit distance in an
unimaginable direction at right angles
to its face, thereby generating another
cube. To the six cubes generated by the
six moving squares we must add the
cube before it is pushed and the same
cube after it is pushed, making eight in

all. These eight cubes form the hyper-
cube’s hypersurface.

The chart above gives the number
of elements in “cubes” of spaces one
through four. There is a simple, sur-
prising trick by which this chart can
be extended downward to higher n-
cubes. Think of the nth line as an ex-
pansion of the binomial (2x + 1)*. For
example, the line segment of one-space
has two points and one line. Write this
as 2x + 1 and multiply it by itself:

2x+ 1
2x + 1
4x2 + 2x
2x + 1
dx? 4+ 4 + 1
Note that the coefficients of the

answer correspond to the chart’s third
line. Indeed, each line of the chart,

g

Projection of the cube in two-space
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Projection of the tesseract in three-space

written as a polynomial and multiplied
by 2x + 1, gives the next line. What are
the elements of a five-space cube? Write
the tesseract’s line as a fourth-power
polynomial and multiply it by 2x + 1:

162t + 320% 4+ 2432 + 8x + 1
- 2x + 1 i
3217 + 64t 4 4813 + 1612 + 2x
16x* + 3243 + 24x= 4+ 8x + 1
32x% + 80xt + 80x% 4 40x= + 10x + 1

The coefficients give the fifth line
of the chart. The five-space cube has
32 points, 80 lines, 80 squares, 40 cubes,
10 tesseracts and one five-space cube.

If you hold a wire skeleton of a cube
so that light casts its shadow on a
plane, you can turn it to produce dif-
terent shadow patterns. 1f the light
comes from a point close to the cube
and the cube is held a certain way, you
obtain the projection shown in the bot-
tom illustration on the preceding page.
The network of this flat pattern has
all the topological properties of the
cube’s skeleton. For example, a fly can-
not walk along all the edges of a cube in
a continuous pntll without going over
an edge twice, nor can it do this on the
projected flat network.

The illustration at the top of this page
is the ana]ogous projection in three-
space of the edges of a tesseract; more
accurately, it is a plane projection of a
three-dimensional model that is in turn
a projection of the hyvpercube. All the
elements of the tesseract given by the
chart are easily identified in the model,
although six of the eight cubes suffer
perspective distortions just as four of
the cube’s square faces are distorted in
its projection on the plane. The eight
cubes are the large cube, the small
interior cube and the six hexahedrons
surrounding the small cube. (Readers
should also try to find the eight cubes

cut
A
w——/
B D - - -
A B c D
‘
c
A
B c D
E
F

Unfolding « square (top) and a cube
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in the drawing at d on page 138—a
projection of the tesseract, from a dif-
ferent angle, into another three-space
model.) Here again the topological prop-
erties of both models are the same as
those of the edges of the tesseract.
In this case a fly can walk along all
the edges without traversing any edge
twice. (In general the fly can do this
only on hypercubes in even spaces,
because only in even spaces do an even
number of edges meet at each vertex.)

Many properties of unit hypercubes
can be expressed in simple formulas
that apply to hypercubes of all dimen-
sions. For example, the diagonal of a
unit square has a length of \/2. The
longest diagonals on the unit cube have
a length of \/3. In general a diagonal
from corner to opposite corner on a
unit cube in n-space is \/n.

A square of side x has an area of x*
and a perimeter of 4x. What size square
has an area equal to its perimeter? The
equation a* = 4x gives x a value of
4. The unique answer is therefore a
square of side 4. What size cube has a
volume equal to its surface area? After
the reader has answered this easy ques-
tion he should have no difficulty answer-
ing two more: (1) What size hypercube
has a hypervolume (measured by unit
hypercubes) equal to the volume (mea-
sured by unit cubes) of its hypersurface?
(2) What is the formula for the edge of
an n-cube whose n-volume is equal to
the (n — 1)-volume of its “surface”

Puzzle books often ask questions
about cubes that are easily asked about
the tesseract but not so easily an-
swered. Consider the longest line that
will fit inside a unit square. It is ob-
viously the diagonal, with a length of
V2. What is the largest square that will
fit inside a unit cube? If the reader suc-
ceeds in answering this rather tricky
question, and if he learns his way
around in four-space, he might try the
more difficult problem of finding the
largest cube that can be fitted into a
unit tesseract. Next month I shall give
the answer for the square-in-cube (as
well as for the two questions in the pre-
ceding paragraph), but I do not know
the answer for the cube-in-hypercube.

An interesting combinatorial problem
involving the tesseract is best ap-
proached, as usual, by first considering
the analogous problems for the square
and cube. Cut open one corner of a
square [see top drawing in bottom illus-
tration on opposite page] and its four
lines can be unfolded as shown to form
a one-dimensional figure. Each line ro-
tates around a point until all are in the



same one-space. To unfold a cube, think
of it as formed of squares joined at their
edges; cut seven edges and the squares
can be unfolded [bottom drawing] until
they all lie in two-space to form a hex-
omino (six unit squares joined at their
edges). In this case each square rotates
around an edge. By cutting different
edges one can unfold the cube to make
different hexomino shapes. Assuming
that an asymmetric hexomino and its
mirror image are the same, how many
different hexominoes can be formed by
unfolding a cube? (This question will be
answered next month.)

The eight cubes that form the ex-
terior surface of the tesseract can be
cut and unfolded in similar fashion. It
is impossible to visualize how a four-
space person might “see” (with three-
dimensional retinas?) the hollow tes-
seract. Nevertheless, the eight cubes
that bound it are true surfaces in the
sense that the hyperperson can touch
any point inside any cube with the
point of a hyperpin without the pin’s
passing through any other point in the
cube, just as we, with a pin, can touch
any point inside any square face of a
cube without the pin’s going through
any other point on that face. Points are
“inside” a cube only to us. To a hyper-
person every point in each cubical
“face” of a tesseract is directly ex-
posed to his vision as he turns the
tesseract in his hyperfingers.

Even harder to imagine is the fact
that a cube in four-space will rotate
around any of its faces. The eight cubes
that bound the tesseract are joined at
their faces. Indeed, each of the 24
squares in the tesseract is a joining
spot for two cubes, as can easily be
verified by studying the three-space
models. If 17 of these 24 squares are
cut, separating the pair of cubes at-
tached at that spot, and if these cuts are
made at the right places, the eight
cubes will be free to rotate around the
seven uncut squares where they re-
main attached until all eight are in the
same three-space. They will then form
an order-8 polycube (eight cubes joined
at their faces).

Salvador Dali’s painting “Corpus Hy-
percubus” [right] shows a hypercube
unfolded to form a cross-shaped poly-
cube analogous to the cross-shaped
hexomino. Observe how Dali has em-
phasized the contrast between two-
space and three-space by suspending
his polycube above a checkerboard and
by having a distant light cast shadows
of Christ’s arms. By making the cross an
unfolded tesseract Dali symbolizes the

orthodox Christian belief that the death
of Christ was a metahistorical event, tak-
ing place in a region transcendent to
our time and three-space and seen, so
to speak, only in a crude, “unfolded”
way by our limited vision. The use
of Euclidean four-space as a symbol of
the “wholly other” world has long been
a favorite theme of occultists such as
P. D. Ouspensky as well as of several
leading Protestant theologians, notably
the German theologian Karl Heim.

On a more mundane level the un-

folded hypercube provides the gim-

mick for Robert A. Heinlein’s wild story
“~And He Built a Crooked House,”
which can be found in Clifton Fadi-
man’s anthology Fantasia Mathematica.
A California architect builds a house
in the form of an unfolded hypercube,
an upside-down version of Dali’s poly-
cube. When an earthquake jars the
house, it folds itself up into a hollow
tesseract. It appears as a single cube
because it rests in our space on its
cubical face just as a folded cardboard
cube, standing on a plane, would ap-
pear to Flatlanders as a square. There

Salvador Dali’s “Corpus Hypercubus,” 1954
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Out to launch.

Here'’s food for thought if you're interested in space exploration.

JPL is readying space vehicles for
launches even more spectacular than
Surveyor's soft landing on the Moon.
We've photographed the lunar surface;
we've photographed Mars; flown by
Venus and plan to make further explo-
ration of the planets.

Ambitious projects such as Mariner
'67, Mariner '69, and Voyager have
created across-the-board openings in

a wide variety of disciplines. Deep
space is a nice place to visit, but it
takes teamwork to get there. You can
join the JPL team and exchange ideas
with some of the finest minds in space
exploration, while helping to conquer
America's frontier of the future.

Are you JPl's kind of scientist or
engineer? Are you equally at home
with a slide rule or an idea? You'll live

in Southern California, where people
like you are making things happen.

If you're our man, JPL has plenty of
space for you. It's a good place to
launch your career. Send your complete
resume to:

JET PROPULSION LABORATORY

4802 Oak Grove Dr.,Pasadena, Cal. 91103
Attention: Personnel Department 11

"An equal opportunity employer." Jet Propulsion laboratory is operated by the California Institute of Technology for the National Aeronautics and Space Administration.
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Launch your
career at JPL

Increasing space exploration respon-
sibilities at JPLhave created opportunities
for talented engineers and scientists. If
you're our man, send your resume to JPL.

Senior Engineers and Scientists

Telecommunications — Development
of ground station systems for deep space
tracking and telemetry.
Development of spacecraft radio,
telemetry, and sensing radar systems.
Performance prediction analysis of
telemetry and radar systems.

Engineering Mechanics — Spacecraft
development in materials, structures,
electronic packaging, mechanisms and
mechanical integration of subsystems.

Space Power Engineers—For develop-
ment of thermoelectric and/or thermionic
power-conversion devices.

For design, development and per-
formance analysis of spacecraft battery
systems.

For development and flight support
of solar photovoltaic power sources.

Chemists with experience in batteries
and fuel cells.

For development of power converters,
inverters and regulators.

Systems—For design, analysis, test and
launch of complex spacecraft systems.

Also for the design of ground track-
ing data handling.

Systems Programmers — Design and
implementation of multicomputer

operations,
JET PROPULSION

@ LABORATORY

4802 Oak Grove Dr., Pasadena, California 91103
Attention: Personnel Department 11

“An equal opportunity employer." Jet Propulsion labora-
tory is operated by the California Institute of Technology
for the National Aeronautics and Space Administration,
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Diagram of a random shuffle of six cards

are some remarkable adventures inside
the tesseract and some unearthly views
through its windows before the house,
jarred by another earthquake, falls out
of our space altogether.

The notion that part of our uni-
verse might fall out of three-space is
not so crazy as it sounds. The emi-
nent American physicist J. A. Wheeler
has a perfectly respectable “dropout”
theory to explain the enormous ener-
gies that emanate from quasi-stellar
radio sources, or quasars. When a giant
star undergoes gravitational collapse,
perhaps a central mass is formed of
such incredible density that it puckers
space-time into a blister. If the curva-
ture is great enough, the blister could
pinch together at its neck and the mass
fall out of space-time, releasing energy
as it vanishes.

But back to hypercubes and one final
question that will also not be answered
next month because I do not know the
answer. How many different order-8
polycubes can be produced by unfold-
ing a hollow hypercube into three-
space?

Readers were asked last month to

determine the longest possible cycle
for a shuffle of 52 cards; that is, as-
suming that a shuffle pattern is repeated
exactly each time, what is the maxi-
mum number of iterations that can
be made before the deck returns to its
original order?

This is best answered by first con-
sidering the random shuffle of six cards
diagrammed above. Examine it closely
and you will see that it can be broken
into subsets, each with its individual
cycle. The card in position 3 goes to
position 3, and so it forms a subset of
one card with a cycle of 1. Cards 1 and
5 interchange, forming a subset of two
cards that return to their original posi-
tions after a two-shuffle cycle. Cards 2,
4 and 6 are in a subset that returns to
the initial order after three shuffles. We
thus have three cycles of lengths 1, 2

| and 3. It is obvious that the entire deck

of six cards will return to its initial order
after a number of shuffles equal to the
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LCM (lowest common multiple) of 1,
2 and 3, which is 6. All decks, when a
shuffle is iterated, subdivide into such
subsets, each of which has a cycle equal
to its number of cards. To find the long-
est cycle for an entire deck of n cards,
we test every possible partition of n into
subsets to see which partition gives sets
with the highest LCM. In the case of six
cards there are 11 different partitions:

11
2

L = DO DO =
DO = =

O = DO = QO b = DD b b
U = WM DN =

The subsets with the highest LCM’s
are the 1, 2, 3 set and the 6 set, both of
which have 6 as the LCM. We conclude
that no shuflle of six cards, exactly re-
peated, can have a cycle longer than 6
before the original order is restored.

A deck of 52 cards has so many dif-
ferent partitions that one must use
shortcuts to find those partitions whose
sets have the highest LCM. There is
not space to go into this here; I can
only refer the reader to W. H. H. Hud-
son’s article in the Educational Times
Reprints: Volume 11 (1865), page 105,
where the problem seems first to have
been solved. No partition of 52 has an
LCM higher than 180,180; therefore no
shuffle for 52 cards can have a cycle
longer than 180,180. An example of such
a partition is 1, 1, 1, 4, 5, 7, 9, 11, 13.
The reader should have no difficulty
diagramming a 52-card shuffle, with
subsets corresponding to the numbers in
the partition, that will not return a deck
to its original order until the shuffle has
been repeated 180,180 times.

Oct. 31 =Dec. 25 if “Oct” and
“Dec.” are taken as abbreviations for
the octal and decimal systems. The
number 31, in a system based on 8, is
written 25 in a system based on 10.
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Conducted by C. L. Stong

any experiments require the
joining of metal parts to form a

strong bond. In some cases the
parts can be soldered. If the joint is in-
tended for use inside an evacuated ves-
sel, however, the relatively high vapor
pressure of lead-tin solder cannot be
tolerated. There are also joints that must
carry loads beyond the breaking
strength of solder or that must operate
at temperatures above its melting point.

7 THE AMATEUR SCIENTIST

Tiwo devices for electric welding, one using

a carbon arc torch and the other a rattrap

Such bonds are most frequently made
by brazing or welding.

Brazing is essentially a form of solder-
ing. In brazing a comparatively infusible
alloy such as brass is substituted for the
conventional alloy used in soldering.
The brazing alloy must have a melting
point lower than that of the metal being
bonded but higher than the melting
point of solder.

Welds are made by fusing the metal
at the site of the bond. Generally the
process requires the addition of metal,
which must be the same as the metal
being bonded. Both brazing and weld-
ing are done at temperatures much high-
er than those developed by soldering
irons and blowtorches. Special torches
that attain the necessary temperatures

‘thumb knob
wooden handle (rubber instrument foot)

*6 flexible-
strand
cables

2" motion for
striking and
/ adjusting arc

L

6" copper
rods

% cored
,/ carbons

8" Transite guard
and safety rest

The ticin-electrode torch designed by Robert Cushman
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cost more than the average layman is
willing to spend in view of the limited
use he is likely to make of the equip-
ment.

The problem of cost appears to have
been solved by Robert Cushman of
Princeton Junction, N.J. He is a special-
ist in metal bonding. Cushman recently
improvised a torch in the form of an
electric arc. The device can weld steel
plates up to a quarter of an inch thick.
It can be made easily at home. Cushman
writes: “Although the twin-electrode arc
torch has been around for many years,
it has never received the attention it
merits. When properly used, it is aston-
ishingly effective.

“Essentially the device consists of a
pair of carbon rods that meet at an
angle of about 45 degrees. When the
carbons are supplied with an appropri-
ate electric current, touched together
momentarily and then separated, an
electric arc appears in the form of a V-
shaped flame that is much hotter than
the melting point of any metal. The car-
bons are supported by a pair of copper
rods clamped in a wooden handle [see
illustration at left]. The lower rod is
fixed in the handle; the upper one can
be moved in or out by a knob. Move-
ment of the rod facilitates striking and
adjusting the arc. By means of the
handle the arc can be manipulated
much like the flame of an oxyacetylene
torch.

“The arc operates on 120 volts at cur-
rents ranging from three to 60 amperes,
depending on the amount of heat
wanted. I use carbon electrodes as small
as 1/16 inch in diameter and as large
as 1/2 inch. The size depends on the
amount of heat needed and on the thick-
ness of the material to be bonded.

“Welding carbons differ from conven-
tional carbon electrodes in two respects.
First, they are coated with a film of cop-
per to minimize the change in resistance
that would otherwise result as the car-
bon burns away. Second, the center of
each electrode is filled with a core
of rare-earth material. The core tends
to sustain the arc during the portion of



each cycle when the voltage falls to
zero.

“The torch can be operated on either
alternating current or direct current.
When it is operated on direct current,
one electrode burns away more rapidly
than the other. Special welding carbons
are available from dealers in welding
supplies and from the larger mail-order
houses. They cost between 25 cents and
$1, depending on the size. The carbons
last for many hours of welding and so
are relatively inexpensive. Flux must be
applied in brazing or welding just as
in soldering. A can of general-purpose
flux should be bought along with the
electrodes.

“Power is supplied to the arc through
a network of eight resistors. Parts of the
network can be switched in and out of
the circuit for regulating the current.
The network consists of 1,000-watt
Nichrome heating elements, which are
available in most hardware stores. The
resistors are interconnected by toggle
switches rated at 10 amperes. One of
the switches is of the double-pole, dou-
ble-throw type. The others are of the
single-pole, single-throw type. Suitable
switches can be bought for about 60
cents each at radio supply houses.

“The switching scheme enables the
experimenter to connect two resistors in
series, use a single resistor or, in six
steps, progressively connect all eight re-
sistors in parallel. Current is thereby
controlled in steps ranging from three to
60 amperes. If the house wiring is fused
for a maximum of 15 amperes, all ex-
cept the first two resistors of the net-
work (and their companion switches)
can be eliminated. In such a case the
torch will be less useful, but it will still
find many applications that involve
metals up to about an eighth of an inch
in thickness.

“The resistance elements of the net-
work are supported by ceramic insula-
tors fixed to a base of Transite, which is
a stiff board of asbestos composition. It
is available from dealers in building
supplies. The ceramic insulators, known
as nail-and-knob insulators, can be
bought from dealers in electrical sup-
plies. The nail and the leather washer
that come with the insulator are re-
placed by a machine screw and a spring
washer. The toggle switches are also
mounted on the Transite base [see illus-
tration on next page].

“Electrical connections between the
heating elements and the switches are
best made by straightening a few turns
of the coiled wire at the ends and twist-
ing the ends together. Additional

connecting wire can be obtained by
straightening an extra heating element.
A stud bolt equipped with seven pairs
of nuts can be used as a bus bar for in-
terconnecting the common end of all
heating elements. Clamp between the
nuts the leads to be connected. Do not
use copper wire for interconnecting the
unit. Copper will oxidize rapidly at the
temperature reached by the heating ele-
ments.

“The Transite base rests at the sides
on brackets of angle iron attached every
six inches by machine screws. A cover
of perforated steel or expanded metal
that shields the heating elements can
be attached to the angle brackets. The
angle brackets should be joined on the
bottom by two or more lengths of strap
iron. The installation of the strap iron
gives you an excellent opportunity to
make your first braze. The completed
metalwork should be connected elec-
trically to the grounded lead of the
torch.

“An electrical outlet of the ‘mogul’
type, rated at 60 amperes, should be
installed near the location at which
the welder will be used. Identify the
grounded lead of the power line and
make sure the polarized plug of the
welder is connected so that the upper
electrode of the torch is at ground po-
tential. It is possible, of course, to con-
nect the apparatus directly to the main
circuit of the fuse box by means of
storage-battery clips, thus avoiding the
expense of installing the special outlet.
The reader is advised against adopting
this expedient, which is not only haz-
ardous but also illegal in most commu-
nities.

“Because the arc emits intense radia-
tion in both the ultraviolet and the
infrared portions of the spectrum, a
protective face mask fitted with dark
glasses must be worn. Moreover, the ex-
perimenter must protect his skin with
opaque covering. Neglect of these pre-
cautions invites radiation burns. Face
masks designed for arc welding cost
about $10. An adequate mask can be
made of fiberboard and equipped with
welding goggles of dark glass. The
goggles cost $3.50.

“The selection of carbon electrodes
and the optimum current for a given job
of welding or brazing must be deter-
mined by experiment. In general elec-
trodes 1/8 inch in diameter operated at
a current of three to five amperes are
appropriate for joining wires up to 1/16
inch in diameter and for bonding even
smaller wires to metallic foils. Steel
plates 1/4 inch in diameter require 1/2-
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inch electrodes and a current of 60
amperes.

“The operating procedure is simple.
Set the switches for a current of 15
amperes. Check to make sure your
clothing is buttoned, then don the face
mask and a pair of gloves that cover
your wrists. Move the electrodes to-
gether slowly, by means of the slide
button, until the tips just touch. After
one or two seconds a glow will appear
at the point of contact. When the glow
is well developed, slowly move the elec-
trodes apart about a sixteenth of an inch
and let the arc operate for five seconds.
The electrode separation should then be
increased until the arc emits a soft hum.
Normally the sound will develop at a
separation of about a quarter of an inch.

“The heat generated by the arc in-
creases with its length. This is a desir-
able characteristic not shared by most

arc-welding equipment. The arc starts
easily and is stable in operation. Both
characteristics derive from the substitu-
tion of resistors for the special trans-
former commonly used in welding
equipment of other types. Because re-
sistors are used for limiting the current,
full-line voltage exists across the elec-
trodes at the moment the arc is struck.
Once the arc has become established,
the current can be increased or de-
creased by operating the switches. Usu-
ally the arc cannot be struck unless the
switches are set for a current of about
15 amperes.

“Welding is an art and its mastery
comes only with practice. Beginners will
doubtless discover that the most suc-
cessful initial bonds are made by braz-
ing. I find brazing at least 100 times
easier than welding. Moreover, a good
braze is usually far stronger than a
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poor weld. In general when two parts
are welded, at least one of the metals
must be heated to its melting point,
whereas in brazing neither part need
be heated to more than a few hundred
degrees below its melting point. The
brazing alloys become fluid at these
temperatures and form smooth joints
with a pleasing appearance, much like
a conventional solder connection. The
parts to be brazed, as well as the braz-
ing alloy, must be coated with an ap-
propriate flux. The brazing temperature
is not particularly critical.

“In contrast, any perceptible varia-
tion from optimum temperature in the
case of a weld results in either a poor
bond or damage to the metals that are
being joined. The artisan must create a
pool of molten material bounded by the
solid metal. The material must reach the
fluid state or a poor bond results. On the
other hand, if all the metal becomes
molten, the material lows out of control
and the work is damaged. For this rea-
son thick pieces are much simpler to
weld than thin ones. Before attempting
to weld thin wires and foils the begin-
ner should consult one of the references
listed in the bibliography [page 160].

“The resistance network can also be
used for making bonds by means of a
single metal electrode. In this method
of welding the arc is struck between the
electrode and the workpiece, which has
been connected to the grounded lead. I
do not recommend the technique, par-
ticularly for beginners.

“A tool of the suggested design can
be assembled for about $30, a modest
figure compared with the cost of com-
mercial welders of equal performance.
On the other hand, the apparatus is
grossly inefficient in its consumption of
power. At least 50 percent of the energy
is lost in heating the resistors, compared
with about 5 percent in commercial
equipment that uses transformers and
inductors for limiting the current. Power
is cheap, however. At the rate at which
the average amateur makes welds a life-
time of use would be required for the
low efficiency to offset the saving in first
cost.”

Experimenters often have occasion to
bond wires and sheet metal less
than .040 inch thick, particularly when
making electrode assemblies for use in
gas-discharge tubes and similar appara-
tus. With practice such welds can be
made in a matter of minutes using the
apparatus described by Cushman. A
spot-welding machine can join thin ma-
terials in seconds and its operation



makes little demand on craftsmanship.
The parts to be joined are first clamped
between a pair of copper jaws. An elec-
tric current is passed through the small
area where the pieces make contact.
The zone of contact acts as an elec-
trical resistance that converts the cur-
rent into heat. The heat melts the sur-
faces. They fuse, forming the bond. A
successful bond results only when the
proper amount of current is applied for
a proper interval to surfaces of proper
resistance. The spot-welding machine is
designed to take these three variables
into account.

The editor of this department impro-
vised a satisfactory spot-welder about
a year ago, largely from the contents
of his scrap box. My improvisation
made use of such items as an old rat-
trap, a knife switch and a hinge from
a barn door. The essential component
consists of a set of four electrolytic
capacitors connected in parallel by
copper bars. They are also connected
to a pair of copper jaws by flexible
storage-battery cable of the kind used
in automobiles. A quick-acting knife
switch closes the circuit automatically
when the metal parts to be welded have
been clamped between the jaws. The
charged capacitors send a pulsed cur-
rent through the jaws; the current
makes the weld. Accessory components
include circuits for charging the capaci-
tors with an appropriate amount of
energy and for the operation of the
jaws and switch.

Spot-welders of this type were made
possible by the development of elec-
trolytic capacitors. The energy stored
by a capacitor is equal (in watt-seconds)
to half the product of the capacity
in farads multiplied by the square of
the voltage to which the capacitor is
charged. When connected in parallel,
the four electrolytic capacitors of my
unit total 6,800 microfarads, or .0068
farad. They can be charged to a maxi-
mum potential of 180 volts. At this po-
tential the stored energy amounts to
180 x 180 x .0068/2, or 100 watt-sec-
onds. I bought the capacitors from
Barry Electronics Mail Order Corpora-
tion, 512 Broadway, New York, N.Y.
10012. They cost $2.25 each. Capaci-
tors with different voltage and capaci-
tance ratings can be substituted if they
are capable of storing about 100 watt-
seconds of energy.

The welding fixture consists of a pair
of threaded copper rods supported in
vertical alignment by the hinge and a
wooden base [see top illustration at
right]. When the hinge is lowered, the
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The man
1n the
laboratory

He is mortal — like other men. He
lives, laughs, loafs and loves like
other men.

But he is distinguished from others
by the use he makes of his mind.
He may not view himself as trying
to bring order out of chaos —and
forever discovering new chaos to
replace the old. But that is what
he does.

He is perverse and discontented.
And out of the full measure of his
discontent arise his greatest
achievements. He is at war with
what he loves most—Nature. He is
a dreamer—but one who is not con-
tent with a dream.

From out of the fantasy of ideas and
whirling atoms he seizes something
not yet real, but which holds a
promise of fulfillment. Under his
sensitive hand gases condense,
liquids congeal, currents start to
flow, and an idea takes physical
form.

He is an explorer, a discoverer.
Where he leads, the world will some-
day follow. Mankind will travel his
lonely uncharted path to new realms
of peace and happiness.

Are you such a man? There are
many like you at Battelle who would
welcome your contributions to the
challenges which research cease-
lessly presents. Write to Mr. L. G.
Hill, Battelle Memorial Institute,
505 King Avenue, Columbus, Ohio
43201.
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tips of the copper rods meet and clamp
the metal to be joined. The hinge is
operated by a treadle that applies force
on the workpieces through a spring.
The amount of force can be adjusted by
altering the position of a nut that con-
trols the compression of the spring and
also by substituting weaker or stronger
springs. The electrical resistance of the
contact between the workpieces to be
joined varies with the applied pressure.
Hence the adjustment of the spring
partly determines the extent to which
the current will heat the metal. At the
lower limit of its travel the treadle
activates a small switch. This switch in
turn trips a knife switch that discharges
the capacitors. In this way the operator
can use both hands to manipulate the
pieces to be welded.

The knife switch must be closed
quickly to prevent the blade from weld-
ing to its seat at the point of initial con-
tact. Any fast-acting device can be used

to vacuum
system

aluminum
tube

diclectric
MIrrors

Carl Fromer’s device for
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spot-icelder

to close the blade. I used a rattrap that
is tripped by a solenoid [see Dbottom
illustration on preceding page]. Al-
though resetting the trap is inconve-
nient, the alternative is to pay about $65
for a quick-acting, automatically reset-
ting contactor of the kind used in com-
mercial spot-welders. The rattrap gad-
get can be built for less than $5.

The temperature developed in the
weld is determined in part by the
amount of stored energy; this quantity
depends in turn on the voltage to which
the capacitors are charged. The voltage
can be varied as desired by inserting
either a potentiometer or a variable-
voltage transformer in the circuit ahead
of the diode that provides direct current
for charging the capacitors. All diodes
can be IN1763 or the equivalent. The
solenoid is a Guardian Type 11 that
operates on 24 volts (direct current) and
develops a pull of 21 ounces. This unit
is available from Allied Radio, 100

high-voltage

Z+—__ connection

high-voltage
~~__ connection
P

/
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cleaning laser mirrors



North Western Avenue, Chicago, Ill.
60680, as are equivalent solenoids that
operate directly on 120 volts (alternating
current). To minimize the hazard of ac-
cidental shock an isolation transformer
was inserted between the power line
and the power supply. Equivalent isola-
tion can be provided inexpensively by
interconnecting the secondary windings
of two filament transformers and using
the primary winding of one as the input
and the primary winding of the other
as the output.

The optimum force with which to
clamp the parts to be welded and the
optimum voltage to which the capaci-
tors should be charged must be deter-
mined experimentally for each kind and
size of weld. In general both the clamp-
ing force and the voltage increase with
the size of the weld. A record should be
made of the proper settings established
for each kind of weld. The record will
serve as a rough guide to the best trial
settings for similar welds.

Curl Fromer, a high school student in
Staten Island, N.Y., has hit on an
effective method of cleaning the soft-
coated dielectric mirrors used in con-
tinuous lasers of the helium-neon type.
The coatings accumulate a film of grime
after some weeks of exposure to the air.
The film seriously reduces their reflec-
tivity. Any chemical treatment that dis-
solves the grime destroys the coatings.

Fromer removes the grime by elec-
tronic bombardment. He inserts the
soiled mirrors face up in a simple gas-
discharge tube, exhausts the tube to a
pressure of about one torr, backfills with
argon or with a 7:1 helium-neon mix-
ture to a pressure of 10 torr and oper-
ates the tube for one minute at a cur-
rent of 60 milliamperes [see botiom
illustration on opposite page]. The mir-
rors emerge looking like new.

In addition to grime, the coatings are
vulnerable to moisture. Hence the mir-
rors should be stored in a dry place. A
good place is an airtight four-ounce jar.
Put an ounce of anhydrous calcium sul-
fate on the bottom and then add a layer
of absorbent cotton.

Sam Epstein of Los Angeles, who de-

signed the spectrograph described
in this department in September, calls
attention to the fact that the instrument
was designed for a diffraction grating
with a focal length of 53 centimeters.
If a grating of differing focal length is
substituted, appropriate changes must
be made in the dimensions of the instru-
ment.
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A selection of products available by mail for readers of Scientific American
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GIFTS!

3" ASTRONOMICAL
TELESCOPE

See stars, moon, phases of Venus,
planets Llosc up. 60 to 180 power
—famou Mt. Palomar reflecting

ype. Alummlzed & overcoated 3”7
dlamcterf/]() primary mirror, ven-
tilated cell. Equipped with 60X
eyepiece and mounted 3X finder
scope, llardwood trlpod ‘REE:

‘STA CHART
“HA\'I)BOOK OF HEAV
“HOW TO USE YOUR TELE-:
SCOPE"’ book. $29.95 Ppd. Order
Stock No. 85,050-S. Edmund
Scientific Co., Barrington, N.J.
08007.

RO
N B Wy

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 m‘oh-
lems. Order yours now. $3.00 Ppd
Order Stock No. 70,205-S. Ed-
mund Scientific Lompany, Bar-
rington, New Jersey 08007.

e

NEW MODEL DIGITAL
COMPUTER

Solve problems, tell fortunes, play
games with miniature version of
giant electronic brains! Adds. sub-
tracts, multiplies, shifts. comple-
ments, carries, memorizes. Colored
gla%tw parts casily assembled. 127X
. Incld. step-by-step as-
seml)ly dlagrams 32-p. instruction
book covering operation, computer
language (binary system) pro-
gramming, problems & 15 experi-
ments. $5.98 Ppd. Order sStock
#70,683-S. Edmund Scientific Co.,
Barrington, N.J. 08007.

GIANT
FREE CATALOG

Completely new 1967 Catalog. 148
pages packed with nearly 4,000
unusual bargains. Exciting new
categories. Many new items. 100's
of charts, illustrations. Many hard-
to-get war surplus bargains.
Enormous selection of telescopes,
microscopes, binoculars, magnets,
magnifiers, prisms, photo compo-
nents, etc. For hobbyists, experi-
menters, workshops, factories.
Shop by mail. No salesman will
call. Write for Catalog *“S” to Ed-
mund Scientific Co., Barrington,
N. J. 08007.

GIANT
SURPLUS BALLOONS

“Balls of fun” for Kkids, 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
black rubber. Inflate with vacuum
cleaner or auto air hose; or locally
available helium for high rise. 8’
diam. $2.00 Ppd. Order Stock No.
60,568-S. Edmund Scientific Co.,
Barrmgton N.J. 08007.

N

“a

JUNIOR ROCKET AND
SPACE CAPSULE

Parachute-equim)ed Rocket and
Space Capsule soar to 600 ft., then
with 2 parachutes float to oarth
Fully controlled—11 time delays
to choose from. Launch again and
again. No chemicals, explosives.
Extra strong rubber sling pro-
vides power. Capsule and para-
chute, rocket body and parachute,
launchmg pad sling and instruc-
50 Ppd. Order Stock No
70,84 Edmund Scientific Co., N
Barrmgton New Jersey 08007.

SCIENCE
TREASURE CHESTS
Hundreds of thrilling experiments
plus a Ten Lens Kit to make tele-
scopes, microscopes, etc. Incl.:
extra powerful magnets, polaru-
ing filters,
mirror film,

many other items. $5

Order Stock No. 70, '342 5. Deluxe
Chest: Above plus crystal growing
kit, electric motor, molecular set,
and lots more. $10.50 0 Ppd. Order
Stock  No. 70,343-S. Edmund
Scientific Co., Barrington, New
Jersey 08007.

WFF'N PROOF—
GAMES OF LOGIC

Practice abstract thinking and
math logic. Developed by Yale
prof. If you think learning should
be fun, try WFF'N PROOF
brain-to-brain combat! 21 games
of progressive ditficulty. Starts
with simple games mastered by
6-year-olds, ends with subtle
logic for challenge to professional
logicians. 8 14” x 534 ” case contains
logic cubes, 1vlaymg mats, timer &
224-p. book. $6 Ppd. Order Stock
No. 60,525-5S. Ldmund Scientific
Co., Barrington, N.J. 08007.
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NEW POPULAR SCIENCE
FUN CHEST

Here are Edmund’'s 9 top selling
science toys and curiosities in one
fascinating low-cost package.
Hours of fun. Bargains galore.
Perfect gift item. Incl.: Radio-
meter; Bobbing Bird; Mercury
Puzzle; Ceramic ‘\lagn(‘ts Burn-

g Glass; Magnetic Dog &
splnnmg Ball Diffraction Grat-
ing; Pik-up ng, Booklet ‘As-
tronomy and $5.50 Ppd.
Order Stock \0 70 787-S. Ed-
mund_Scientific Co., Barrington,
New Jersey 08007.

STUDENTS’ ANALOG
COMPUTER KIT

Demonstrates basic analog com-
puting principles. Can be used for
multiplication, (llvlslon, powers,
roots, log operations, trig prob-
lems, physics formulae, electricity
and magnetism probloms Oper-
ates on two flashlight batteries.
Electric motor and 3 potentiom-
eters mounted on die-cut box.
Answer indicated on dial. 207
long, 9”7 wide, 2” deep. $14.95
Ppd. Order Stock No. 70,341-S.
Edmund Scientific Co., Barring-
ton, New Jersey 08007.
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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
bhuild range in value from $75
hundreds of dollars. 414" (llam
37 thick, $8.00 Ppd.—Order
#7() 003-S; 6” diam., 1”7 thick,
$12.95 1’1)(1 —#70,004-; S 8” diam.,
13%” thick, $21.00 Ppd. —#70 0052
S5 107 diam., 13{” thick, $34.25
FOB—#70,006- S. Edmund Scien-
titic Co., Barrington, New Jersey
08007.

CAR OF THE FUTURE

HERE NOW!

One of most impressive science
toys we've scen. 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”7 deep, 2” high
with 4” 1)r0pl>llor Operates on 2
ﬂashllght batteries (not .

control line, battery case.
“SZ 98 Ppd. Order #70,307-S. Ed-
mund Scientific Co., Barrington,
New Jersey 08007.
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Frontiers of
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Reseaarch

JOHN 8 SHELTON

(Geology Hlustrated

AN ESSAY IN THE

Population
volution
Birth Control
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¥y Baved Rpwtons.

GARRETT MARDIN

Frontiers of Psychological
Research
SCIENTIFIC

READINGS FROM AMERICAN

Selected and Introduced by STANLEY
COOPERSMITH, University of Cali-
fornia, Davis

Professor Coopersmith has selected,
organized, and introduced some 44
of the best articles that have appeared
in SCIENTIFIC AMERICAN to provide
the reader with a representative view
of the major spearheads of research
in psychology.

1966, 269 illustrations, 96 in color,
814" x 117, $10.00

The Language of Nature

AN ESSAY IN THE

PHILOSOPHY OF SCIENCE

DAVID HAWKINS, University of
Colorado

A writer versed in both science and
philosophy examines a wide range of
scientific topics and leads the reader
in a search for unifying ideas among
them.

1964, illustrated, $7 .50

FROM YOUR
BOOKSELLER OR FROM
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The Living Cell

SCIENTIFIC
READINGS FROM AMERICAN

With Introductions by DONALD
KENNEDY, Stanford University

A coherent and up-to-date summary
of our knowledge about the funda-
mental unit of life is presented in this
handsome and colorful volume.
1965, 314 illustrations, 12 in full
color, 8%" x 117, $10.00

Population, Evolution
and Birth Control

A COLLAGE OF

CONTROVERSIAL READINGS

Edited by GARRETT HARDIN, Uni-
versity of California, Santa Barbara
The editor has drawn together more
than 100 articles, reviews, and criti-
cisms that he considers to be the most
effective published statements made
in support of, and in opposition to,
the issues involved in this most press-
ing social problem, the population
problem.

1964, $4.50

W.H. FREEMAN AND COMPANY
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12 BOOKS IN

Geology Illustrated

JOHN S. SHELTON, formerly Asso-
ciate Professor of Geology at Pomona
College. Drawings by Hal Shelton
Addressed to thoughtful and observ-
ant people who enjoy the outdoors,
this handsome volume is a serious,
yet elementary, introduction to geo-
logic principles based on an un-
rivaled sequence of photographs.
1966, 382 illustrations, both photo-
graphs and drawings, 8%" x 10%;",
$10.00

World-Antiworlds:
Antimatter in Cosmology
HANNES ALFVEN, Royal Institute
of Technology, Stockholm

Written by a leading physicist for
readers without any special training
in physics or astronomy, this book is
the first presentation for a general
audience of a new theory of the uni-
verse based on the assumption that
matter and antimatter exist in the
universe in equal quantities.

1966, illustrated, $3.50
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Spacetime Physics

Of Scientists

and Salamanders
1 Il

SCIENCE FROM

Spacetime Physics

EDWIN F. TAYLOR, Massachusetts
Institute of Technology, and

JOHN ARCHIBALD WHEELER,
Princeton University

The authors employ many pedagogi-
cal tools—including parables, dia-
grams, marginal notations and fig-
ures, and more than 100 provocative,
original problems—to help the reader
develop the special kind of intuition
that is the basis of a true understand-
ing of relativity.

1966, 141 illustrations, $4.75

Of Scientists and
Salamanders

VICTOR CHANDLER TWITTY,
Stanford University

Here is the engrossing —and some-
times surprising —answer of a dis-
tinguished biologist to the question
of what it is like to spend a lifetime
in scientific research. No less, the
book is an account of the major role
the salamander has played as an
experimental animal in several ex-
tremely important developments in
biology.

1966, 57 illustrations, $4.50

Linus
Pauling

Roger
Hayward

|

Information

tidl

Information

SCIENTIFIC
AMERICAN BOOK

This book contains all of the articles
and many of the illustrations from
the September 1966 issue of SCIEN-
TIFIC AMERICAN, which was devoted
to a comprehensive review of the ex-
traordinary new technology of Infor-
mation.

1966, illustrated, $5.00

Photography for Scientific
Publication, A HANDBOOK
ALFRED A. BLAKER, Principal Pho-
tographer, Scientific Photographic
Laboratory, University of California,
Berkeley

Drawing upon a broad experience,
the author provides a guide in solv-
ing many of the technical problems
encountered in making photographs
for scientific purposes, including sug-
gestions for photographing specific
subjects.

1965, 55 illustrations, 5 in full color,
$8.00

FREEMAN

The Architecture of
Molecules

LINUS PAULING and

ROGER HAYWARD

By means of 57 plates in full color,
drawn by Roger Hayward, and a fac-
ing page of text for each plate by
Nobel laureate Linus Pauling, this
remarkable book gives the reader a
three-dimensional view of some of
the strangely beautiful ways in which
atoms combine to form molecules and
crystals.

1964, 57 plates in full color, 7%" x
10", $10.00

The Strategy of Life

CLIFFORD GROBSTEIN, University
of California, San Diego

Anyone who has tried to keep up
with the astonishing advances made
in the life sciences during the past
several years will welcome this com-
pact book, which contains an overall
view of the present body of biological
knowledge.

1965, tllustrated, $3.50
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Take 3 books for only$423 -
(values to $50.75)
when you enroll as a member of

The Library of Science

e Choose Any 3 Books for $4.95.
Choose from these authoritative, signifi-
cant books on every major area of science
and technology, including mathematics,
physics, chemistry, astronomy, computer
science, natural history, many others.
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1. MODERN SCIENCE AND TECHNOLOGY
A vast spectrum of the achievements in modern physics,
mathematics, computer technology, electronics, chem-
istry, astronomy, and space sciences, by distinguished
leaders in each field. 584 illustrations. Double-column

Many are indispensable references in the

field.

o Introductory Offer. This unusual of-
fer will introduce you to the benefits of
membership in THE LIBRARY OF SCI-
ENCE, a professional, highly selective

source of the best scientific reading.

e Substantial Savings. As a member,
you save up to 40% on the books you
must have in your professional library.

e Wide Range of Selections. Each
month you receive information about
current Selections. Yet you need buy as
few as 3 more Selections during the next
12 months. And you receive a FREE
Bonus Book of your choice for every 4

Selections purchased.

e Why Not Enroll Today? Fill in and
return the Membership Application be-
low, indicating the 3 books you want for
only $4.95.Your books will be sent with-

The Library of Science L75-U
59 Fourth Avenue/New York 10003

Please enroll me as a member and send me at
once the 3 Selections circled below, for which
you will bill me only $4.95, plus postage. As a
member, I need take as few as 3 more Selec-
tions during the next 12 months, always at
reduced Member’s prices. I will receive a free
Bonus Book of my choice after every fourth
Selection.

1 2 3 4 5 6 7 8

pages. 8v2" x 11",

List price $22.50

2. FAMOUS PROBLEMS OF MATHEMATICS.
Heinrich Tietze. A stunning analysis of
some of the most profound problems in the
history of mathematics. Includes Fermat’s
last problem, the four-color map problem,
many others. List price $10.00.

3. WATCHERS OF THE SKIES. Willy Ley. The
popular science writer’s splendid informal
history of astronomy. “If there is a royal
road to the understanding of unmathemati-
cal astronomy, it is this lucid book.”"—Ger-
ald Wendt. List price $8.50.

4. THE NATURE OF THE CHEMICAL BOND.
Linus Pauling. Revised, enlarged edifion of
the celebrated work that conveys the scope,
fascination, and power of the field of struc-
tural chemistry. List price $8.95.

5. INTRODUCTION TO COMPUTING. T. E. Hull.
The most useful new guide to the principles
and applications of computing. Explains
algorithms, stored-program computers, pro-
gramming techmques etc. Diagrams and
charts. List price $9.25.

6. APPLIED BOOLEAN ALGEBRA. Franz E.

7. THE SEX LIFE OF THE ANIMALS. Herbert
Wendt. Astonishing book on the vast and
often incredible processes of reproduction
in the animal world—from the amoeba to
the elephant. With over 100 striking photo-
graphs and drawings. List price $7.95.

8. THE ARCHITECTURE OF MOLECULES. Linus
Pauling. The distinguished Nobel Prize win-
ner’s exceptionally clear exploration of the
world of electronic structure. With 57 full-
page drawings in color by Scientific Ameri-
can illustrator Roger Hayward. List price

310.00

9. MATHEMATICS DICTIONARY. Edited by

10. TOPICS IN MODERN MATHEMATICS. How-
ard M. Nahikian. An ideal introduction to
—as well as a challenging refresher in—ex-
citing and basic mathematical concepts: sets
and subsets, Boolean algebra, probability,
vector spaces, matrices, etc. List price $7.50.

11. 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 of its origins.
Many remarkable maps, diagrams, drawings -
and photographs. List price $12.50.

12. LASER PHYSICS. Bela A. Lengyel Com-
plete overview of one of this century’s most
striking mventlons—the laser—and its many
applications. “An important tool for further
exciting laser developments.”—Charles H.
Townes. List price $8.95.

13. PROBABILITY THEORY AND ITS APPLICA-
TIONS. William Feller. The single most im-
portant introduction to probability theory

L and its basic concepts. Extensively illus-

out delay. ggﬁl" S’g‘g%‘gg‘%m‘:gx&‘tﬁf t%dll;g):le(;ﬁtz?le- trated with problems in recurring events

gebray and its applications, particularly to theory, stochastic p}r‘ocesszg, self.-rene;vn%g

= Memhershlp comput7er and switching circuit design. List aggregates, many others. List price $9.75.
Application price §7.95.

14. THE MACHINERY OF LIFE. Dean E. Wool-
dridge. A leading scientist’s startling but
fully documented thesis that the develop-
ment of life was an inevitable result of the
operations of the laws of physics. List
price $7.95.

15. MATHEMATICS FOR THE PHYSICAL SCI-
ENCES. Herbert S. Wilf. Seven major math-
ematical disciplines central to the physical
sciences are integrated in this unique book.
Covers each discipline from theory to com-
putational techniques. List price $7.95.

9 10 11 12 13 14 15 16 Glenn & R. C. James. This indispensable ~ 16. HUMAN BEHAVIOR. Bernard Berelson &
dictionary in the field defines over 7,000 Gary Steiner. The famous “inventory” of
N terms, concepts, and relationships. With  scientific findings about how man behaves.
ame four-language index of basic terms. Revised, 1,045 substantiated facts on polmcs educa-
enlarged edition. List price $15.00. tion, sex, religion, etc. List price $13.25.
Address__ S
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by Harlow Shapley

ExPLORER OF THE UNIVERSE: A B1oGRa-
pHY OF GEORGE ELLErRY HaLE, by
Helen Wright. E. P. Dutton & Co.,
Inc. ($10).

eorge Ellery Hale, whose name is

‘ perhaps best known to a younger
generation in its association with

the 200-inch Hale telescope on Palomar
Mountain, was a great organizer of
American science. He had a full life—
full of triumphs and also of illness and
frustration. In writing the story of Hale’s
origins, career and bequest to posterity
Helen Wright has richly served her fel-
low astronomers. No one else could have
done so well. Her account preserves an
admirable balance in presenting Hale
not only as a doer but also as a dreamer.

Hale was born in Chicago in 1868.
His family was idealistic and decently
ambitious. His father, a manufacturer,
was well-to-do but not rich. Both his
tather and his mother recognized early
that their son was highly talented. Other
members of the family were also im-
pressed with him. His younger brother
William and younger sister Martha were
his happy slaves.

It is of interest to speculate on which
of Hale’s many outstanding contribu-
tions will be most enduring in the years
to come. To the scientifically minded
public it may be the 200-inch telescope
or the California Institute of Technol-
ogy, the formation and growth of which
Hale guided over many years. One
might choose the 40-inch telescope
at the Yerkes Observatory, the largest
telescope of its time and still the largest
refractor. But if we limit our apprecia-
tion to instruments, we must put at the
top of the list the rich equipment on
Mount Wilson: the solar telescopes that
for many years have dominated research
on the sun, and the superb reflectors
that for half a century have made his-
tory in the study of stars and galaxies.

Several of us who worked on Mount

BOOKS

George LEllery Hale, the master

promoter of American astronomy

Wilson in the days before the 100-inch
reflector was built earnestly believed the
two most effective instrumental inter-
preters of the universe had been Gali-
leo’s “optic tube” and the Mount Wilson
60-inch reflector. Discoveries to be
credited to Galileo’s instruments are the
moons of Jupiter, the resolution of the
Milky Way into stars and the fact that
Venus has phases like the moon’s. Cred-
ited to the 60-inch on Mount Wilson are
many revelations about the larger uni-
verse, including the period-luminosity
relation of pulsating stars and numerous
facts about the structure of the galaxy.

Several ingenious colleagues devel-
oped and used the Mount Wilson tele-
scopes, but Hale for many years sup-
plied a major part of the driving inspira-
tion. The series of four epoch-making
telescopes (the 40-inch, the 60-inch, the
100-inch and the 200-inch) was pre-
ceded by Hale’s private refractor in
Chicago (“a childhood adventure”),
and that was preceded by various astro-
nomical cameras at the Harvard Observ-
atory. These he was privileged to use
while he was an undergraduate at the
Massachusetts Institute of Technology.

Hale’s skill in promoting the construc-
tion of instruments was matched by his
skill in organizing scientific institutions.
We are largely indebted to him for the
National Research Council, The Pro-
ceedings of the National Academy of
Sciences, The Astrophysical Journal and
the International Astronomical Union.
How could he find time for so much?
And for his family, to which he was de-
voted? Perhaps personal efficiency is the
inadequate answer.

Half a dozen obituary accounts have
been written about Hale since his death
in 1938, and Miss Wright's excellent
biography covers the highlights of his
career. I should enjoy adding to her ac-
count some personal recollections. They
should assist in interpreting the tem-
peramental life of this very human and
admirable American.

As a typically ambitious young scien-
tist I decided early in my university
career to make the Mount Wilson Ob-
servatory my goal. My teachers at the
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University of Missouri and at Princeton
agreed that research rather than college
teaching was something to which I
could hopefully aspire. That meant turn-
ing my attention toward the California
observatories. While at Princeton I had
done my graduate work on eclipsing
double stars, and under the guidance of
Henry Norris Russell I had published a
few small papers. Soon I could pretend
to competence in the field and was re-
warded with a doctor’s degree. Russell
and Frederick Seares suggested that I
try for Mount Wilson, and toward that
end Seares arranged a breakfast meeting
at the Commodore Hotel in New York.
Both he and Hale would be stopping
there on the way to Europe.

Needless to say, this was for me an
exciting moment. To be sure of being
alert for the confrontation, I went up to
New York from Princeton the night be-
fore the interview. I prepared further
by going to the opera—to hear Caruso
in Pagliacci.

In the morning, nervous and stuffed
with lore on eclipsing binaries, I faced
the great and genial George Ellery Hale.
I was expecting to give him a modest
glimpse of my wit and wisdom in mat-
ters astronomical. Hale told a story or
two, and was interested to hear that I
had gone to a favorite opera of his. Not
a word did he say of astronomy. There
was no exploration of my stellar tastes,
of my binary theories or of my arith-
metic.

“I must go now,” he said, and without
further conversation departed for a
Cunard pier. I was dismayed. All that
preparation and my only return was
some scrambled eggs. I asked Seares
what it all meant. He only smiled at my
discomfiture. In a few days, however, a
letter came saying that the job was
mine. It had even been mailed in New
York. I resolved then that if and when
my time came to employ others, I
should not be cruel and quiz them about
Pagliacci.

Miss Wright describes Hale’s wide
interests: Egyptology, astrophysics, mu-
sic, education, philanthropy. She tells
how keenly he regretted the fact that
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INTELLIGENT LIFE IN THE UNIVERSE

1. S. Shklovskii, Sternberg Astronomical Institute,
Soviet Academy of Sciences, and Carl Sagan,
Harvard University and Smithsonian Astrophysical
Observatory. Authorized translation by Paula Fern

“Fascinating . .. This joint product has co-
herence and a smoothly flowing style ... Dr.
Sagan is particularly adept at explaining
scientific concepts for laymen...informa-
tive and entertaining. .. In concept, scope,
and execution, the book is as big as its sub-
ject.”

—THE CHRISTIAN SCIENCE MONITOR

‘... a unique collaboration-by-mail between
two distinguished astronomers . .."”
—NEWSWEEK

‘... careful scientific argument laced with a
dash of speculation. It is a heady mixture
... Sagan and Shklovskii have explored, with
great verve and absorbing detail, what could
lie outside us.”

—John Davy, THE OBSERVER (LONDON)

“] doubt that any other authors in the world
could have done as fine a job with this sub-

ject.”
—Frank Drake, Director, Arecibo
lonospheric Observatory and former
Director, PROJECT 0ZMA

“Imaginative, comprehensive, and generally
sound scientifically.”

—Fred L. Whipple, Director,

Smithsonian Astrophysical

Observatory and Professor

of Astronomy, Harvard University

“It is high time for a serious study of the
possibilities of intelligence elsewhere . . .
The group of subjects taken up . .. is second
to none in importance, and is of especial
relevance to our space age.”
—H. J. Muller, Nobel Laureate, and
Distinguished Service Professor of
Zoology, Indiana University

528 pages, over 140 illustrations. (SEPTEMBER
1966) $8.95

Available now at your bookstore, or write to:

] Holden-Day, Inc.

500 Sansome St., San Francisco, Calif. 94111
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his activities were limited by his health;
throughout his life he suffered from
stomach trouble and back pain, per-
haps resulting from his highly anx-
ious and nervous nature. In the seven
years of my association with the Mount
Wilson Observatory I had fewer than a
dozen interviews with him. Ferdinand
Ellerman, Seares, Walter Adams and
Adrian van Maanen were his natural
associates in later years. His health
could not stand the pressure of scientific
arguments, so we regretfully spared
him. One day, however, he asked that
I come and do him a service.

“You know all the young men at the
observatory. Perhaps you would know
if any are in financial distress. I should
like to help them, but anonymously.”
Soon I was able to write him that one
able youngster needed emergency help
or he would have to drop out. Condi-
tions promptly altered for that young
man. He is now a member of the Na-
tional Academy of Sciences and has
received national awards. I never knew
how much he had been helped. T do
know, however, how much someone
else was helped. Some years later Hale
arranged a  public debate between
Heber D. Curtis and me on the scale of
the universe. I needed money to travel
from California to Washington for the
debate, and in my mail was an anony-
mous $200.

Hale liked to be considered an ama-
teur, which indeed he was if we use the
term literally—a lover of his subject. He
believed we should recognize popular
astronomy and its devotees. He once
asked me to go with him to Oceanside,
or some similar watering place down
San Diego way, to meet with another
believer in popular science, namely E.
W. Scripps, the important newspaper
tycoon. Scripps announced that he
would like to establish an institution for
the popularization of current scientific
discoveries. I was asked to join the con-
ference because I was known to have
had a little newspaper experience. It
was not much experience, but it did give
me a brief and pleasant association with
a skillful operator. Before long there
was a Scripps Foundation for Journal-
ism, and Science Service was born. It
operates under a board of 15 members,
three each from the National Academy,
the National Research Council, the
American Association for the Advance-
ment of Science, the Scripps estate and
the journalistic profession. It has been
a very eflective organization that has
played an important role in science re-
porting in this country,

Miss Wright’s book is highly authen-
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tic, thanks to two circumstances. Hale
was a prolific writer of letters, and
among his numerous collaborators were
intimate friends who were similarly pro-
lific. It is our good fortune that in their
college days at M.I.T. Harry Goodwin
and George Hale became lifelong
friends. They shared joys and sorrows
as Goodwin rose to be a distinguished
dean at his alma mater and Hale to be
America’s most famous promoter of sci-
entific and scholarly research.

Among Hale’s earliest astronomical
co-workers and correspondents were
most of the big-name American astrono-
mers of the time: Edward C. Pickering
of Harvard, Simon Newcomb of the
Naval Observatory, Lewis Boss of Al-
bany, James E. Keeler of the Lick
Observatory, Walter Adams of Mount
Wilson, Charles A. Young of Princeton,
C. G. Abbot of the Smithsonian and
John A. Brashear of Pittsburgh. He was
also close to the physicists Henry A.
Rowland, A. A. Michelson, Sir William
Huggins, Sir Robert Ball and some of
the eminent scientists of the Continent:
Antonio Abetti of Florence, H. Kayser
and Karl Runge and others of Germany
and A. A. Belopolski of Russia. Hale,
while still a very young man, was
known to all of them. He was elected
to high honors while still in his 20’s.
His interest in spectroscopes, diffraction
gratings, solar optics and other gadgets
was practically a passion.

One of Hale’s deepest nonastronomi-
cal interests was Egypt as interpreted
by his University of Chicago colleague
James H. Breasted. Still, his first de-
votion in the necessary escape from
too much astronomy—escape from the
great telescopes and the problems of the
National Academy of Sciences—was
Pasadena’s Huntington Library and Art
Gallery. Pasadena, he argued, was a
most appropriate region for the blossom-
ing of the humanities. The coming to
California of Robert A. Millikan and
Arthur A. Noyes had made Cal Tech
a haven for the natural sciences. The
humanities, properly promoted, would
bring a richness that half a dozen Nobel
prize winners could not provide. In the
1920’s Hale turned his diplomatic skill
to the establishment in the suburb of
San Marino of the utmost in art and
literature. As Cal Tech and the great
telescopes would bring prestige to Pasa-
dena, so would the Huntington Library
and Art Gallery bring it for art.

George Hale died at the age of 70.
What he might have accomplished if he
had had another decade stimulates the
imagination. This reviewer’s conclusion
is that every graduate student, at least



in the sciences, should be required to
read thoughtfully this story of a very
modest man who reached outward into
the universe, conferring with this planet
on the way.

Short Reviews

() ARTICLES IN THE ATMOSPHERE AND
Spacg, by Richard D. Cadle. Rein-
hold Publishing Corporation ($10). The
particles discussed here range in size
from a tenth of the wavelength of light
up to a centimeter. Such particles are
of widespread importance to practical
affairs and to scientific knowledge. It is
evident that in a universe of gas, a uni-
verse that we on the solid earth study so
much with visible light, particles will be
important. On the one hand, gas cannot
condense without nucleation somehow
into droplets or crystallites. On the
other hand, subdivided matter is opti-
cally conspicuous far beyond its equiva-
lent mass in bulk. And it is chemically
more active.

Here we read of all such dusts and
grains and fogs. The unresting sea sends
fine particles of solid sea salt into the
entire atmosphere. They are produced
not by the spray—spray particles are
too heavy to float far from their point
of origin—but by a thin surface film and
by the bursting of fine bubbles on the
surface, which produces a microscopic
jet. Both of these evaporate to tiny salt
crystals, which are carried on the winds

to all the continents. The sea-salt grains

may nucleate rain formation from those
clouds that do not contain ice. The
trigger of nucleation is much studied as
a means of forecasting and modifying
the weather.

Smog is part of the story. The old-
tashioned sooty fog of London is of
course no longer the smog prototype.
That is now the hazier, more reactive
assemblage of particles familiar in coal-
free Los Angeles. It is fed by all organic
combustion, in cars, trash burners, in-
dustrial furnaces and trees. It is trapped
by inversion in the bowl of the city. It is
activated from the hydrocarbons, the
carbon monoxide and the nitrogen
oxides of the combustion products into
ozone and other such irritating radicals
by the ultraviolet of the bright sun.
Why it is particulate is still unclear.

Radioactive fallout is another modern
addition to natural history. The hot
radioactive gases nucleate out either on
the airborne particles already present
or on the copious dust thrown up in the
explosion. Blowing in the wind at low
levels, it falls out downstream nearby.
Some of it may enter the high air; small

enough particles even persist for years.
Marked with the brand of nuclear in-
stability, they have revealed the history
of the rain and the snow they contami-
nate.

There are beautiful dusts too. Con-
sider the light blue clouds seen at sum-
mer twilight in high latitudes. These
“noctilucent” clouds apparently form at
an altitude of 50 miles, and they resem-
ble a glowing sea surface. They shine in
the sunlight coming over the pole long
after the ground is dark. Rocket sam-
pling suggests, but does not yet prove,
that they consist of ice crystals formed
on nuclei of meteoritic dusts. There is
the zodiacal light, a column of light ex-
tending up from the horizon for a few
hours after sundown or before sunrise.
It supplies up to a third of the total light
of a clear moonless night sky. That it
shows no parallax proves its astronomi-
cal distance from us, and its symmetry
about the orbital plane of Jupiter (rather
than the orbital plane of the earth) sug-
gests it is under long-range control by
the sun and the solar system. Some of it
is light scattered by the electrons of the
solar corona, some by dust in space. The
latest measures of polarization incrimi-
nate the interplanetary dust, which may
indeed feed the earth with magnetic
spherules found in the deep sea, the
antarctic ice—anywhere undisturbed and
iron-free sediment can be studied.

Finally there are two chapters on the
moon, the planets and the galaxy. It is
now clear that the moon is a dusty
place. The moon chapter of this book
is remarkable for the ingenuity of the
conflicting theories of the moon’s sur-
face that are outlined. The author is
much more successful in carrying a
thread of argument through a gantlet
of inconsistent papers in the chapters on
earthly dusts, where he himself has done
distinguished work, than he is in these
remoter regions. The entire volume is
review, in which rather complicated
matters are handled by very concise ex-
tracts. The result is readable wherever
some of Cadle’s assessment is implied;
it is less so elsewhere. He has done a
service in organizing so large a field of
modern natural history; the final treatise
on particles is still in the future.

rI’*nE Huazan Bopy 1N EQuipMENT DE-

- siGN, by Albert Damon, Howard W.
Stoudt and Ross A. McFarland. Harvard
University Press ($11.95). “Design
error may in fact be responsible for a
substantial fraction of aircraft and auto-
mobile accidents now ascribed to hu-
man failure.” So writes this Harvard
team of applied physical anthropolo-
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systems
for the

SIMULATION
TECHNIQUES FOR
DESIGN OF
WATER-RESOURCE
SYSTEMS

By Maynard M. Hufschmidt
and Myron B Fiering

This companion volume to
Design of Water Resource
Systems examines computer
simulation as one method
of planning and designing
complex water-resource
systems. In presenting the
various steps required to
institute such a program,
the book contains a detailed
report on the applications
of these steps to a simula-
tion program constructed
for the Lehigh River basin
in Pennsylvania. It pro-
vides general guidelines,
much specific information
supplemented by illustra-
tions, and many examples
which should be useful to
planning organizations that
wish to develop suitable
manuals of procedure for
their own use. $7.50

DESIGN OF WATER
RESOURCE SYSTEMS

New Techniques for Re-
lating Economic Objec-
tives, Engineering Anal-
ysis, and Governmental
Planning
By Arthur Maass et al
“This study should be
viewed as a substantial
achievement in the method-
ology of system design
with useful applications
much beyond the confines
of water sources systems. ..
The multiple, interdiscipli-
nary authorship has given
the book a great deal of
breadth.” — American Eco-
nomic Review.

Second printing. $12.50

Harvard

University Press
Cambridge, Mass. 02138
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Is there
somebody you've
always wanted to
beat at Chess?

Here’s your chance.

Bobby Fischer, the U.S. Champion
Chess player can teach you his tactics to
winning chess in just 10 hours.

You learn by a revolutionary
breakthrough in chess instruction
created by Xerox Education Division.

It works.

After you take Bobby Fischer’s Chess
Course, you will have learned to think the
same way he does.

This course puts you in increasingly
complex situations that require you to think
out your own and your opponent’s moves, 1,
2, 3 and even 4 moves in advance. Moves
that win games.

You actively participate in this course.
There is no Chess notation. And there is very
little to read. But there’s plenty to think
about. You make your own decisions. You
act. And you continually check yourself
against the moves Bobby Fischer would
make. This way, you learn.

When you sit down to play that oppo-
nent you've always wanted to beat, you’ll
find yourself thinking out moves with the
same tactics Bobby Fischer used to become
the U.S. Champion.

The price $6.95. The book has a hard
cover. There are 334 pages with 275 Chess
problems and solutions.
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gists. It is a book full of tables and line
drawings, a reference text for design-
ers and students of engineering design.
How far can a man reach to his left to
pull a brake lever? It of course depends
on whether he is a small man dressed in
bulky arctic gear or a rangy driver in
undershirt and shorts. The book draws
heavily on the military for its data: its
aircraft and trucks have had rational de-
sign, and Detroit data are almost absent
from the compilations. The average
value is of little use: very few operators
are of average height. The sine qua non
of a machine that, if not every man,
many men can operate is to provide de-
vices adjustable over a small range to
accommodate 90 or 95 percent of the
candidates. This work tabulates for
many groups such characteristics as
height, shoulder depth and breadth,
grasping reach and size of the hand.
There is a faint suggestion that the data
are not new, many depending on World
War II statistics. The data are not all for
static packaging. There is material on
center of gravity and moment of inertia,
on lifting, gripping and pushing. There
is reaction speed and knob-setting per-
formance. A rather grim chapter on re-
sistance to acceleration and to blows
closes the portion on data. The book
ends with a summary chapter of design
recommendations that pleads for much
more data still, particularly data beyond
the mere static sizes.

The tables—about 150 of them—and
text are full of curiosities. The tallest
men mentioned were a group of work-
ers in the wood-pulp industry, 1 per-
cent of them over six feet four. The
average adult loses about .95 inch of
height during the day by compression
of the intervertebral disks. A group of
“powerfully built Englishmen,” working
from a flat seat with a backrest, aver-
aged a maximum pedal pressure of 845
pounds! Reaction and movement times
are fastest at an age of about 20. They
slow down with the years, which is no
surprise, but 24 vigorous oldsters from
62 to 86 had lost only 11 percent to a
control group of young voters. Center
of gravity, moment of inertia, impact
resistance and a number of similar mat-
ters are best known by measurements on
the cadaver and its portions. Fracture
occurs in long bones mainly from tensile
stress, with static bending from 1,000 to
2,000 pounds, depending on position.
The brave crash measurements of Colo-
nel John Paul Stapp and his co-workers
are presented graphically. The scalp, a
soft “helmet” less than a quarter inch
thick, absorbs about 90 percent of the
force impinging on the head. (The au-
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thors may mean not force but energy
transfer.) A normal automobile stop is
an acceleration of about .25 times gravi-
ty for some six seconds; a quick stop,
.45 g for four seconds; an emergency
stop, brakes jammed on, about .7 g for
three seconds; a crash, some 20 to 100
g for .1 second or less. Such a crash is
fully survivable with good design.

Finally, as a measure suited to the
economics of an earlier age, the maxi-
mum individual load carried in the hand
by a handgrip should be 60 pounds for
short distances, 35 pounds for longer
ones. By muscle power a normal man
can do lifting work of half a million
joules per day. That is about 15 cents
per month at the rate of your electricity
bill. In Madras, for example, not a few
people still work all day as pumps in
the paddy.

rl‘HE INVENTION OF THE AEROPLANE

(1799-1909), by Charles H. Gibbs-
Smith.  Taplinger  Publishing  Co.
($14.95). The brothers Wright made
the first genuine powered flight at Kill
Devil Hills in December, 1903.
Throughout the early years of flying
they were never bested in duration of
flight until the great Reims meet of
1909, when half a million thrilled
watchers became aware that the rickety
kites of the daring sportsmen had grown
into a new and practical means of trans-
port in war and in peace. In 1909 you
could buy a production-model Wright
Flyer for about $5,000. It would carry
you—and a Wright-trained pilot—reli-
ably for a couple of hours in fully
maneuverable flight at an altitude of a
few hundred feet and a speed of 40
miles per hour. Sitting next to you
would be a Wright-built four-cylinder
water-cooled engine, turning out 30
horsepower with its 200 aluminum-free
pounds. There were by the end of this
period several worthy competitors in
the U.S. and in France, selling box-kite
biplanes of the Flyer kind as well as
the cheaper and more elegant mono-
planes.

This is a fine-grained history—and
prehistory—of powered flight up to its
time of practicality. The text is both
precise and delighted, with thorough
and painstaking documentation and
judicious analysis. The photographs and
drawings sum up to a complete period
piece, an accurate Complement to that
fine, funny, romantic film Those M agnif-
icent Men in Their Flying Machines.

Gibbs-Smith is a scholarly historian of
aviation who does not allow his passion
for accurate detail to blow him away in
a whirlwind of trivia. He convincingly



demonstrates the Wrights™ priority and
power, flowing from their careful ex-
periments and deep thought. They were
true “airmen,” he says, who viewed the
task as one of controlled motion in a
new medium and a new dimension. Too
many of their contemporaries were mere
“chauffeurs,” driving by brute force a
kind of motorcar with wings a little way
above the road. The airmen succeeded,
even though they made mistakes. The
Wrights believed so much in control
that they required it of the pilot con-
stantly and built no inherent stability
into their machines. They were “incom-
parably the greatest men in aviation.”
By the end of 1909 airplanes were
proved. Then theory entered, engineers
and factories appeared, and the industry
had begun to leave the pioneers behind
by the eve of World War II. This vol-
ume recounts the work of George Cay-
ley, who lived a century too early for
success, briefly surveys the 19th century,
then covers the pioneer years with high
resolution.

The Reims meet, in those innocent
years, was largely sponsored by the
champagne industry. Military observers
were there. The future was to trade the
ambiance of sportsmanship and bubbles
for the slaughter bench of history.

"'HE Puysics oF MusicaL Sounps, by

C. A. Taylor. American Elsevier
Publishing Company, Inc. ($9.50).
Many physicists are, like Professor Tay-
lor, musicians. His is a fresh and attrac-
tive addition to the corpus of works
aimed at those “fascinated by the rela-
tionship between physics and music.”
He writes a clear, up-to-date and agree-
able kind of introduction to the physics
of music. On an underlying (but not
much used) framework of setting him-
self and the reader the task of design-
ing a new type of musical instrument,
he builds the familiar story of vibration
and waves. More than the author of any
other introductory treatment, he pays
central attention to the physics of com-
plex sound, that is, to the quality of
sound. This is the most original and
successful portion of the book; he man-
ages to make real the description of
patterns in time by their frequency
content—the Fourier transform—essen-
tially without resorting to mathemati-
cal formulas. Physicists (although not
enough of their students) and a vanish-
ing fraction of the musical public under-
stand this crucial language in something
like the qualitative form he has given
here. About a fifth of the book is mathe-
matical—-branded with an asterisk for
the timid—and there the formal treat-

ment is given. Armed with the Fourier
weapon, Taylor can make reasonable
the key role of transients, of beats, of
phase and of combination tones. He dis-
cusses energy transfer in the same lucid
style. The intricacies of the ear and a
brief discussion of high fidelity come in
for a good chapter, and there is a crisp
account of the physics of strings, woods
and brasses. Several novel instruments
(even the Hammond organ) are con-
sidered in the final chapter, but not that
new instrument of his early hinting. A
45-r.p.m. disk accompanies the book,
with recorded illustrations of many of
the points described. Lying between an
introductory text and a serious if popu-
lar treatment, this good book would
have gained by greater length. This is
not blame but praise.

HE CONCRETE ARCHITECTURE OF

Riccarpo Moranpi, by Giorgio
Boaga and Benito Boni. Frederic A.
Praeger, Inc. ($20). The arches and
shells of Pier Nervi soar familiarly in
many buildings, now almost common-
places of our visual surroundings. Con-
crete and its invisible reinforcing mesh
is shaped in the form of bubbles. This
book is a reminder that it is not the only
way. Riccardo Morandi is another bril-
liant Roman designer in reinforced con-
crete. Master of prestressing, follower of
Robert Maillart and Eugene Freyssinet,
he designs and builds with a purity and
coolness of line, expressed in ribs and
girders and clean trusses, that deserve
the description “classical” compared
with the romantic structures of Nervi.
This book is handsome with photo-
graphs of Morandi’s work, and fascinat-
ing for the care with which it shows the
stages of construction, sometimes step
by step from drawing and model to the
precarious erection of a towering hinged
bridge. The Storms River bridge in
South Africa floats 400 feet across the
gorge with Greek simplicity and New-
tonian necessity. Morandi’s big Vene-
zuela causeway looks like a model in
the photographs, so simply and origi-
nally is it built, even in detail.

History oF RECREATION, by Fos-

ter Rhea Dulles. Appleton-Century-
Crofts ($6.95). When the formidable
Cotton Mather fell into Spy Pond on
a weekday, he had been fishing. The
austere leaders of Puritanism permitted
only those sports, other than well-li-
censed drinking, that earned some useful
product. The people lagged in their
austerity, but 17th-century America was
sternly ruled, even by the Anglican
power in Virginia. Tombs were visited
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NEW BOOKS OF
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John Dalton
and the Atom

By FRANK GREENAWAY. This
first full-scale biography of Dal-
ton to be written in the twentieth
century commemorates the two
hundredth anniversary of his
birth. Mr. Greenaway describes
the nature of scientific study in
Dalton’s time as well as the de-
tails of his life in order to explain
why Dalton’s atomic theory, un-
like earlier attempts, had such a
monumental impact on the sci-
entific world. John Dalton and
the Atom throws fresh light on
the life and significance of this
extraordinary man.

256 pages. $6.95

Modern Microscopy
Or Seeing the Very Small

By V.E. CossLETT. The great ad-
vances made in microscopy over
the last twenty years are out-
lined in this important volume.
An ideal introduction for the be-
ginner, this concise review of a
difficult and rapidly expanding
field will also serve as an excel-
lent refresher for the working
scientist. 189 pages. $5.00

Science, Man and
Morals

By W. H. THORPE. Tells in non-
technical language how recent
developments in biology, genet-
ics, ethology and biophysics are
bound to affect philosophical,
ethical, and religious views of
man and his place in nature. In
particular, Dr. Thorpe is con-
cerned with the philosophical
implications of the new knowl-
edge about DNA and the genetic
code. 188 pages. $4.95

Cornell University Press
ITHACA, NEW YORK 14850
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DIRECTOR

For Chicago’s Adler Planetari-
um and Astronomical Museum.
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for the complete operation and
management of this interna-
tionally known facility, includ-
ing the preparation, publicizing
and presentation of programs of
public lecture-demonstrations
and exhibitions of astronomical
subjects. Will supervise and de-
velop the museum with a collec-
tion of world-famous astronom-
ical instruments and a library
of related literature. Applicant
must have education in related
sciences at the graduate level or
equivalent responsible experi-
ence in the operation of an allied
museum or the planetarium in-
strument. Liberal pension and
employment benefits. Salary
Range $12,000 to $15,000. Address
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by the pious, but the theater was out.
At Harvard College in 1760 a student
actor in the scarcely frivolous drama
Tancred and Sigismonda wrote: “We
are likely to be prosecuted.” Perhaps he
was overanxious.

The theater grew as an aristocracy
of means and manners came to rule, and
the frontiersman escaped entirely the
severity of the old settlements. By 1800
the cities knew theater in full bloom,
with famous stars, a “road” and an iron-
voiced repertory. The backwoodsmen
wrestled and competed in their rough
way and also held revival meetings,
where from time to time the crowd was
seized by “the jerks,” or set to barking
like spaniels.

As the cities grew to industry’s call,
spectator sports replaced the games and
field sports, no longer accessible in a
time without transportation or public
parks. This is the origin of the great
American watcher. A sort of Grand Prix
was run on foot through New York
streets in 1835 for a purse of $1,000 to
any man who could run a 10-mile course
in less than an hour. These were famous
professional runners, called “peds”; one
Henry Stannard claimed the prize.
Boats and horses raced too, and the
prizefight flourished underground.

By the middle of the century the
cities were restless and teeming. Phineas
T. Barnum came on the scene, with a
genuine mix of media. From Jenny
Lind, around whose hotel 30,000 people
gathered in greeting, to the white-
washed Siamese elephants, Barnum’s
promotion fitted precisely the Victori-
an scene. He expurgated Shakespeare;
he made circusgoing seem like self-
improvement.

Baseball (Professor Dulles deflates
Cooperstown ) slowly arose, and in 1842
it was being played well at the Elysian
Fields in Hoboken. Roller skates and
bicycles were the first machine-age con-
tributions to participant sport, and with
croquet they were attractive to men and
women alike. The Victorian repression,
like the Puritan, was weakening.

The automobile entered from above,
the sport of the rich. Films began at the
bottom, the nickelodeon magnates aim-
ing directly at the factory laborers,
largely immigrants, of the steel towns
and the fur and garment centers.

Finally we survey the American rec-
reational scene today. The last fourth
of the book is up to date, redone on the
structure of the earlier part, which first
appeared in 1940. Here one sees the
rise of the films, of television, and above
all of the automobile and the highways
and parks it implied. The complexity of
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modern life extends even to spectator
sport: kayaking, automobile demolition,
skiing, tennis, golf, drag racing—all ap-
pearing on television. Participant sport,
with numberless quieter diversions out-
doors and in, has grown even more.
Americans have finally learned how to
play.

It is hard to put down this lively and
detailed book without a sense that in
recreation the forces of the economy
are shown plain. The Puritans could not
afford amusement; they had to lay up
capital in a new land. So it was again
when industry grew. Now we have a
different way of making a living.

(THE SCIENTIFIC PAPERS OF JAMES

CLErk MaxweLL, edited by W.
D. Niven. Dover Publications, Inc.
($12.50). The two volumes of the 1890
memorial edition of the works of the
incomparable Maxwell are hardbound
into one thick, attractive, photographi-
cally reduced book. The papers begin
with his schoolboy publication gener-
alizing the scheme of drawing an ellipse
by using thread wrapped around pins
to construct ovals of many foci. They
end with his reviews and encyclopedia
articles, which sum up 19th-century
physics in terms a serious lay reader
can grasp. The Encyclopaedia Bri.a:-
nica piece on “Atom” is particularly
modern, with its concern for the facts of
genetics and its wonder at the identity
of atoms. The kinetic theory is here,
both in theory and in experiment, and
the foundations of Maxwell’s electro-
magnetic work, both at the deep level of
the original papers. Physics libraries
should have this book, as should anyone
with a concern for the history of modern
physics. Maxwell’s clarity and complete-
ness fit some of his papers for the mod-
ern graduate student.

The Treatise on Electricity and Mag-
netism, his marvelous but difficult mas-
terpiece, is not here, but it is available
at a great bargain in two paperback
volumes from the same publisher.

IDESTICIDES IN THE ENVIRONMENT AND

Tueir EFFEcTs oN WILDLIFE, edited
by N. W. Moore. Blackwell Scientific
Publications ($12). A paperback ac-
count of a meeting of experts on this
gloomy subject held in England in the
summer of 1965. It was sponsored by
NATO, but the scientists were invited
as and spoke as individuals, not as
representatives. Some 40 papers span
analytic methods, species from partridge
to perch and seals, and statistical tech-
niques. Detectable amounts of DDT, tor
example, are present in the fatty tissues



of Adélie penguins, thousands of miles
from the nearest farm. Traces of mer-
cury and copper from fungicides are
found in French and Swedish owls,
hawks and foxes, at lethal levels in some
cases. A full assessment is complex, like
the long story of radioactive fallout.
The editor concludes cautiously that
“pesticides are a most important feature
of modern life but they have un-
doubtedly done some harm to wildlife.
The extent and the nature of damage
are still largely unknown.” As usual, he
urges only much research and study.
Multinational economic measures, sub-
sidizing specific pesticides and penaliz-
ing more harmful ones, seem warranted
by the present level of both knowledge
and hazard.

CIVILIZATIONS orF THE INDUS VAaLLEY
AND  Bevonp, by Sir Nortimer
Wheeler. McGraw-Hill Book Company
($5.50). In 1961 the London firm
Thames and Hudson produced a splen-
did book—thick, high, broad and dear.
Called The Dawn of Civilization, it con-
tained 10 essays by leading British ar-
chaeologists, one on each of the great
ancient cultures of Asia, Europe and
America. The book had 1,000 illustra-
tions, scores in color; in both text and
picture it was superb. The text ap-
peared on two levels: a rather simple,
brief caption story and a serious, half-
technical narrative by an authoritative
and devoted scholar. The present series,
of which this volume is a glowing ex-
ample, distributes the older work in
short hand- and mind-sized takes.

Sir Mortimer here reworks his worthy
essay, and the designers have given
it to us in a slender book with half
again as many illustrations as the first
version. The great theme of the book,
the rise and fall of Mohenjo-daro in the
Indus Valley, is seen as the result of
several causes: conquest, flood and
denudation. The skeletons of a fleeing
tamily of ivoryworkers, found a couple
of years ago, bear witness to attack,
probably by the Aryan worshipers of
Indra, the god who “rends forts as age
consumes a garment.” The beautiful
seals are here, carved with those great
oxen and the still wholly undeciphered
pictographs. These represent a third
system of writing, neither hieroglyph
nor cuneiform, yet born with the others
within a remarkably short span of time
and space.

Five other titles of the series are also
in print; all of them can be called excel-
lent, and some are outstanding. The
volume on the American cultures is not
yet out; it is worth waiting for.
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The one man who can transform an organ from a machine to a beautiful musical
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"He who makes two blades of grass grow
in place of one renders a service..."
Voltaire

One of the contributions of chemical
research today is making things grow.

Sometimes figuratively, as when a
chemical innovation brings an entirely
new business enterprise into being.

Sometimes literally, as when a potent
new chemical fertilizer helps meet
the need of an exploding population
for increased soil productivity.

Indeed, our chemical research effort
itself is a kind of farm, where

creative people cultivate ideas that
grow a more abundant life for us all.

Allied Chemical Corporation,
61 Broadway, New York, N.Y. 10006,

Divisions:

Barrett < Fibers * General Chemical
International + Nitrogen
Plastics * Semet-Solvay * Solvay Process
Union Texas Petroleum
In Canada:

Allied Chemical Canada, Ltd., Montreal
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