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Rust, rot, fire, decay...old enemies meet new defenses

Today there are new levels of pro-
tection for things animal, vegetable,
mineral, and man-made, through
Me&T’'s work in chemistry and metal-
lurgy. Take the four examples above.

Teeth have always succumbed to
decay. Less so now because of M&T
Stannous Fluoride protection.

Wood has long been a lunch for
fungi and microorganisms. bioMeT*
biologically active chemicals are
stopping that. And controlling dis-

ease-and-odor-causing bacteria, too.
Sooner or later, rust or corrosion
attacks metal. But much later and
less severely now, with protection
from M&T chromium, nickel, copper,
tin and zinc plating processes.
Plastics survive, but only with
built-in protection. Like that which
MeT flame retarders and heat and
light stabilizers can give chemically

MsaT Chemicals Inc.
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tovinyl and other plastics.

MeT protects in other ways, too
...with its contributions to time-
defying ceramic glazes; to hard-sur-
face welding to protect against wear;
to abuse-absorbing organic coatings.

There’s more to tell ... more to
come. Write or phone M&T Chem-
icals Inc., General Offices: Rahway,
New Jersey....Or M&T Products of
Canada Ltd., Hamilton, Ontario.

*Trademark of M&T Chemicals Inc.




Here is what's new today at P&B: A complete line
of solid state time delays ... a remarka\bly reliable
half-size crystal case relay . . . a full range of
highly sensitive polar relays . . . an ingenious

Wha/t impulse/sequencing relay.

What will be new tomorrow? Whatever YOU

D
Yuﬁ need to solve tomorrow’s problems. A dynamic
development program is a way of life at P&B and
Need we welcome challenging switching problems. We
) meet these challenges with a design staff that is

eager, inventive, experienced. Our testing and

production facilities are modern and complete.
Our know-how spans a third of a century.

What do YOU need NEW ? A letter or telephone
call could initiate immediate action on your
switching problem. Get in touch with our engi-
neering representative in your area or call us
direct, 812-385-5251.

€D-38

Fixed or knob-adjust-
able solid state time
delay with internal
DPDT relay.

CD-3t

Compact time defay
module is only slightly
farger than one ciibic

inch,
o
ol et
GM Series '-/_ A
Very versatile = o)
impuise/sequencing o
relay can be made -;’I;.
to stop, count, home, l'_.
read-out.

MDP Series
Fast, highly sensitive
polar relay for
instrumentation and
communications,

CD-45
Time delay unit with
heavy-duly screw
terminals, Knob or
rasistor-adjustable.
For use wilh P&B's

CD-21
Knob or resistor- PR retays,

u adjustabletimedelay.
— e . Can be supptied with
e HC Series internal DPDT refay.
- Non-polarized, hait Plug-in terminals,
crystal case size.
Sample quantities
available.

POTTER s BRUMFIELD

Division of American Machine & Foundry Company, Princeton, indiana
In Canada; Potter & Brumfield, Division of AMF Canada Ltd., Guelph, Ont.
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Allen-Bradley feed-thru and stand-off capacitors --.
provide effective filtering to 1000 megacycles

with no parallel resonance points! —

B When you need really clean filtering in the very-high and
ultra-high frequency ranges, yowll find Allen-Bradley feed-
thru and stand-off capacitors are the answer. Their unusual
discoidal design eliminates all parallel resonance effects below
1000 megacycles. Thus, you can use much higher nominal
capacitance values than with ordinary tubular types and ob-
tain far lower coupling impedance. The high insulation resist-
ance—in excess of 100,000 megohms—assures superior
direct current blocking.

Although they are extremely compact, Allen-Bradley dis-
coidal capacitors have a rugged construction—special han-
dling is not required during assembly. They resist both the
thermal shock of soldering and any mechanical damage
resulting from vibration.

Allen-Bradley feed-thru and stand-off discoidal capacitors
are available in standard values of 470 mmf+209, and
1000 mmf GMV (—04-1009,). Special values from 6.8
to 1500 mmf and special tolerance of %109, for most
values. Rated to 500 volts DC maximum. For more com-
plete details, please write for Technical Bulletin B5409:
Allen-Bradley Co., 1204 S. Third Street, Milwaukee, Wis.
53204. In Canada: Allen-Bradley Canada Ltd., Galt, Ont.

FASC
APPROX. SIX TIMES
ACTUAL SIZE

S S

Discoidal vs tubular feed-thru ceramic capacitors

NEWEST

a1 Allen-Bradley .:
DESIGN e ““""Y"{\ H
TYPE FWSN o 1
FEED-THRU CAPACITOR ) § ¥
¥y A~ /
2| 7 i
M7 : Al
T2
Tbulsr Capacitors |1
\
OVER TWICE e Frequency in Megacycles Per Second
ACTUAL SIZE © e L %o o

New Hollow Eyelet Design

Provides Direct Lead Filtering
lllustration shows how transistor
lead is filtered by passing it
through the Type FW5N. The lead
is soldered to one capacitor elec-
trode and the other electrode is
soldered to the metal enclosure.

These new feed-thru capacitors are ideal for transistorized
UHF TV tuners. They cut assembly time by eliminating tie
points on each side of the capacitor, and they also save
space. The Type FW5N is rated 300 v DC max, and is avail-
able in the same standard values and tolerances as other
A-B feed-thru capacitors.
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X-Y
or
STRIP
CHART
RECORDERS

Moseley, pioneer and world
leader in servo recorders,
today offers over 40 X-Y
recorders in all papersizes,
1 and 2 pens, bench, rack
or metric models, pluswide
line of ultra-compact solid
state 5” and 10" strip chart
recorders, for laboratory or
industrial use.

Model 7000A, typical Mose-
ley X-Y recorder, features
new silent Autogrip* elec-
tric chart holddown, 100
wuv/in sensitivity, 1 megohm
input impedance on all
fixed and variable ranges.
ACinput ranges to 5mv/in,
new high-reliability poten-
tiometers, time sweeps
both axes, multi-scale zero
offset; $2575.

Model 7100A, typical Mose-
ley strip chart recorder, fea-
tures 1 megohm input im-
pedance on all 10 ranges, 1
mv sensitivity full scale
(optional), 14 second bal-
ance time, instant chart
speed change and quick
paper roll change, remotely
controlled “jump” speed,
many options for recorder-
controller use; $1800.

Write forcatalog: F.L. Mose-
ley Co., 433 N. Fair Oaks
Av., Pasadena, Cal. 91102

MOSELEY (p

An affiliate of Hewlett-Packard

*Trade Mark, Pat. Pend.

THE COVER

The photograph on the cover shows a fluid switching device called a
“nor-or gate,” which is used as a logic element in an all-fluid digital com-
puter (see “Fluid Control Devices,” page 80). The device consists of a
solid block of glass in which shallow channels have been chemically
etched to allow the passage of a fluid. (Ordinarily the working fluid is air,
but in this case colored water has been used for the sake of clarity.) The
channels were etched by a special optical fabrication technique, devel-
oped by the Corning Glass Company. The empty channels are wet and
appear gray. The blue water at top is the main power stream. The nar-
rower channels at left are the control jets: either one “or” the other, on
being activated, can switch the power stream from the left to the right
output channel at bottom. If neither one jet “nor” the other is activated,
the asymmetrical construction of the interaction region, in addition to the
atmospheric pressure exerted through the open channel to the right of
the power-stream nozzle, will switch the power stream to the left output
channel. In the photograph the control jet at top left, which contains yel-
low water, is on, causing the power stream to turn green and to be
deflected into the right output channel. Circular holes are air vents.

THE ILLUSTRATIONS
Cover photograph by William Vandivert
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28 U.S. Weather Bureau 70-77  Alex Semenoick
29-35  Eric Mose 78 Moses Kunitz
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This is an @V@ND@*
Thresheold Switch

*A simple non-rectifying semiconductor device
based upon an entirely new theory in solid state
physics developed by Energy Conversion Devices.

O The two crossed wires shown greatly
enlarged above are not a fully fabricated
component. But they can be used just as
is to demonstrate fundamental principles
of a newly discovered phenomenon in the
field of solid state physics. Ready?

First—if you examine the surfaces where
the wires touch, you will notice a differ-
ence in color. Thisis actually an active thin
film of a homogeneous semiconductor
material. Unlike all other semiconductor
switches, however, this active film element
is not produced by precise doping of high

*New brochure describes basic OVONIC
principles and many of the devices now
being developed for various control
circuits. A request on your letterhead
will bring you a copy by return mail.

purity material. Nor is its operation based
upon conduction through P-N junctions.
Nor is it asymmetrical with respect to for-
ward and reverse current flow.

Instead, this unique OVONIC switch is of
such a nature that it can be changed in-
stantaneously from non-conductive to a
conductive state, and vice versa, simply
by increasing or decreasing the voltage
or current in a circuit above or below a
given threshold level. Or switching action
can also be made to occur by changing
the device’s ““firing’’ threshold relative to

Oscilloscope trace showing E-|
characteristic of the OVONIC thres
hold switch. Note instantaneous
change from non-conductive state
to the fully conductive state.

a constant supply voltage. Moreover,
because the device responds identically
to both positive and negative polarities,
it is inherently capable of controlling
either direct or alternating current.

This is the essence of OVONICS, a new
field of control based upon an entirely
new theory in solid state physics. And
these are inherent capabilities of the
many OVONIC threshold control devices
now being developed by E. C. D. and its
licensees throughout the world.

Career opportunities now open to qualified physicists, chemists, and electronic engineers. Send resume to:

Energy Conversion Devices, INC.

14121 West McNichols Road o Detroit, Michigano 48235
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Grumman’s across~-the=-board
space capabilities: 1965=-1975

PRESENT LEM WORK

As part of the current work on LEM (Lunar Excursion
Module) and lunar exploration vehicles, two huge LEM
simulators are now in operation at Grumman—one for
lunar landing and one for rendezvousing with the Apollo
Command Module. All NASA astronauts have already been
indoctrinated on these simulators and are currently re-

hearsing for actual landing and rendezvous.

ADVANCED SPACE MISSIONS

Many logical extensions of the LEM program are in study
phase at Grumman. Current projects involve post LEM
lunar exploration, scientific and logistics establishment of
lunar bases. Other advanced space work at Grumman in-
cludes military vehicles, space research centers, repair
service and planet launch platforms.
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MARS MISSIONS ORBITAL SPACE STATIONS
i g <] Feasibility of interplanetary staging bases has long cap-
tured the imagination of space scientists and engineers.
The ultimate mechanics of such strategic bases are under-
going prolonged and careful scrutiny at Grumman. Experi-
ence gained from the LEM program will vastly enhance the
possibility of success in these studies.

GRUMMAN Aircraft Engineering Corporation * Bethpage, L.Il., New York

|
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LETTERS

Although we scientists often pride
ourselves that our familiarity with the
“scientific method” enables us to form
more rational political views and to
raise the level of political discussions,
most of our writings on the problems
that confront our nation today resemble
the monologues that men in politics use.
We state our views and desires but do
not point out the areas of disagreement
with our opponents, or the extent, or
the reasons therefor. No fruitful scien-
tific discussion could proceed on such a
basis, and in the following paragraphs,
in which I comment on the article “Na-
tional Security and the Nuclear-Test
Ban,” by Jerome B. Wiesner and Her-
bert F. York [SCIENTIFIC AMERICAN,
October], I hope to come closer to a
dialogue. Thus I shall attempt to speci-
fy both the areas in which I agree with
the authors and those in which I dis-
agree, and to give my reasons for
disagreeing.

In the early stages of writing this
letter it appeared that only the views ex-
pressed by Wiesner and York on poli-
cies, attitudes and technical questions
would have to be discussed. It soon be-
came apparent, however, that there is a
third subject that could not be disre-
garded: the inferences the daily press
drew from the article and the extrapo-
lations it attached thereto.

Turning first to questions of broad
policy expressed in the article itself,
there is much with which it would seem
a vast majority of our colleagues can
agree. The principal area of agreement
concerns the success of the test-ban
treaty. One would have to be blind not
to see that the tensions between the
U.S.S.R. and our country have much re-
laxed since this treaty has been in effect.
It would be stretching a point to say
that the cessation of testing is only the
consequence, and not at the very least
partially a cause, of the relaxation of
tensions. As to the delay that peaceful
uses of atomic explosives suffer as a re-
sult of the test cessation, the article says,
“Promising as peaceful uses of nuclear
explosives may be, the world could
forgo them for a time” in exchange for
a quieter international atmosphere, and
I can only concur.

On the other hand, it would be a mis-

take to overlook the fact that the test-
ban treaty is the result of extensive
negotiations in which both parties made
signiﬁcant concessions. There is no evi-
dence that generous acts of the U.S.
through which it unilaterally weakens
itself have any but adverse effects on
the policy of the U.S.S.R. Nor does the
insistence on mutual concessions have
to create an unfriendly atmosphere. On
the contrary, the constant pressure on
our government, by means of public
statements, to give in, raises false hopes
in the negotiators of the U.S.S.R. The
thwarting of these hopes, and the irrita-
tion of our own negotiators because of
these pressures, do create an unhappy
atmosphere. It is to be hoped that the
article by Wiesner and York, with its
insistence on a comprehensive test-ban
treaty but without equal insistence on
policing and inspection, will not have
such an effect. It certainly counsels
moderation not only to our government
but also to that of the U.S.S.R. (An apt
description of the adverse circumstances
under which our negotiators often labor
was given by R. Gilpin in his American
Scientists and Nuclear Weapons Policy.)

Another statement of the article with
which few will quarrel is that “if the
great powers continue to look for solu-
tions in the area of science and tech-
nology only, the result will be to worsen
the situation.” It is unfortunate that the
subtitle of the article abbreviates this to
“there can be no technical solution to
the problem of national security.” This
subtitle, whether written by the authors
or by a somewhat careless editor, print-
ed as it is in large italics, could give the
impression, and has given the impres-
sion to some of the daily press, that
technical problems will play no further
role in the future. This is, of course, not
the meaning of the statement quoted.
In fact, the sentence “Today as never
before national security involves techni-
cal questions” stands just three inches
below the subtitle.

Actually the great powers have never
confined themselves to looking for solu-
tions in the area of science and tech-
nology only but have initiated extensive
negotiations toward easing tensions. As
we have seen, some of these were suc-
cessful.

If one is asked whether one agrees
or disagrees with the policies recom-
mended by the article, one soon discov-
ers that the article does not recommend
any policies. It leaves its reader with a
sense of frustrated disorientation cou-
pled with the impression that the past

© 1964 SCIENTIFIC AMERICAN, INC

policies of this country were fundamen-
tally wrong and something fundamen-
tally new has to be tried. Some passages
even carry the implication that our de-
fense preparations have aggravated the
danger to our freedom, independence
and survival. “Ever since shortly after
World War II the military power of
the US. has been steadily increasing.
Throughout the same period the nation-
al security of the U.S. has been rapidly
and inexorably diminishing.” Does this
suggest that the decrease of our security
is a result of the increase of our military
power? To some who wish to think so it
apparently does; to the people of coun-
tries whose military power did not grow
adequately—to the people of Czecho-
slovakia, Hungary and Tibet—it would
not. When I maintained in a discussion
with one of the top scientific negotiators
of the U.S.S.R. that the U.S. used its
early atomic monopoly with great re-
straint, he answered, “I don’t know. We
wanted to do many things that [as a re-
sult of your atomic strength] we [the
U.S.S.R.] could not.” I am afraid that
the borders of Stalinist Russia would
have moved much farther to the West
in Europe had the military power of the
U.S. not been “steadily increasing.”
Furthermore, is it really true that the
national security of the U.S. has been
“rapidly and inexorably diminishing”?
If one thinks only in terms of physical

Scientific American, December, 1964; Vol. 211,
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_ Boost the flow of
ll I‘ I I\ da’ra from space-
, by steering it!

An “electronic boomerang” transmission system tech- normally requires no expenditure of primary power.
nique, developed by our Sylvania subsidiary for the Air It uses a flat disc, always facing earth, as a receiving
Force, can potentially increase both the quantity and and sending surface. Only 1/20 as many solar cells are
quality of data sent to earth from satellites. required for power, and the tunnel diode transceivers
How? A fixed set of antennas in the satellite electron- are about 100 times more radiation-resistant than tran-
ically steers transmissions back to earth along the same sistorized systems.
path traveled by a signal transmitted from a ground sta- Communications systems—on earth and in space —
tion requesting data. a way the capabilities of GT&E, directed by
This boomerang effect is far more effi- hlgl B 1 Sylvania Electronic Systems, contribute to
cient than conventional wide-aperture the nation’s well-being. Sylvania Electronic
antenna systems, in that pointing of the (\ Systems, Division of Sylvania Electric Prod-

antenna beam is inherently automatic and ucts Inc., 40 Sylvan Rd., Waltham 54, Mass.
GENERAL TELEPHONE & ELECTRONICS

Total Communications from a single source through

SYIVANIA ELECTRONIC SYSTEMS

GT&E SUBSIDIARIES: Telephone Operating Cos. + GT&E Laboratories * GT&E International + General Telephone Directory + Automatic Electric + Lenkurt Electric + Sylvania Electric Products
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HOW TO KEEP IT
FROM
GOING
TO
PIECGES
IN OUTER SPAGE

Dante couldn’t have imagined a
crueler hell for adhesives than
outer space. About 200° F. when
you face the sun, 70° below zero
when you don’t. Choked with ra-
diation. Full of interplanetary buck-
shot coming from every direction.

Yet an adhesive made of Du Pont
resins has helped keep the U. S.
satellite Echo | together! It's ex-
pected to do the same for Echo Il.

Each satellite is comprised of
about 100 strips of aluminum-
coated polyester film*. The rugged
adhesive binds these strips to-
gether along hundreds of yards of
vertical lap seams, and it keeps
them together.

It's elastic enough to withstand
the shock of inflation in space and
to weather storms of micrometeor-
ites. It endures the killing extremes
in temperature. It resists destruc-
tive radiation.

The Schjeldahl Co., Northfield,
Minn., manufactured Echo | and Il
for NASA Goddard Space Flight
Center. Du Pont space-age polyes-
ter adhesives were key ingredients
in the Schjelbond® adhesives used
—and so was Du Pont technical
assistance. If your adhesive prob-
lems require binding a flexible film
to a flexible or inflexible substrate,
perhaps we can help you, too. Write
E. I. du Pont de Nemours & Co.
(Inc.), Room 2508, Nemours
Building, Wilmington, Del. 19898.

ADHESIVES

Better Things for Better Living...through Chemistry
*Generic for Du Pont MYLAR®

Rramrrery

10

possibilities, in terms of a fanatical ene-
my who takes seriously Lenin’s dictum
“Better only one-third of the world’s pop-
ulation surviving if those are then good
communists,” the security has decreased.
But is that a valid picture? Have we not
spoken of the relaxation of tensions be-
fore? True, we still hear the threats of
burying us, alone or in collaboration
with the Chinese brothers, the praise of
the “irreconcilable class hatred that ex-
poses and strikes the enemies of our
social system,” and the glorification of
the sparks flying from the sabers of cav-
alrymen (both in Khrushchev’s speech
on culture of March 8, 1963). But one
also hears, with an increasing volume,
the realization of the need for coexis-
tence and of peaceful competition. One
does not have to shut one’s ears to the
threats in order to hear also the voice
of reason and adjustment. Furthermore,
is it not clear that the realization of the
need for coexistence is in large mea-
sure the result of the understanding that
the sparks flying from the sabers of
cavalrymen can ignite other fires? A
U.S. that is not only strong but evi-
dently strong is in the interests of all:
it is reassuring to the West and should
turn the interest of the rulers of the
East away from domination and toward
the true welfare of their people. Are
there no signs that it is at least begin-
ning to do so?

To put the preceding point more
pragmatically: Although the worst con-
ceivable alternative may have become
worse with the progress of time, the
probability of such an alternative has
decreased sharply. As a result, from the
point of view of the most likely turn of
events, the security of the U.S. has
probably greatly increased, particularly
in the course of the past few years.

Let us now turn to the technical
points of the article. I am sorry to say
that I find it more difficult to agree with
them than with the general statements
discussed before. The first remark that
comes to mind is that the alleged need
for developing the 100-megaton bomb
was not the only, in fact not the prin-
cipal, argument against the test-ban
treaty. Personally I feel that this treaty
was worth what we paid for it, and
that it benefits both the U.S. and the
U.S.S.R. It would be only fair toward
those who opposed the treaty, however,
to state that they were chiefly concerned
with the testing of certain defense mea-
sures against antiballistic missiles, not
with the development of the 100-mega-
ton bomb.

Nevertheless, we must recall in con-
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nection with this bomb that the
U.S.S.R. found it worthwhile to break
the test moratorium in order to test it.
In addition, the statement of the article
that “on any scale of investment, the
combination of larger numbers and
smaller size results in greater effective-
ness of the missile system” cannot be
maintained. The cost of a missile is ap-
proximately proportional to the square
root of its explosive yield. The illustra-
tion in the article that shows a linear re-
lation is incorrect (and is contradicted in
the text). Hence the yield is proportional
to the square of the cost. The range of
destruction is proportional to the cube
root of the yield and hence to the 2/3
power of the cost. Finally, the area of
destruction is proportional to the square
of the range of destruction and hence
to the 4/3 power of the cost. It follows
that if one disregards soft targets that
can be destroyed by a single smaller
bomb, the cost effectiveness of weapons
actually increases somewhat with their
yield. Even this is not the complete pic-
ture. A hardened defense installation
can be destroyed with a smaller explo-
sion only if this takes place closer by
and at lower altitudes. It is easier to
prevent such an explosion by antimissile
measures, or otherwise, than an explo-
sion at the larger distances and high
altitudes at which a very large bomb
can still destroy the installation.

Drs. Wiesner and York state that we
do not need tests in order to design a
100-megaton bomb. This is true but dis-
regards the time element. The time
schedules for the production of a bomb
with the characteristics that exploit the
inherent advantages of size are extreme-
ly long in the absence of tests. If the
bomb should be needed, it would be
meager comfort to know that, given
only a few more years, we could have
had it.

The cases for and against the big
bomb remain unproved and I personally
cannot become enthusiastic about it. I
do feel strongly, however, that the re-
jection of defense measures, in particu-
lar the rejection of civil defense, is
unjustified. Drs. Wiesner and York rec-
ognize that the instability that has to
be overcome is due to the “overbal-
ance [of] the scales in favor of the
attacker rather than defender.” If this
is so, a wholehearted effort should be
made to redress the overbalance. It does
not seem, however, that they have ex-
plored the possibilities of civil defense
even halfheartedly. Most readers will be
struck by the contradiction between the
postulates that, on the one hand, the



Planetaria made in JENA

carried the tidings of the century-old reputation for painstaking
ZEISS-precision to thirty places on the globe.

The same meticulous care is being devoted to the observation and
evaluating instruments made for amateur and professional watchers
of the skies by the world’s largest manufacturers of precision-
mechanical and optical equipment.

For technical advice and service, please consult
ERCONA CORPORATION, 432 Park Avenue South, New York 16,
N.Y., sole representative of

Birthplace and Centre of Modern Optics VEB Ca rl Zeiss JENA
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CAN A TALENTED YOUNG
DISPLAY SYSTEM
FROM SANTA ANA
FIND TRUE HAPPINESS WITH A
BIG-TIME DIGITAL COMPUTER?

Sure it eap . . . if it's a
Telemetries 8ol Data Display
System . . . because this baby
uses real language and brings
its own buffer memory along.

Most types of critical information in large masses
...process control data or even scientific data...
can get out of hand and be most difficult to
interpret (wiggly lines teing the hard-to-read
things they are). But the Telemetrics 801 pro-
duces, in real language, 12 ‘‘pages,” or levels of
data...makes “what’s going on’ easier to see
and understand. Man and machine can work to-
gether, hand in hand, even in real time.

Now, no general purpose computer worthy of the
name wants to risk being junked just because it
can't take care of a display (in addition to keep-
ing tabs on things, doing computations, making
constant comparisons, and what have you). But
the 801, once its face is made up, uses its buffer
memory and character generator to keep it
touched up .. .updating it only when the incom-
ing data itself is changed. This neat little trick
reduces the computer’s work load (as compared
to that with a standard display scope) by a factor
of 20,000. So the obvious outcome is a contented
computer.

(The 801 has been going steady with the
Telemetrics 670 Data Processor, but all it really
asks for is digital inputs from any source at a
selected or programmed up-date rate...a little
power...a little love. That's all. Honest.)

@

R eS|

For the whole
heart-warming

oy Y7ie )
story of this 23"

% display, and

' the name of your
nearest Field [
Engineer, call or
write:
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TELEMETRISS INC. ‘l

A subsidiary of Technical Measurement Corp.

FAIRVIEW ST., SANTA ANA. CALIFORNIA
(714) 546-4500, TWX: 714-546-3048

retaliatory installations are invulnerable
and, on the other hand, that shelters are
useless. In fact, when discussing civil
defense, the authors say: “The only kind
of shelter that is being seriously consid-
ered these days, for other than certain
key military installations, is the fallout
shelter.” They then proceed to show
that fallout shelters by themselves do
not suffice to render the position of the
defender strong enough. Although they
do not state this explicitly, they give the
impression that they would not be op-
posed to abandoning altogether the fall-
out shelter program as insufficient. The
opposite alternative, to strengthen the
civil defense program by the installation
of blast shelters at important locations,
is dismissed all too easily with argu-
ments that are in no way convincing.
Thus the writers mention the danger of
a short warning time in a surprise attack
but do not mention that a complete sur-
prise is difficult to achieve, and in fact
the two world wars did not break out
without warning. In addition, the shel-
ters could well be located in such a way
that they could be reached by most peo-
ple in the 15-minute warning time the
writers concede. Similarly, the writers
mention the possibility of chaos and dis-
orientation in shelters but fail to mention
that these dangers are much greater if
no shelters exist. They do not mention
either that the history of past disasters
does not bear out their fears of anti-
social behavior as long as proper leader-
ship is provided. During the siege of
Budapest people stayed in shelters for
many weeks but continued to cooperate
and help each other. The authors em-
phasize throughout the article that, in
contrast to an attack of World War 1II,
a nuclear attack that is 10 percent effec-
tive would be considered successful.
This would hardly be the case if the
population were well sheltered. Hence
a combination of antiballistic missiles
and shelters seems to hold more promise
of reducing the “overbalance” of offense
over defense than any other measure
known to me.

Finally, and perhaps most impor-
tantly, the authors do not mention that
no nation will dare to disarm if its popu-
lation remains exposed to the awesome
dangers the authors so well depict.
Hence civil defense is also a prerequi-
site to disarmament.

Let us come finally to the “extrapola-
tions” contained in the reports of the
daily press. Many of these were crude
exaggerations that may have served a
useful purpose, however, by attracting
attention to the article. They were en-
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couraged by the mode of communica-
tion of the article, which made most of
its points by implication. However, the
result often approached the bizarre.
Even The New York Times headline
reads “Disarmament Is Called the An-
swer to ‘Stalemate,”” as if it were de-
sirable to have a checkmate ending to
the game. The words “stalemate” and
“disarmament” occur once each in the
article, the former toward the middle
and the latter as the last word.

A more nearly justified “extrapola-
tion” made from the article is that no
further methods of offense or defense
need be explored, that is, that military
science is a complete and closed book.
Even this is only implied by the article.
To evaluate it, it may be useful to re-
call similar statements about other areas,
in particular about physics. These were
made around the turn of the century,
before the advent of atomic theory, be-
fore virtually any knowledge of the nu-
cleus, before quantum and relativity
theories, before any inkling of the re-
sults of almost all areas that are at pres-
ent at the center of interest of research
in physics. Statements of this sort mean
partly that those who make them have,
at the time of making the statements, no
promising ideas in the field about which
they speak. Others may have such ideas,
and those making the statements may
themselves conceive such ideas at a
later time. The statements in question
also appear to herald the impending
initiation of new lines of endeavor. In
the case of physics this was the tum to-
ward microscopic phenomena; in the
area of “weaponry” it may well be the
exploration of a more effective defense.

Having stated the areas of disagree-
ment, it would be well to reemphasize
the agreement with what appears to be
the main thesis of Wiesner and York: the
importance of not relying on physical
power alone. It is a truism that the pur-
pose of power is only the achievement
of certain goals, called national objec-
tives. However, military power, like
police power, works best when it works
through its presence rather than by ac-
tive involvement, and when it is sup-
porting persuasion to follow rules of
conduct that are just and reasonable.
Certainly included is the rule to leave
our country free to follow its own path
of independence and individual free-
dom.

EuGeENE P. WIGNER

Princeton University
Princeton, N.J.



Who Would Believe That Rubber Itself Needs A Cushion?

The citizens of Boston were among
the first to realize that pure rubber
alone could not stand on its own two
feet. Nor could they stand it on
theirs. More than a hundred years
ago, in the summer of 1823, their
new rubber shoes melted and glued
them to the hot cobblestones of
Beacon Hill. It was obvious that
rubber needed a cushion from the
hard knocks of life.

Of course, the big break came in
1839 when Charles Goodyear acci-
dentally spilled a rubber and sulfur
mixture on a hot stove. The mixture
charred and became firm. Yet it re-
mained pliable, even in freezing
cold. That discovery, vulcanization,
is still the central process in the
rubber industry. And it marked the
start of rubber’s fruitful association
with the chemicals that were to
make it stand up to life more effec-
tively —chemicals Cyanamid began
providing in the 1920s.

Think of rubber this way—as a
basic dough. It must be kneaded
and cooked, and it comes out in
many forms. But spices must be
added to make it come out just
right. Rubber chemicals are the
spices. They make tires come out
strong and tough; they make rubber

bands stretchy and snappy, and they
make rubber gloves softly pliable.

In addition, the company fur-
nishes colorants such as titanium di-
oxide, the white pigment that goes
into white-wall tires. Cyanamid is
also vitally interested in synthetic
rubber, though not as a mere substi-
tute for the natural product.

The interest in synthetics has
grown because natural rubber is
still being asked to do more than
can reasonably be expected of it.
The environments in which it is
used become ever hotter and more
corrosive. Believing that chemical
additives have done about as much
for natural rubber as possible,
Cyanamid scientists turned to syn-
thetic elastomers. Like rubber, a
natural elastomer, the synthetics are
composed of complex, bedspring-
like molecules all coiled and tangled
up. You can stretch them or squeeze
themand theyspringback. Cyanamid
is marketing products in two prom-
ising areas.

First are the acrylic elastomers—
soft and pliable but, unlike rubber,
they can withstand blasts of hot oil
and hot air without going to pieces.
This makes them ideal for things
like auto transmission seals which

CYANAMID

AMERICAN CYANAMID COMPANY
WAYNE, NEW JERSEY
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must be flexible but which also must
hold the oil in the system even at
400°F. Cyanamid’s Cyanacryl®
acrylic elastomer not only holds up
but helps make possible the longer
warranties car manufacturers are
offering today.

A second group of synthetics
are the polyurethanes. Cyanamid’s
Cyanaprene® elastomer can be made
soft as crepe or hard as metal. This
material is amazingly resistant to
wear and abrasion, qualities which
make it perfect for automobile fan
belts, solid industrial tires, even heel
lifts for women’s shoes.

Nor are elastomers the end of the
line. Cyanamid is now working on
a third generation of materials
called plastomers. These combine
the hardness of plastic with the resil-
ience of elastomers. Wondrous,
isn't it?

Yes, so wondrous is the world of
rubber and its cousins that we may
one day use rubber in roads and in
moving sidewalks. Although no one
really knows all the ways we'll be
using rubber, one thing is certain—
we’'re sure to have a ball with it.
And at Cyanamid, we’re busy find-
ing out how many different ways we
can make it bounce.



Here are 9 uses for 1IN
How many more do you know?

Sensitizing glass and
plastics before
metallizing

Tanning agent
Mordant in dyeing of
textiles

Sugar bleaching
Liquor finishing of
copper wire
Production of
transparent,
electroconductive films
on glass

Weighting of silk
Toothpaste additive
Stabilizer of hydrogen
peroxide
Anthelminthic
Catalyst for one-shot
urethane foams
Catalyst for preparing
polyesters

Plating chemicals
Stabilizer in polyvinyl
chloride

Wood preservation
Slimicide in paper-pulp
mill water systems
Germicide in hospital
environment
Pesticides
Antifouling composition
for marine applications
Polymerization catalyst
of olefins

Food containers
Beverage cans

Gas meters

Toys

Crowns and caps
Cable sheathing

Air cleaner parts
Dairy equipment
Kitchen utensils
Refrigerator coils
Meat grinders
Tin-washed lead pipes
Beater bars used in
paper mills

Piston rings

Bearing shells
Shipping drums
Thimbles

Safety pins

Paper clips

Staples

Watch parts
Refrigeration
equipment

Scientific and optical
apparatus

Costume jewelry
Builders’ hardware
Handbag frames
Forks and spoons
Lamp reflectors
Carburetor parts
Fuel tanks
Rivets in aircraft
Motorcycle parts
Connectors for
aluminum cables
Switchgear
Corrosion protection
of steel
Curing ebonite
Distilled water
condensers
Cooling coils in
chemical plants
Packing glands of
pumps of food
machinery
Pharmaceuticals
Jewelry
Pumps
Valves
Turbine blades
Evaporators
Bushings
Washers
Nuts
Bolts
Bearing backings
Piston rings
Diaphragms
Statuary
Bell metal
Plaques
Abrasive wheels
Wire screen for paper
mills
Air frames
Propellers
Automatic pilots
Radiators
Auto body solders
Gas meters
Telephone equipment
Thermostat bellows
Marine engines
Mining machinery
Domestic utensils
Monotype
Linotype
Boiler plugs
Automatic fire
sprinkler systems
Foundry patterns
nd dies

Still more uses. We haven’t room
to print our full list of over 300
uses. We will gladly send you the
listing free if you will write us.

Straits Tin. Tin is so amazingly
versatile a metal that it might well
hold the answer to one of your
current or future problems. So keep
tin’s usefulness in mind. And re-
member, Straits Tin from Malaysia
is the world’s standard for quality

and uniformity . .

. 99.899 purity.

Straits is to Sn as Sterling is to Ag.

The Malayan Tin Bureau
Dept. 39-M, 2000 K St., N.W.
Washington, D.C. 20006

o0 AND 100
YEARS AGO

“One of the

DECEMBER, 1914:
great surprises of the war, at least for
the general public, has been the com-
plete inactivity of the battleships and
battle cruisers of Great Britain and Ger-
many. When war was declared and the
mighty fleet which had just been re-
viewed by King George disappeared
suddenly to the eastward, the world
awaited with breathless interest the first
tidings of that long-talked-of battle be-
tween dreadnoughts, which was now
apparently about to be fought some-
where in the North Sea. Although the
war is now more than four months old,
the public is still awaiting that Homeric
contest. When we bear in mind the
enormous size and strength of the two
navies, it will be seen that such cruiser
and submarine actions as have taken
place must be regarded as mere outpost
affairs which have had practically no ef-
fect upon the first-line fighting strength
either of Great Britain or Germany. The
dreadnoughts of the two navies total
together nearly half a hundred ships.
For four months they have been with-
in a few hours’ steaming of each other
and keyed up to the highest pitch of
fighting efficiency. Yet in all this time
not a single gun has spoken! To the
naval strategist this silence is the token
of a victory as complete as any that
could be won by the shock of 12-inch
salvos and the wrecking of armor belts,
turrets and barbettes; for it is the un-
spoken evidence of the persistent, re-
morseless pressure of the most remark-
able blockade in all the history of naval
warfare.”

“A paper was presented at the French
Academy of Sciences relating to re-
searches made by M. Maurice Curie,
nephew of the late scientist, upon the
different atomic weights of lead. The
radio-active theories according to which
certain bodies, such as radium or ura-
nium, can evolve in the course of time
and become transformed to other ele-
ments place the metal lead as the last
term of the series of changes. Another
very curious idea is that if, instead of
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taking the radium-uranium family, we
consider the thorium group, it is found
that the last term of the evolution series
is a body whose atomic weight is still
very near that of lead. It was therefore
of fundamental interest to verify these
conclusions and see whether the metal
lead which is found in uranium ores
and the metal which is found in thorium
ores have or have not the same atomic
weight as the lead extracted from ga-
lena. M. Curie made such researches
and found that ordinary lead from ga-
lena has an atomic weight of 207.01,
whereas lead from uranium ores shows
a clearly inferior value of 206.5. Metal
from thorium ores gives a higher value
of 207.1. The conclusions of theory are
thus confirmed, and it is admitted that
there are several varieties of lead hav-
ing different atomic weights, according
to the initial metal from which they
were derived. A new field of research is
thus opened, and perhaps other metals
will be found to present distinct atomic
weights according to their origin, show-
ing that the phenomenon of transmuta-
tion is much more general than is sup-

posed.”

“A correspondent of one of the Lon-
don daily papers at Copenhagen speaks
of a report from Hamburg to the effect
that two unusually large submarines
have been completed for the German
navy and are making trial trips at the
mouth of the Elbe. According to the
report these submarines are four times
the size of any existing vessels of this
type, with a radius of action which will
enable them to keep at sea for 40 days
without having to replenish their oil
tanks and stock of stores or even have
recourse to the submarine tender. It is
quite conceivable that, in view of the
enormous offensive power of such a
craft, the Germans may be springing
a surprise in underwater craft similar to
that which they gave with the 16-inch
gun in siege artillery.”

DECEMBER, 1864: “Canal boats in

North Carolina are armed with the
Gatling gun as a protection against
guerillas. The Gatling gun is a novel
piece of ordnance: it consists of six
chambers, which are made to revolve
around a central barrel by means of
a crank. The charges are poured into a
hopper and the gun is self-loading. It
will throw from 75 to 100 balls per



Report from

BELL

LABORATORIES

NEW MATERIALS FOR COMMUNICATIONS

At Bell Telephone Laboratories we believe that progress in communications technology depends

directly on our ability to understand the fundamental behavior of materials, to synthesize new materials

with special properties, to improve existing ones, and to specify their use in Bell System communi-
cations equipment. The six examples shown below illustrate research and development of this kind.

[ S s

SUPERCONDUCTOR. Experimental 75 kilo-
gauss superconducting solenoid. Wire
consisting of compacted niobium and tin
in a niobium jacket is wound and later
heated to form niobium-tin compound
(NbsSn), which has a transition tempera-
ture of 18° Kelvin and a critical field greater
than 200 kilogauss. Compound and wire-
forming technique were developed at Bell
Laboratories.

]

INSULATOR. Electron microscope photo-
graph of polyethylene, 9800 diameters
magnification, showing overlapping ribbon-
like crystals, a structure characteristic of
many polymers. At Bell Laboratories,
studies of the formation of such groups
of crystals have contributed to an under-
standing of the electrical and mechanical
properties of these materials.

THIN-FILM RESISTORS. Tantalum thin-
film resistors (zigzag patterns above) offer
new possibilities for reliable, low-cost cir-
cuits. Bell Laboratories people discovered
how to fabricate films routinely with values
precise to one part in five thousand, and
with expected aging during a 20-year life
of less than one partin a thousand.

—~ N _-_e-mﬁ'=__-—_i
MAGNETIC MATERIAL. Remendur, latest
member of a large family of high-perfor-
mance magnetic materials developed at
Bell Laboratories, is shown here in sheet
form and as element of new telephone
switch. A malleable, ductile cobalt-iron-
vanadium alloy, Remendur has a rema-
nence of 21,500 gauss.
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Bell Telephone Laboratories

Research and Development Unit of the Bell System

SEMICONDUCTOR. Beginning inthe 1930's
Bell Laboratories people carried out exten-
sive studies of semiconductors—studies
that led to the invention of the transistor.
Photograph shows crystals of zinc oxide, a
semiconductor with piezoelectric proper-
ties, grown at Bell Laboratories by a hydro-
thermal method.

A

LASER MATERIAL. Among many materials
developed at Bell Laboratories is nickel-
doped magnesium fluoride, shown here
as grown from melt and in polished rod
form. Laser action in this material generates
lattice phonons as well as a beam of coher-
ent infrared photons.

I5



One of a series briefly deseribing GM's research in depth

Design Augmented by Computers

. .. 1s a current important focus of research at the
General Motors Research Laboratories. Recently, for
example, we announced our experimental GM DAC-I
system (Design Augmented by Computers), a large
computer complex under development since the

late 1950’s.

Still in the prototype stage, this new design system
enables the designer to walk into our man-computer
communication laboratory with a drawing . . . work
on a design problem using an immense reservoir of
programs and data stored in the computer . . . and
walk out with one or more new drawings under his arm.

These amazing capabilities have come from a string
of noteworthy advances in computer hardware and
software tied neatly into an operational on-line
system. For example, a program-controlled image
processor can read free-form curves from drawings
directly into the computer. A graphic console permits
dynamic two-way “conversational communication”
of graphic information between designer and computer.
Intricate programming systems permit efficient time-
sharing of the computer’s central processing unit and
space-sharing of its core memory. Permanent
photographic copies of new designs are available
within 30 seconds.

The General Motors DAC-I system is currently being
studied by GM’s Fisher Body and Styling Staff
designers to determine the feasibility of utilizing man-
computer teams in the design of automobiles. [t’s
another example of how General Motors is opening
the door to a more productive, more creative tomorrow.

General Motors Research Laboratories

Warren, Michigan

Top photo shows a designer at the graphic console of the GM DAC-I system.
Underneath are computer-produced displays of what he sees when he enlarges,
changes views or modifies a design stored in the computer memory.
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minute, the number of discharges de-
pending upon the speed with which
the crank is turmed.”

“The Army and Navy Gazette of Lon-
don says:—"We are informed that in the
construction of Mr. Reed’s new ship,
the Lord Warden, there will be em-
ployed at least 500 tuns of toughened
steel manufactured under the process
known as Bessemer’s. The advantages
derived from the employment of this
improved material are so obvious that
it is daily attracting increased attention
from the authorities at Whitehall. We
are told that this cast steel is much
tougher and stronger than wrought iron
and less liable to fracture. In conse-
quence of its extreme toughness a shaft
may be reduced in weight and yet lose
nothing of its required strength. Also
there is less friction with steel than with
iron. Thus steel shafts work with great-
er ease than those of iron, and lastly,
experience has proved that the dura-
bility of steel shafts is three times as
great as that of iron.””

“D. Appleton & Co. of New York
have just published The Correlation
and Conservation of Forces, a series of
expositions by Prof. Grove, Prof. Helm-
holtz, Dr. Mayer, Dr. Faraday, Prof.
Liebig and Dr. Carpenter, with an in-
troduction and brief biographical notice
of the chief promoters of the new views
by Edward L. Youmans, M.D. This
volume is devoted to the elucidation of
a new philosophy of forces and unfolds
the sublimest and most harmonious
views of the order of the universe to
which the human mind has yet attained.
The authors are among the ablest men
of science in Europe and their names
are a supreme guarantee of the interest
and authoritativeness of the work. The
founders of the new doctrines are in
this case also its expositors and the book
combines in an unparalleled degree the
philosophy of the original discoverer
with thorough simplicity and popularity
of statement. Dr. Faraday says that the
conservation of force is the highest law
of physical science which our faculties
permit us to perceive. Herbert Spen-
cer says it is the highest law of all sci-
ence. Prof. Tyndall says that these dis-
cussions open a region which promises
possessions richer than any hitherto
granted to the intellect of man. No
one who cares to understand the great
tendencies of modern thought and the
majestic advance of science into new
regions can afford to be without this
work.”

Two shades of red, just 5 megacycles apart

Though the idea is unconventional, and perhaps somewhat
startling, you can correctly describe color in terms of fre-
quency when your light source is the new Model 119 CW
gas laser. Light from two of these single-frequency lasers,
shown above in an optical heterodyne configuration, com-
bines at the beam-splitting optic and an electronic differ-
ence frequency is generated at a photo-diode located in
the housing at the left.

On the oscilloscope is an actual 5-Mc ‘“‘beat note’’ arising
from the difference in the oscillation frequencies of the two
lasers — a difference which can be varied, by means of a
tuning control on the laser, over a range of more than 1 Gc
centered at a frequency of approximately 5 x 10'* cps. Fre-
quency stability is better than one part in 6 million per day;
with an optional servo control plug-in, it is better than one
part in 100 million per day.

As a highly stable, coherent source of intense optical ra-
diation, the Model 119 stands alone in its performance
capabilities, If it stimulates your interest, for use in optical
heterodyning investigations (as shown), illumination of long
path-difference interferometry, or related studies, we will
be pleased to have the opportunity to send you additional
information. Write us at 1255 Terra Bella Avenue, Mountain
View 2, California, or telephone (415) 961-2550.

E Spectra-Physics
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‘‘POLAROID* AND ‘‘POLACOLOR”’ ®

How will the ecyan know when it’s
had enough magenta?

The silver halide will tell it.

What happens inside a packet of Pola-
color film during the minute it takes to
make a color picture?

The illustration on the left gives you
some idea. It shows the progress of the
development at 10-second intervals. But,
of course, it isn’t close to being the whole
story.

In essence what happens is that 93
minutes of color laboratory processing
have now been compressed into 60 sec-
onds of activity inside the film packet.

Many people, to be sure, couldn’t care
less about the hows and whys of this
major achievement in photographic his-
tory. They are quite content with the
results—the clear, rich colors, the deli-
cate, accurate skin tones of the pictures
they get in just 60 seconds.

But for the curious (and if you're still
reading, you're one) here are the salient
details.

The film negative is a sandwich of
many layers—among them layers which
contain three dyes: cyan, magenta and
yellow. Each dye is combined in a unique
molecule with a developer. (This is a
major difference between Polacolor film
and other color films. Their dyes have
to be manufactured during the lengthy
processing period and variations in proc-
essing can result in variations in the
colors of the dyes.)

Each of these 3 dye-developer mole-
cules inhabits a separate layer of the
negative. A layer of silver halide is placed
next to each of these layers, in this man-
ner: blue-sensitivesilver halide goes over
the yellow dye; green-sensitive silver hal-
ide over the magenta dye; red-sensitive
silver halide over the cyan dye.

Each layer of silver halide molecules
controls the dye layer under it. If the
silver halide remains unexposed after the
picture is taken, the dye beneath it can

pass through and deposit itself on the
positive or final picture. However, if the
silver halide is exposed, it traps the dye
beneathit. Forexample,should the green-
sensitive silver halide be exposed, it
would block the magenta dye from get-
ting into the finished picture.

What starts the colors moving in the
first place? An alkaline viscous process-
ing reagent. It starts the process and
keeps it going.

What stops the process? A special tim-
ing layer in the positive (where the pic-
ture is printed). This layer holds up the
reagent until the last few seconds of
processing. Then it permits the reagent
to seep through and meet large acid mol-
ecules imbedded deep in the positive.
This neutralizes the alkaline reagent,
thereby stopping the process.

Bear in mind that all these components
exist in a film packet only thousandths
of an inch thick. So the problem of con-
trolling them becomes infinitely delicate,
infinitely complex. To explain it, let’s
take a hypothetical picture. Something
all blue in color.

When we snap our picture, the shutter
opens and blue light floods in from the
subject. This exposes the silver halide in
the blue-sensitive layer. The silver halide
in the red- and green-sensitive layers re-
mains unexposed.

As we pull the film packet from the
camera, the packet passes through a set
of rollers. These rollers squash a pod
filled with the reagent and spread it
evenly between the positive and the neg-
ative.

The reagent activates the dye-developer
molecules. They begin migrating toward
the positive. But the yellow dye can’t go
anywhere. It’s trapped at the exposed
blue-sensitive silver halide layer.

However, the magenta dye (beneath
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the unexposed green-sensitive silver hal-
ide layer) and the cyan (beneath the
unexposed red-sensitive silver halide lay-
er) are free to migrate. And they do.

They deposit themselves on the posi-
tive, where they combine to form a shade
of blue. The exact shade will depend,
again, on the silver halide. (And so the
headline says.)

If the shade of blue photographed has
a suggestion of green in it, some of the
silver halide in the green-sensitive layer
will be exposed. Then, less of the ma-
genta under this layer will get through to
the final print. The cyan will still come
through full strength, because it is under
the completely unexposed red-sensitive
layer of silver halide. And thus the pic-
ture will be a deeper (more green) blue.

Once the colors are deposited on the
positive, we’re in the last few seconds of
processing. Now the alkaline reagent is
allowed to seep through the timing layer
and meet with the immobile acid mole-
cules. With the neutralizing action, the
process is terminated and we peel apart
the film packet to see our picture.

All of this has taken place in the proc-
essing of a simple picture with one color
in it. When the picture is, for example,
a child’s face or a field of flowers, the
process is infinitely more complex.

Obviously, some formidable problems
had to be solved in the development of
60-second Polacolor film. In effect, we
had to come up with a completely new
color process, basically unlike any that
had existed before.

Our success—not merely in a technical
sense, but by esthetic standards as well—
has added a new dimension to color pho-
tography as practiced by professionals
and amateurs alike.

POLAROID CORPORATION



PROBLEM SOLVERS
FOR ALMOST ANY
COATING SITUATION

Thisisananswer tocoating problems
for products made of just about any-
thing—metal, wood, paper, vinyl,
rubber, you name it. Geon solution
resins offer protection against
weather, mechanical damage, oils
and greases, salt water, corrosive
atmospheres, mostacidsandalkalies.

If you want to protect a product,
economically, chances are there's a
Geon resin that will do the job. You
can get coatings that are glossy,
tasteless, non-flammable, odorless,
low on water vapor transmission, or
FDA accepted for food packaging
applications.

The choice of application methods
is complete—spraying, dipping,
brushing, or roll coating.

In the wide selection of Geon solu-
tion resins you can find one whose
combination of properties is most
suitable for an application you have
in mind. You can consider function of
the film, desired properties, and
relative cost. We can help you take
into account the differences in molec-
ular weight, resin solubility, solids
content, and physical properties of
the finished coating.

Let us help you evaluate Geon solu-
tion resins for specific product ap-
plications. Write B.F. Goodrich Chem-
ical Company, Depart-

ment EA-12, Cleve-

land, Ohio 44115.

In Canada: Kitchener, @
Ontario.

B.EGoodrich Chemical
Company

a dwision of The B.F.Goodrich Company
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Republic Aviation’s shock tunnel data system
uses PB250 computer and Raytheon digital equipment

Raytheon PB computer acquisition creates
strong new EDP source

By its recent acquisition of the
Packard Bell computer division, Ray-
theon has clearly announced its inten-
tion to become a significant factor in
the fields of scientific and real time
computers.

Included in the acquisition is one of
the most advanced computers currently
available to the engineering/scientific
community. The Model PB440 is char-
acterized by a unique dual memory
stored logic concept which provides un-
usual operational speed and efficiency
as well as unparalleled flexibility. This
enables the user to duplicate in one ma-
chine the individual capabilities of a
number of presently available com-
puters. A second model, the PB250,
one of the first solid state computers

marketed, is presently used in more
than 160 applications and offers low
cost, general purpose computation
capability.

The combination of Raytheon data
processing equipment with PB com-
puters is not as new as the formal or-
ganizational merger. For over a year,
for example, a shock tunnel automatic
recording data system has been in op-
eration at Republic Aviation Corpora-
tion which combines a PB250 computer
with Raytheon multiplexers, analog to
digital converters and power supplies.

Such key elements of scientific data
systems have been a part of Raytheon
digital product lines for several years.
Extremely high speed in their operation,
they complement perfectly the similar,
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extremely accurate equipments ac-
quired from Packard Bell.

As producer of the specialized on-
board computers used in the Polarisand
Apollo programs, Raytheon has de-
veloped advanced packaging techniques
which will find application in other
computers designed for broader indus-
trial and scientific purposes. The PB
computer acquisition provides a com-
mercial outlet for techniques which
were prompted and developed by gov-
ernment needs. Raytheon Company,
Lexington, Mass.

ARAYTHEON
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MODERN COST-CONSCIOUS LABS save in so many sig-
nificant ways by standardizing on Nalgene® labware—the corrosion-
proof plastic line that lasts and lasts and lasts. There are the obvious
savings on breakage. If you drop a Nalgene pipet it just bounces.
There are the immeasurable savings on accidents. No flying slivers.
No acid splash. No injuries. There are the incalculable savings on
important research results as well as valuable contents—they're both
lost when glass shatters. There are even savings in handling and
storage, because Nalgene labware is light in weight, easy to rack and
stack. It pays for itself every time you drop it. Your lab supply dealer

[ ]
from beakers to carboys. Or write for @ NALGENE

can show you hundreds of items,

our Catalog N-164. Dept. 2512, The LABWARE
Nalge Co., Inc., Rochester 2, N. Y. Leader in quality plastic labware since 1949
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immunology of the Walter and Eliza
Hall Institute of Medical Research in
Melbourne, Australia. After receiving
his medical degree from the University
of Sydney in 1954, Nossal spent two
years as a resident at the Royal Prince
Alfred Hospital in Sydney before join-
ing the Walter and Eliza Hall Institute
to study virology with its director, Sir
Macfarlane Burnet. “To my surprise,”
Nossal writes, “and I must admit to a
certain degree to my disappointment,
Sir Macfarlane’s interest had switched
almost completely away from virology
to the newly developing field of im-
munology. He rapidly set me to work
on problems concerned with immuno-
logical tolerance. The next coincidence
happened toward the end of that year.
Sir Macfarlane had just come forward
with his clonal selection theory of anti-
body formation, and I suggested to him
that I try to develop a technique that
I thought at the time would be a critical
test of the hypothesis. This was an
attempt to study antibody formation by
single cells in vitro. By sheer coinci-
dence Joshua Lederberg, at that time
visiting Fulbright Professor at the Uni-
versity of Melbourne, was spending
several weeks at the Institute, ostensibly
to study influenza-virus genetics. Leder-
berg was most captivated by my sug-
gestion and I had the great good fortune
that he offered to collaborate with me
in getting the project off the ground.
We spent an exciting six or eight weeks
working together and laying the founda-
tions for much of my future work.”
After receiving a Ph.D. in experimental
medicine from Melbourne in 1959,
Nossal spent two years at Stanford
University doing further research with
Lederberg into the genetics of antibody
formation. He was appointed to his
present post in 1961.

F. REIF (“Quantized Vortex Rings in
Superfluid Helium”) is professor of
physics at the University of California
at Berkeley. Reif was born in Vienna in
1927 and came to this country in 1941.
After receiving an A.B. from Columbia
College in 1948, he went on to obtain
an AM. and a Ph.D. in physics from
Harvard University in 1949 and 1953
respectively. From 1953 to 1960 he
taught physics at the University of Chi-
cago, where he also did research at the
Institute for the Study of Metals. He
joined the Berkeley faculty in 1960. His
chief research interests have been in
solid-state and low-temperature physics,
particularly in superconductivity and in

| the superfluidity of liquid helium.



Now a computer can get data from England, Iceland
and 98 other lands the instant it’s recorded.

actions on any NCR business machine
anywhere — and at the same time
send the data electronically to your

ing back and forth directly with a
centrally located computer is made
possible by NCR's latest advance in

Imagine being able to record trans-

computer. This new talent for talk-

data communications. We call it the

321 Data Communications Control-

ler. With it, data from as many as
100 sources can flow into an NCR
315 computer simultaneously. And
once there, it can initiate a chain

reaction to up-date all related records.

The 321's potential applications are

almost unlimited for industry, bank-
ing, retailing, government—any de-

centralized operation that needs to

transmit a high volume of data be-
tween scattered points at high speed.

For more detailed information on the
new 321, call your local NCR man. Or

write to NCR, Dayton, Ohio 45409.
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In electronics, things happen when Westinghouse




rubs the sciences together

i,

The integrated circuit tested perfectly,
but our unique Micro-Scan found 2 flaws.

One is in the base lead of the upper transistor (top
arrow). The other is in the common collector junc-
tion (bottom arrow). Standard electrical tests show no
signs of malfunction, but the new Micro-Scan system
developed in our laboratories sees imperfections never
before visible to optical or electron microscopes—with-
out destroying the specimen. And by applying bias to
various active regions of the circuit, a ‘“voltage con-
trast micrograph’ is revealed showing distribution of
surface potentials. This makes it possible to discover
causes and symptoms of failure under actual ‘“power-
on” conditions—so that suitable production-line changes
can be introduced to improve still further the reli-
ability of Westinghouse integrated circuits.

Within the Westinghouse Electronic Components and
Specialty Products Group, molecular electronics meets
microscopy, magnetics, metallurgy, cryogenics and
other solid-state technologies. The result is a unique
interdisciplinary approach to design and product prob-
lems—across an unusually wide range of components,
materials and scientific equipment. Next time, for a
broader perspective, bring us your problem.

Unique 400-amp controlled rectifier runs cooler, deliv-

ers more power. This SCR was designed with the heat sink
as an integral part of the device—a unique configuration
developed by Westinghouse engineers to provide optimum
heat dissipation. The result is a new concept in solid state
technology. And a device that delivers more power, runs
cooler, is smaller, lighter and more reliable than non-inte-
gral combinations of comparable power rating. Type 222.

Now body fluid analyses can be completed while the patient is on the table.

Fast, accurate analyses of trace elements in body fluids
are now being performed in hospital labs by atomic ab-
sorption spectroscopy using Westinghouse hollow-cathode
tubes. Concentrations less than one part per 10 billion
can be measured in a few seconds from a 1 cc. sample.
Before this method, it took hours or even days and many

g

tedious steps. Westinghouse makes over 170 types, in-
cluding several multi-element hollow-cathode tubes. Oil
refiners use them to detect catalyst-destroying poisons;
oceanographers to measure trace metals in the ocean;
soil scientiststoidentify commonelementsandrareearths;
geologists to assay precious metals. How about you?

From integrated circuits to hollow-cathode tubes, Westinghouse offers systems-oriented solutions to component problems.
You’ll find many answers in Westinghouse tubes, semiconductors, integrated molecular circuits, electronic capacitors, instru-
ments and detection equipment, cryogenic systems, transformers, magnetic alloys and magnets, and X-ray systems. For facts
and attention to your problem, write S. N. Donahoe, Marketing Manager, Westinghouse Electronic Components and Specialty
Products Group, Box 868, Pittsburgh 30, Pennsylvania. 1.09004-2

You can be sure if it's Westinghouse
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The widest choice of jet services nonstop coast-to-coast:

UNITED'S RED, WHITE & BLUE

RED CARPET FIRST CLASS
A new and exciting experience in
quality service! Spacious two-and-two
seating. Six-course gourmet dining
service (details below)! Even steam-
ing “fresh-up” towels, and many other
features that will add to your travel
comfort and enjoyment. Make your
next transcontinental trip a Red Car-
pet experience. Sample fare: $160.90
plus tax, between New York and Los
Angeles.

Choose the seat you prefer. It is reserved
for you when you make your flight reser-
vation. On board the jet, you'll find your
seat carefully marked with your name.

Choose from an appetizing selection of
hot hors d'oeuvres, gracefully served
from the skillet. Enjoy these with your
choice of ten different beverages.

STANDARD Only United offers

you this extra choice, comparable to
our distinctive One-Class service.
Roomy two-and-three seating. Your
choice of complimentary beverages,
and a delicious four-course meal. A
new value in transcontinental travel.
Sample fare: $150.40 plus tax be-
tween New York and California.

Dessert “from the cart.” Choose a deli-
cious French pastry. Or imported cheese

. or fresh fruit. Then, with coffee,
choose an imported liqueur...and relax
with a steaming “fresh up” towel.

COACH our special coast-to-coast
combination of comfortable three-
and-three seating, complimentary
beverage, delicious mealand gracious
service. Yet there's no lower jet fare
nonstop between New York and Cali-
fornia . . . only $145.10 plus tax. For
reservations, call United Air Lines, or
see your Travel Agent.

Here are some of the features of United’s Red Carpet First Class

A choice of entrees . . . either beef or
lobster. Your choice, too, of soups, sal-
ads and salad dressings, hot rolls . . .
even a choice of red dinner wine or
champagne.

et
UNITED
e

®

THE NATION’S NUMBER ONE AIRLINE
KNOWN FOR EXTRA CARE

UNITED

NBO2I8D

Look for the RED, WHITE & BLUE: an extra choice of service ... of comfort... of price ... from United, the Extra Care airline.
NONSTOP BETWEEN NEW YORK-LOS ANGELES, NEW YORK-SAN FRANCISCO, NEW YORK-SEATTLE, PHILADELPHIA-SAN FRANCISCO,
WASHINGTON/BALTIMORE-LOS ANGELES, WASHINGTON/BALTIMORE-SAN FRANCISCO AND DETROIT-LOS ANGELES.
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Experiments in Hurricane Modification

By “seeding™ a cluster of clouds near the center of a hurricane with

stlver iodide crystals it may be possible to trigger a self-sustaining

chain of events leading to a reduction in the storm’s wind speed

here can be no doubt that the
I tropical hurricane is one of man’s
most dangerous natural enemies.
During the hurricane season that has
just ended, two successive storms, Cleo
and Dora, destroyed property valued at
more than $300 million in the state of
Florida alone. In 1963 a single huri-
cane, Flora, killed more than 7,000 peo-
ple and caused more than $500 million
in property damage as it swept across
Haiti and Cuba. Until a decade ago the
prospect of mitigating in any way the
vast destructiveness of these storms
was purely conjectural. In recent years,
however, research on hurricanes has
been intensified, and as a result many
of their principal features are now at
least partially understood [see “Hurri-
canes,” by R. H. Simpson, SCIENTIFIC
AMERICAN, June, 1954, and “The Origin
of Hurricanes,” by Joanne Starr Malkus,
SCIENTIFIC AMERICAN, August, 1957].
It is now possible to construct a crude
physical-mathematical model of a ma-
ture hurricane. The fact remains that
hurricane research throughout this peri-
od has been primarily observational and
exploratory. At present man’s best de-
fense against hurricanes is still limited
to the twin strategies of reconnaissance
and forecasting.

This article deals with an entirely
different approach to the hurricane
problem. Instead of merely observing
the formation of a hurricane and plot-
ting its course, we and our colleagues
have attempted to interfere in a critical
area with the delicately balanced forces

by R. 11 Simpson and Joanne S. Malkus

that sustain a mature hurricane. The
basic technique is not new: it involves
“seeding” a certain cluster of clouds
near the “eye,” or center, of the storm
with tiny crystals of silver iodide in
order to release the latent heat energy of
the clouds. In this way we hope to trig-
ger a self-sustaining chain of events that
will lead to a reduction of wind speed
near the eye. To date experiments of this
kind have been performed on two hur-
ricanes; on both occasions the experi-
ments have yielded interesting and use-
ful results. (It might be remarked in
passing that these are among the few
experiments ever performed on an at-
mospheric phenomenon larger than a
single cumulus cloud.) It is still too early
to say whether or not the experiments
will ultimately lead to a practical meth-
od for averting the disastrous effects of
hurricanes, but in view of the extent of
the damage inflicted year after year by
these storms even a small reduction in
their intensity would warrant a large
expenditure of effort and funds. At the
very least the graduation of hurricane
research from an observational disci-
pline to an experimental one seems
certain to result in a considerable im-
provement in forecasting.

mature hurricane is a relatively self-

contained system of atmospheric
circulation. It can be defined briefly as
a large cyclonic system in which the
speed of the winds exceeds 75 miles
per hour. Most hurricanes have a diam-
eter of between 100 and 800 miles and
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a lifetime of from one to 30 days. In
the Northern Hemisphere the winds ro-
tate in a counterclockwise direction,
owing to the effect of the earth’s rota-
tion. The energy on which a mature
hurricane subsists is provided by the
evaporation of warm water from the
surface of the tropical seas where hurri-
canes are born and bred. The heat en-
ergy generated by the evaporation proc-
ess is stored in the form of water vapor,
most of which rises in a ring of towering
cumulonimbus clouds surrounding the
calm eye of the hurricane. As these
clouds grow upward, the water vapor
condenses into rain and thus releases
nearly 90 percent of its latent heat en-
ergy. The remainder is retained unless
the moisture finds an environment in
which it can freeze. A lesser amount of
energy is generated and later released by
the same process in the long, spiral
“rainbands” that give a hurricane its
characteristic appearance on a radar
screen.

It is only when one begins to cal-
culate the total energy required to
maintain a mature hurricane by the
evaporation-condensation cycle that the
true dimensions of the task facing any
would-be modification experimenter be-
come apparent. In a single day a me-
dium-sized hurricane releases as much
energy through condensation as the si-
multaneous explosion of 400 20-mega-
ton hydrogen bombs. Roughly 3 percent
of this energy, or the equivalent of 12
bombs, is converted into the energy of
the winds. Obviously no human resource
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EYE OF HURRICANE ESTHER is seen from directly overhead in as Esther was some 400 miles north of Puerto Rico. Eye-wall

this mosaic of photographs made from an altitude of more than clouds (shadowy area at top) are more than 45,000 feet high.
60,000 feet by a U-2 weather-reconnaissance plane. The five photo- Darker areas are patches of ocean visible through holes in cloud
graphs that compose the mosaic were made on September 17, 1961, layer at bottom of eye. Eye is about 18 miles wide at its bottom.
28
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is capable of competing with such a
formidable enemy in any head-on con-
frontation. Instead one must search
these storms for an Achilles” heel, some
internal instability that can be triggered
in such a way as to set off a predictable
chain of events leading to a reduction in
the storm’s intensity.

Do hurricanes possess such Achilles’
heels? Their notoriously erratic be-
havior suggests that they do. A hurri-
cane can develop, collapse or complete-
ly reverse its course in less than half a
day, often for no apparent external rea-
son. Such behavior could be explained
by postulating the existence of certain
internal instabilities susceptible to small
triggering influences. Paradoxically, the
very existence of these instabilities,
which gives aspiring hurricane-modi-
fiers their main hope, also constitutes a
major obstacle in the way of any clear-
cut experimental result. Since the natu-
ral fluctuations in hurricane behavior
are so large and so poorly understood, it
would be difficult to establish whether a
given change is the result of human in-
tervention or whether the hurricane
would have behaved in the same way of
its own accord.

In most areas of research, when the
experimentally produced effects are
no larger than the natural “noise”
level, the experimenter either has re-
course to “controls” or he can conduct
a long series of similar experiments.
Individual hurricanes seem to differ
far too much to offer any hope that one
might find a comparable pair of them.
Moreover, the small population of hur-
ricanes suitable for experiment means
that a statistically significant repeti-
tion of the same experiment might re-
quire more than a century. Recogniz-
ing these inherent handicaps, we have
based our current set of experiments on
a line of reasoning derived from the
large store of information about hurri-
canes accumulated over the past dec-
ade. Our general plan is to test each
step in this line of reasoning both in
and out of the hurricane context.

The object of our experiments is the
heart of the hurricane’s heat engine:
the towering cumulonimbus clouds that
form the wall of the eye. These clouds
are seeded from the air with silver
iodide crystals in a manner calculated
to disrupt the balance of forces con-
trolling the position of the clouds, so as
to cause their rearrangement and out-
ward migration. A hurricane is essen-
tially a huge atmospheric pump that
sucks air inward near sea level and then
expels it at great heights. Since most
of the warm air ascends in the eye-wall

clouds, their outward migration would
cause an increase in the radius of ascent
of the warm air; this in turn should re-
sult in a reduction in the angular mo-
mentum of the storm and hence in the
maximum speed of its winds. The situa-
tion is analogous to the familiar class-
room demonstration in which the in-
structor stands on a rotating piano stool
with two weights held close to his body;
by extending his arms outward he can
slow his velocity of rotation.

How can seeding the eye-wall clouds
lead to their outward migration? Be-
fore answering this question it is nec-
essary to review some of the historical
background of cloud seeding and par-
ticularly its application to hurricane
research.

Nl standard techniques for the modi-
+ X fication of clouds involve some
scheme for converting the supercooled
water droplets in a cloud into snow or
ice. Supercooled water is liquid water
that has been cooled to below zero de-
grees centigrade; even in the clouds at
the tops of mature hurricanes, where
the temperature is generally colder than
—35 degrees C., water sometimes fails
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to freeze. At temperatures nearer the
nominal freezing point (zero degrees C.)
the water will turn to ice only in the
presence of suitable freezing nuclei.
Often these are insufficient to convert a
large part of the water into ice when
the temperature is warmer than about
—20 degrees. Between this temperature
and zero, however, the water droplets
can be made to freeze by artificially
seeding the cloud with ice or some ice-
like substance.

The two substances most commonly
used to induce freezing artificially are
frozen carbon dioxide (“dry ice”) and
silver iodide. Dry ice creates ice crys-
tals by chilling the adjacent air to a
temperature at which water can freeze
spontaneously. Silver iodide apparently
acts as a freezing nucleus because its
crystal structure closely resembles that
of ice. It is not yet understood whether
seeding with silver iodide causes the
water droplets to evaporate and then
sublimate directly onto the silver iodide
crystals or whether the seeding simply
causes the existing water droplets to
freeze. In any case it is known that
when a cloud of supercooled water drop-
lets is seeded with silver iodide, it be-
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RADIAL PRESSURE GRADIENT in a mature hurricane (black curve) produces forces
that are normally balanced with the centrifugal force of the storm, permitting the air to
whirl around the low-pressure storm center (left) without flying outward. The region in
which the pressure exhibits its sharpest radial decline is in the eye-wall clouds (between
10 and 15 miles from the center). By seeding these clouds it is hoped that the slope of the
pressure curve can be depressed by 15 to 20 percent (colored curve), thereby upsetting the
precarious balance of forces that suppert the structure of a full-fledged hurricane.
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HURRICANE MODEL has been idealized from nearly a decade currents in a hurricane. Large arrow indicates the direction of the

of observations by the U.S. Weather Bureau’s National Hurricane storm’s movement. Side view at bottom represents a section per-
Research Project. Plan view at top shows the characteristic spiral pendicular to the storm’s direction. Most of the energy conversion
bands of rain clouds that closely parallel the pattern of wind that powers a hurricane takes place in towering eye-wall clouds.
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comes filled with snow crystals and
latent heat is released in the process. In
a cloud that contains two grams of su-
percooled water for every cubic meter
of air the conversion could increase the
temperature of the surrounding air by
more than 1 degree C.

The practice of modifying clouds by
artificial seeding began in 1946, when
Vincent J. Schaefer of the General Elec-
tric Research Laboratory discovered
that dry ice could be used to transform
supercooled stratus clouds into snow.
Schaefer’s earlier laboratory experiments
had stimulated his colleague Irving
Langmuir to calculate the nucleation
properties of dry ice and to predict
its effect on clouds. Shortly afterward
another colleague, Bernard Vonnegut,
demonstrated the remarkable seeding
properties of silver iodide crystals. These
discoveries led to the organization of
Project Cirrus, a five-year program for
testing the possibilities of weather mod-
ification by seeding various types of s & 0
cloud. Project Cirrus was carried out
under the direction of the General Elec- HURRICANE BEULAH was the second hurricane seeded in the current Project Stormfury
tric group and was Supported by several series of experiments. The map shows the path of the storm and its position at the time of
Government agencies. the two seeding operations on August 23 and 24, 1963. The aircraft conducting the experi-
ment were based at Roosevelt Roads in Puerto Rico. The numerals indicate days of the
month. Open circles denote position of hurricane at noon; black dots, position at midnight.
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Among the numerous Project Cirrus

seeding experiments was the first
attempt at hurricane modification, con-
ducted in 1947. This first hurricane ex-
periment was purely exploratory. No
testable predictions could be made
about the possible outcome of the seed-
ing; at that time data on tropical storms
were so lacking that the amount of su-
percooled water in a hurricane, to
choose only one factor, could not even
be guessed. The Project Cirrus group
planned to seed a young storm “just to
see what happened”; they hoped that
the cumulonimbus clouds might some-
how be dissipated before having had
an opportunity to become organized
into a well-defined system.

Instead of seeding a young storm,
however, the Project Cirrus aircraft
dropped 80 pounds of dry ice on a
moderately strong hurricane that was
heading seaward about 400 miles off
the Florida coast. The hurricane had a
large eye, about 30 miles in diameter,
and its eye-wall and rainband clouds
towered as high as 60,000 feet. The dry

ice was dispersed along a 110-mile \ ;

inward track that terminated just out- Y v

side the eye wall. Stratus clouds in this —

region were subsequently converted to NAUTICAL MILES
snow over an area of about 300 square T ——

miles. 0 10 20

Unfortunately neither of the two Proj~ BEULAH WAS SEEDED on August 24,1963, along a straight track across the eye wall per-
ect Cirrus aircraft was equipped to pendicular to the direction of the hurricane’s motion. Flight paths of Weather Bureau
monitor the dynamic and structural monitoring aircraft are depicted. Spiral lines indicate the spread of silver iodide crystals.
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CHRONOLOGY of Beulah’s development and decay covers the seven-day period during
which continuous surveillance was maintained. The changes observed shortly after the

second seeding are striking: maximum wind speed dropped more than 30 knots and pres-

sure at storm’s center rose about 15 millibars. (A millibar is equal to 1,000 dynes per
square centimeter.) Problem of relating cause and effect is not a simple one, however, since
the natural fluctuations that occur in hurricanes are at least as large as those shown here.

changes taking place inside the hurri-
cane or to make systematic “before and
after” photographs of the changing
cloud patterns. The only criterion for
judging the effect of the seeding was
the gross behavior of the hurricane dur-
ing the succeeding days. As it turned
out, the experiment became the sub-
ject of considerable controversy; shortly
after the seeding the storm abruptly re-
versed its course and 43 hours later
moved into Georgia, where it caused
considerable damage. The fact that in
any event the large-scale wind systems
surrounding the hurricane would prob-
ably have blocked its continued sea-
ward course further complicated at-
tempts to evaluate the effect af the
seeding.

The whole Project Cirrus experience
taught that rigid precautions must
always be taken to tamper only with
storms that cannot conceivably strike
land within a reasonable time. Unfor-
tunately this restriction limits the num-
ber of Atlantic hurricanes available
for modification experiments to only one
or two a year. The Project Cirrus ex-
periment also showed that unless some
provision were made to monitor the con-
tinual changes in the hurricane’s struc-
ture, wind speed and direction—both
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before and after seeding—it would be
impossible to evaluate objectively the
results of any modification experiment.
It became clear that future experiments
would have to be based on a sound
foundation of knowledge regarding the
internal mechanisms that power a hurri-
cane. If cloud seeding was to be the
technique employed in the experiment,
we had to learn the relation between
cloud dynamics and storm dynamics in
order to make a knowledgeable predic-
tion as to how altering one might subse-
quently alter the other.

These considerations in large part
motivated the establishment in 1955 of
the U.S. Weather Bureau’s National
Hurricane Research Project and the
launching in 1960 of its offspring, Proj-
ect Stormfury, which was set up to
carry out the current series of modifica-
tion experiments. The latter project is an
interagency effort, supported jointly by
the Weather Bureau, the Navy and the
National Science Foundation.

rI*he characteristic feature that distin-

guishes a hurricane from most other
tr()pical storms is its warm central core;
weaker disturbances are generally cooler
at their centers than in their outer re-
gions. Depending on the intensity of the
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hurricane, the temperature at the center
ranges from 3 to 16 degrees C. higher
than the surrounding air. It is this warm
central core that drives the entire circu-
lation of the storm. Moist air is drawn
in at the bottom and spewed out at the
top, releasing heat energy as the water
vapor condenses into rain. The circula-
tion is maintained by a sharp decrease
in atmospheric pressure inward toward
the center. Since the atmospheric pres-
sure above the hurricane does not vary
appreciably from the core outward, the
pressure differential inside the storm
exists because the warm air in the core
is lighter than the cooler air surround-
ing it. The cumulonimbus clouds around
the eye of the hurricane contribute to
the high temperature of the core by
the condensation of water vapor in their
updrafts. Often the air in these updrafts
rises faster than 50 miles per hour, mix-
ing very little with the surrounding air
on its way to the top of the storm.

Although it may seem odd, our pres-
4 ent experiments have the immedi-
ate objective of making these chimneys
of hot air even hotter by seeding them
with silver iodide. By releasing the latent
heat stored in the cumulonimbus clouds
of the eye wall, the seeding should have
the effect of raising the temperature in
this critical region by about 2 degrees
C., thus further lowering the atmo-
spheric pressure at the very point where
it exhibits its sharpest decline. Although
the anticipated drop in pressure would
be only a few tenths of 1 percent, this
would be enough to flatten the slope
of the curve that relates pressure to
radial distance by about 15 to 20 per-
cent [see illustration on page 29].

A little consideration will show that
the slope of the pressure curve on page
29 is proportional to the force acting
inward toward the center of the storm.
Normally this force, or pressure gradi-
ent, is balanced with the centrifugal
force of the storm’s rotation, permitting
the air to whirl around the storm center
at a high speed without flying outward.
Such a delicate balance would be dras-
tically upset by a 15 to 20 percent re-
duction in one of the opposing forces.
The sudden outward motion induced by
such a change could conceivably set off
the self-sustaining disruption we wish
to produce in the entire wind system.
In other words, if the wind speed de-
creases sharply enough with distance
away from the center of the storm (as it
appears to do in many hurricanes), the
region in which clouds are produced,
once its outward migration is initiated,
may continue to move outward—even



into rising pressure. The magnitude of
many of these changes can be estimated
in advance, but we were not yet able to
predict the distance the eye-wall clouds
would migrate outward, nor the conse-
quent amount of wind-speed reduction.
Nor were we able to say whether or
how soon a hurricane might regain its
equilibrium after such a shock. We pro-
posed to answer both questions by actu-
ally performing the experiment and at
the same time to test each link in our
Stormfury hypothesis by careful mea-
surements at several altitudes, before
and after seeding.

wo technical innovations helped to

make our proposed experiment fea-
sible. The first was the invention of an
improved silver iodide generator that
could be dropped like a bomb from an
airplane. This generator, which can
fill a cloud with many more particles
than are commonly used in rainmaking
efforts, was developed by Pierre St.
Amand of the Naval Ordnance Test
Station at China Lake, Calif. Several of
the generators could be dropped in a
radial track across the eye wall, so that
the strong cyclonic winds would carry
a dense sheet of silver iodide crystals
counterclockwise around the center of
the storm [see bottom illustration on
page 31]. We found that the silver
iodide would make a complete circuit
of the eye in an hour or two if it was
not rained out of the clouds or ejected
from the top of the storm.

The second factor contributing to
the feasibility of our plan was the
Navy’s ability to coordinate by radar
the precision maneuvering of 10 spe-
cially equipped aircraft. This task was
accomplished by stationing a “flight
controller” aboard one of the radar-
equipped planes (a Super-Constella-
tion), from which the other aircraft
would be guided along their prescribed
flight paths with respect to the moving
eye of the storm.

Three Weather Bureau aircraft are
employed to make detailed measure-
ments of the core structure for a period
lasting from two and a half hours be-
fore seeding to two and a half hours
after seeding. The three planes, two
DC-6’s and a W-57, fly almost identical
flight paths and make substantially the
same observations at altitudes of 7,000,
18,000 and 40,000 feet respectively.
They measure wind speed, air pressure,
temperature, humidity, liquid-water
content, number of freezing nuclei and
cloud structure. At lower altitudes a
B-26 makes special cloud and rainband
studies. Additional monitoring is pro-

BEFORE SEEDING on August 24, 1963, the large cumulonimbus clouds around the eye
of hurricane Beulah were crowded together in what appeared to be a stable configura-
tion. The drawings on this page were derived from radar data that gave the height of each
cloud, its lateral extent and its distance from the aircraft; the clouds were then plotted on a
map with respect to the plane’s flight path. Small numbers denote height of each cloud in
thousands of feet. Crosshatched areas represent stratus clouds; gray areas are cirrus clouds.
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AFTER SEEDING with silver iodide crystals Beulah’s eye wall was observed to dissipate
and then re-form about 10 miles farther away from the center of the hurricane. The nearest
rainband to the north also moved outward and its cloud towers grew considerably higher.
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SLOPES of pressure surfaces were obtained before seeding (black
curves) and after seeding (colored curves) in several radial direc-
tions outward from the center of Beulah; the specific directions
correspond to legs in the flight paths of the monitoring aircraft
(see bottom illustration on page 31). In each case the region of

vided by a second Super-Constellation,
which circles the eye wall and drops
instruments by parachute in order to
measure the air pressure near the eye of
the storm. Two high-flying aircraft are
used to photograph the changing cloud
patterns from above [see illustration on
page 28]. The ninth and 10th aircraft
(both Navy A3B’s) do the actual seed-
ing of the eye-wall clouds.

Our first opportunity to conduct a

full-scale modification experiment
came on September 16, 1961, when
hurricane Esther was intercepted some
400 miles north of Puerto Rico. Our sec-
ond experiment was run last year on
hurricane Beulah. Since the results of
the two experiments were essentially the
same (with one probable exception) we
shall discuss the more recent one in de-
tail and refer to the first only insofar as
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it differed significantly from the second.

Hurricane Beulah was first detected
on August 19, 1963, as it emerged from
the vast unmonitored region east of the
Lesser Antilles into an area that is nor-
mally patrolled by reconnaissance air-
craft. The map at the top of page 31
shows the path of the storm and its posi-
tion at the time of the two seeding
operations on August 23 and 24. On
August 23 the storm was still immature
and unsteady; the eye wall was an open
semicircle of cloud that was rapidly
changing shape. A sudden shift oc-
curred just before seeding, with the
result that the silver iodide was dropped
in an almost cloud-free region and prob-
ably entered the eye wall too late for
the results to be observed along the
flight paths flown by the Weather Bu-
reau aircraft. We shall therefore concen-
trate our attention on the events of
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maximum slope migrated outward and was reduced. Average re-
duction in pressure in region from 40 to 60 miles from the center
was 16 percent, which is in good agreement with predicted value.
“D” values are altimeter corrections that measure in feet difference
in air pressure from that at sea level in standard atmosphere.

August 24, when the experimental ob-
jectives were more fully achieved.

The illustration on page 32 presents
the chronology of Beulah’s development
and decay for the seven-day period dur-
ing which continuous surveillance was
maintained. The changes observed
shortly after the second seeding are
striking: the maximum wind speed
dropped more than 30 knots and pres-
sure at the storm’s center rose about 15
millibars. (A millibar is a unit of atmo-
spheric pressure equal to 1,000 dynes
per square centimeter.) From this ob-
servation alone we are no more justified
in concluding that the seeding was re-
sponsible for the observed changes than
we would be if we were to conclude
that the 1947 hurricane reversed its
course as a result of the Project Cirrus
experiment. In the case of the Beulah
experiment, however, we were able to



compare the measured changes in the
storm’s core with the quantitative pre-
dictions of the Stormfury hypothesis.

The iliustrations on page 33 are “be-
fore and after” drawings of Beulah’s
cloud structure derived from radar data
obtained by the two DC-6’s. These par-
ticular radar screens gave side views of
the storm, so that the height of each
cloud, its lateral extent and its distance
from the aircraft could be readily de-
duced from the radar data; the clouds
were then plotted on a map with re-
spect to the plane’s flight path. As the
top illustration on page 33 shows, the
cumulonimbus clouds around the eye
wall were crowded together in what ap-
peared to be a stable configuration prior
to seeding. After the silver iodide crys-
tals were released just upwind of the
most concentrated portion of the eye-
wall clouds, the cloud pattern under-
went a large-scale transformation [see
bottom illustration on page 33]. The
eye wall was observed to dissipate and
then re-form about 10 miles farther
away from the center of the storm. The
nearest major rainband to the north also
moved outward and its cloud towers
grew much higher.

This large-scale, outward migration
of clouds shortly after seeding was en-
tirely consistent with the original Storm-
fury hypothesis. Nonetheless, we were
still unable to establish a definite causal
relationship, since next to nothing is
known about the natural fluctuations of
cloud patterns in hurricanes. We must
therefore refer also to the detailed mea-
surements supplied by the monitoring
aircraft to determine if the predicted in-
ternal changes actually occurred.

The graphs on the opposite page de-
pict the pressure curves obtained in sev-
eral radial directions outward from the
center of Beulah, both before and after
the seeding. In each case the region of
maximum slope migrated outward and
was reduced. The average reduction in
pressure gradient in the region from
10 to 40 miles from the center was 16
percent, which was in good agreement
with the predicted value. The graph at
the right shows the variations in wind
speed along one of these radial direc-
tions. Again the region of maximum
wind speed moved outward and the
wind speed itself diminished after the
seeding. The average reduction in wind
speed was 14 percent, and the outward
migration of the maximum region ran ged
from four to 10 miles. All these changes
were also consistent with the Stormfury
hypothesis, but they were well within
the range of the normal fluctuations.

One way to test for causality is to de-

termine if a given set of experimental
results is reproducible. Looking back
to the hurricane Esther experiment of
1961, we found that almost all the
results of that seeding were comparable
to those obtained by the Beulah experi-
ment. In the case of Esther, however,
seeding was followed by the progressive
disappearance of a large part of the eye
wall from the screen of a radar set oper-
ating with 10-centimeter waves [see top
illustrations on next two pages]. The 10-
centimeter return from the eye-wall re-
gion downstream from the seeding track
began to disappear about 20 minutes
after the silver iodide generators were
dropped; 40 minutes later the eye wall
had vanished over a sector 160 degrees
wide. About an hour after seeding the
eye-wall clouds in this sector began to
reappear on the 10-centimeter screen.
Throughout this period a three-centi-
meter radar set on the same aircraft
continued to show a complete eye wall.

The difference in the reflectivity of
the eye-wall clouds on the two radar
sets could have occurred if the seeding
had caused the raindrops in the clouds
to be replaced by smaller drops whose
diameters were less than about 300
microns (the critical size for 10-centi-
meter reflectivity). The alternative ex-
planation is that the seeding converted
the bulk of the precipitation from liquid
drops to some ice form that was less re-
flective for 10-centimeter than for three-
centimeter waves. Before accepting the
freezing explanation, however, it is
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necessary to point out that the 10-centi-
meter radar antenna was not tilted up
far enough to view only clouds above
the freezing altitude. In the case of
Beulah any difference in radar reflec-
tivity was much less apparent, and the
quality of the radar photography was
inadequate to resolve the issue.

Further repetitions of the Stormfury

experiment might require centuries
before we could separate statistically
the man-made changes from the large
natural fluctuations. A three-pronged
attack on this formidable problem is
planned. First, the 1964 hurricane sea-
son was devoted entirely to studying
natural fluctuations in unmodified
storms; from these data a reference
library of various types of storm biog-
raphy will be compiled. Second, a great-
ly intensified Stormfury experiment is
tentatively scheduled for the 1965 sea-
son. This experiment will consist of five
or six seedings of the same storm, re-
peated every few hours.

The third prong of the attack con-
sists of a series of experiments involving
individual clouds outside the hurricane
context. Such experiments are compara-
tively easy to control and may suggest
new approaches to hurricane modifica-
tion. The first tests in this new series
were performed in August, 1963; several
supercooled cumulus clouds were seed-
ed with silver iodide, producing quite
spectacular results [see Dottom illustra-
tions on next two pages]. The clouds

30 40 50 60

DISTANCE FROM CENTER (NAUTICAL MILES)
WIND-SPEED CURVES were obtained before seeding (black curve) and after seeding

(colored curve) along one of the radial directions outward from the center of Beulah (the
direction corresponding to Leg E). Again the region of maximum wind speed moved out-
ward and wind speed itself diminished after the seeding. Average reduction in wind speed
was 14 percent, and outward migration of maximum region ranged from four to 10 miles.

© 1964 SCIENTIFIC AMERICAN, INC

35



RADAR IMAGES of hurricane Esther were received simultaneously by
two different radar sets aboard the same airplane on September 16, 1961.
Both sets gave a plan view of the storm. On the set operating with 10-

grew explosively after seeding, with the
growth taking place in two distinct
stages. For the first 10 minutes or so
after seeding the clouds grew upward
an additional 10,000 to 20,000 feet.
Then they expanded horizontally, more
than doubling their original diameter in
the next few minutes. The giant clouds
produced by the seeding operation usu-
ally persisted for at least another half
hour.

The results of the individual cloud
tests demonstrated the effectiveness of
the silver iodide generators in freezing
the supercooled water in the clouds.
The tests also raised the question, how-
ever, of whether such freezing occurs
naturally in some hurricane clouds at
temperatures warmer than —40 degrees
C. If this actually occurs, the heat re-
leased by freezing may play an impor-
tant role in the natural storm, and it

centimeter waves (top row) seeding was followed by the pro-
gressive disappearance of a large part of the eye wall. The van-
ished region reappeared on this set about an hour after the

might be better to prevent rather than
to encourage its release. So far no tech-
nique for preventing freezing in clouds
is known, but a quantitative modifica-
tion hypothesis could be developed
from the existing data in the event that
some such technique is discovered.

"INhe experiments carried out by the
- Stormfury project do not guarantee
the mitigation of huricane disasters;

EXPLOSION of a supercooled cumulus cloud after being seeded with 25
silver iodide generators took place in two stages. The first photograph
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shows the cloud immediately after seeding. For the first nine
minutes after seeding the cloud grew upward an additional



seeding was completed. Meanwhile a radar set operating
with three-centimeter waves (bottom row) continued to show
a complete eye wall. The difference in the reflectivity of

indeed, they may never do so. What is
more to the point, however, is that we
are now able to perform actual experi-
ments in a full-scale atmospheric labora-
tory in order to evolve and test various
modification hypotheses. It seems cer-
tain that weather forecasting in general
can be greatly improved by apply-
ing a known force to an atmospheric
phenomenon and measuring the re-
sults—rather than patiently waiting to

9:12 P.M.

observe only what nature chooses to
reveal.

Of course entirely different modifica-
tion experiments are conceivable, some
not even involving clouds. For example,
preventing evaporation from the sea’s
surface could remove a source of heat
vital to the maintenance of the hurri-
cane’s warm core. As yet we know of no
technique that could suppress evapora-
tion over large areas of stormy sea, but

the eye-wall clouds could have occurred if the seeding converted the
bulk of the precipitation from liquid drops to some ice form that was
less reflective for 10-centimeter than for three-centimeter radar waves.

even if we did, the Stormfury experi-
ence shows that technique alone is not
enough. The high natural “noise” level
in  hurricanes makes an experiment
worthwhile only if it is based on a test-
able hypothesis that predicts at least
some of the outcome quantitatively.
Further development of this combined
theoretical and experimental approach is
needed if hurricane modification is to
become more than a vague hope.

14,000 feet (second photograph). After 19 minutes it began to
expand horizontally (third photograph), almost doubling its

© 1964 SCIENTIFIC AMERICAN, INC

original diameter by 38 minutes after seeding (fourth photograph).
Object at extreme right is the wing-tip fuel tank of the control aircraft.
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THE GEOLOGY OF THE MOON

With the technique of stratigraphy the geologist can ascertain

the relative age of lunar features. The resulting interpretation

of the moon’s surface 1s supported ]:)y the Ranger pictures

eology is fundamentally a histori-
‘ cal science. From the study of

stratigraphy—the layering of ma-
terials—the sequence in which major
events have occurred on the solid sur-
face of the earth can be deciphered. To
determine such a sequence the geologist
utilizes the principle of superposition:
when one geologic feature is superposed
on another, the first feature is normally
younger than the second. For several
years my colleagues and I in the U.S.
Geological Survey’s Branch of Astro-
geology have applied this principle, to-
gether with some new techniques, in a
study of the geology of the moon. Our
work, which has been based on tele-
scopic observations, photographs and
measurements, will be greatly aided by
high-resolution photographs obtained
from spacecraft such as Ranger 7.

The investigations completed thus far
have enabled us to establish a geologic
time scale for nmjor events on the moon.
We have also undertaken to work out,
within broad limits, a correlation be-
tween lunar and terrestrial geologic
time. We expect that the study of lunar
geology will help to answer some long-
standing questions about the early evo-
lution of the earth. The moon and the
earth are essentially a two-planet sys-
tem, and the two bodies are probably
closely related in origin. In this connec-
tion the moon is of special interest
because its surface has not been sub-
jected to the erosion by running water
that has helped to shape the earth’s sur-
face. The chances are therefore good
that the geologic record of very early
events is still preserved on the moon.

To describe our work I shall first dis-
cuss in some detail the topographic
characteristics of the typical large lunar
crater Aristoteles, because the close
examination of such characteristics
reveals the keys to deciphering lunar
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stratigraphy. Then, working backward
in lunar geologic time, I shall show how
we have applied these keys in one large
area of the moon, the Mare Imbrium
and its environs. After the major events
that have occurred in the area of the
Mare Imbrium have been placed in
their proper chronological order, it will
be appropriate to venture some specu-
lation about the nature and causes of
these events. Finally I shall describe
our effort to correlate lunar and terres-
trial geologic time.

A‘istoteles, which is far to the north on

the moon along the margin of the
Mare Frigoris, is about 55 miles in di-
ameter from rim crest to rim crest. It is
portrayed vividly in the middle photo-
graph at the top of pages 44 and 45.
This photograph, one of the finest ever
obtained of the moon, was made by
George Herbig two years ago with the
120-inch telescope at the Lick Observa-
tory. The photograph clearly reveals
some features of the crater that are
typical of many lunar craters of this
size. Among them are a series of terraces
on the inner wall of the crater and a
crater floor that is noticeably smoother
than the surrounding terrain but dotted
with low peaks. I call attention to the
photograph, however, primarily because
it shows with unusual clarity the kind
of detail needed for unraveling the lunar
stratigraphy. These details appear main-
ly on the rim of the crater and on the
lunar surface outside the rim.

Looking at the rim, one sees a dis-
tinctive hummocky terrain. Near the
crest of the rim the hummocks are ir-
regular and more or less randomly ar-
rayed hills. Moving outward from the
rim the eye discerns that the hummocks
and depressions gradually become linear
ridges and valleys, arranged almost radi-
ally around the crater. The relief of the
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ridges gradually diminishes until, at a
distance from the rim crest roughly
equivalent to the diameter of the crater,
it disappears.

Extending outward from the perime-
ter of the Aristoteles’ rim are a myriad
of small, closely spaced craters. These
craters, which look like a series of
gouges on the lunar surface, we have
called secondary craters. They are sec-
ondary in the sense that they form a
pattern that shows they are associated
with a single large crater to which we
refer as a primary crater.

The secondary craters are the most
important features for establishing su-
perposition on the moon’s surface. Such
craters typically have low or irregular
rims; in some cases the rims cannot
be distinguished at all. The secondary
craters also are shallower in proportion
to their width than are most of the
other small craters scattered over the
surface of the moon. With increasing
resolution the larger secondaries are
found to be several craters strung to-
gether. This too is characteristic of
secondaries.

In the upper part of the photograph
the secondary craters associated with
Aristoteles can be traced out onto the
plainlike area that is the surface of the
Mare Frigoris. From the principle of
superposition it is evident that the for-
mation of secondaries represents an
event or series of events that occurred
after the formation of the mare. The
event or events that created Aristoteles
and its secondaries took place later than
the event that created the mare. By
tracing the secondaries as they appear
on top of some lunar features and as
they are covered by or disappear below
others one can use the principle of
superposition to establish the age of a
primary crater with respect to other fea-
tures of the lunar landscape.



It is now possible to turn to the ap-
plication of the principle of superposi-
tion to the unraveling of the stratig-
raphy of the region around the Mare
Imbrium. I shall begin by discussing
two primary craters just south of the
mare. They are Copernicus and Eratos-
thenes. In the photograph at top right
on page 45 Copernicus is at the lower
left and Eratosthenes at right center.

Copernicus, which is about the same
size as Aristoteles, is one of the most
prominent “ray” craters on the moon.
The rays are the bright streaks extend-
ing out from the crater rim like a huge
splash. In the photograph one can see
that Copernicus has many of the same
features that characterize Aristoteles:
terraced inner walls, a roughly circular
floor of generally low relief with a few
scattered peaks, and finally a rim with
rounded hills and ridges combined in a
hummocky array that lacks obvious
alignment near the crest of the rim
but continues gradually outward into a
system of elongated ridges and depres-
sions with a faint radial alignment.
Again the relief of the ridges diminishes
until at a distance of about one crater
diameter from the rim it disappears and
gives way to the swarm of secondary
craters. A continuous bright halo sur-
rounds Copernicus and is coincident
with its rim.

GUERICKE AREA of the moon appears in a photograph made with the 100-inch reflecting
telescope on Mount Wilson. The photograph indicates the amount of lunar detail visible
in terrestrial observation, which is limited by the turbulence of the earth’s atmosphere.

r]‘he ray system, which extends more

- than 300 miles outward from Coper-
nicus, consists mainly of arcs and loops
of highly reflective material on a gen-
erally dark part of the lunar surface.
In their reflectivity the rays are essen-
tially an extension of the bright crater
rim.  When examined in detail, the
major arcs and loops are found to con-
sist of feather-shaped streaks, arrayed
side by side or in echelon, with the long
axes of the streaks arranged almost
radially with respect to the center of
the crater. Within the rays, and pre-
dominantly at the ends of the ray ele-
ments nearest Copernicus, are the elon-
gated secon(lary craters. One thing
shown by the Ranger photographs (for
the rays associated with the crater
Tycho) is that many small secondary
craters, too small to be resolved by
telescopes on earth, occur at the near
end of each ray element.

The rays override virtually every
feature in their path. Under full-moon
illumination, when the rays are most
easily observed, Eratosthenes is found
to be among the features overlain by
the rays of Copernicus; the rays extend

! SAME AREA appears in a photograph made on July 31 from the Ranger 7 space vehicle at
up the rim and also run across the j distance of about 470 miles from the moon. The field of view in this photograph and pho-
floor of Eratosthenes. In fact, even part  tograph at top differ somewhat because angle of view and illumination were not identical.
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FACE OF MOON as seen from the earth is shown in these photo-
graphs made with the 36-inch telescope at the Lick Observatory.
The two hemispheres of the moon were photographed separately
in order to obtain the best illumination in each. The photographs

of the continuous bright rim of Coperni-
cus overlaps the rim of Eratosthenes.
Trom this superposition, then, it can be
seen that Copernicus and its associated
rim-and-ray system and secondary cra-
ters are younger than Eratosthenes.
The rim-and-ray system constitutes a
deposit that partly conceals the under-
lying and preexisting parts of the moon’s
surface. We have established Coper-
nicus as the characteristic locality for
the whole system of rim deposits of ray
craters on the moon. The primary ray
craters vary in age from one crater to
the next, but they are nearly every-
where younger than other features on
the moon’s surface. My colleagues and
I refer to the period of time during
which these craters and the’r associated
rim deposits were formed as the Co-
pernican period.

Eratosthenes proves, on close exami-
nation, to be a crater much like Aris-
toteles and Copernicus. It has terraced
inner walls, a hummocky rim and a dis-
tinctive pattern of secondaries. Unlike
Copernicus and Aristoteles, however,
Eratosthenes has no readily visible rays.
The significant thing about Eratos-
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thenes is the stratigraphic clue pro-
vided by the rim deposit and the sec-
ondary craters: they are superposed on
the dark, smooth material in the Mare
Imbrium north of the crater and in the
Sinus Aestuum to the south. Clearly
Eratosthenes is younger than the stuff
of the maria. This stratigraphic succes-
sion holds wherever one studies the lu-
nar surface: the mare material is partly
overlain by rim material from dark,
rayless craters such as Eratosthenes, and
this dark crater-rim material is in turn
overlain by material from craters of
Copernican age. We refer all rim de-
posits of rayless craters that are super-
posed on mare material to the Eratos-
thenian system, and the period of time
during which they were formed is
called the Eratosthenian period.

For the next steps backward in lunar
geologic time I invite the reader to ex-
amine the photograph at top left on
page 44. It shows the crater Archi-
medes in the Mare Imbrium. One can
see from the photograph that the smooth
mare surface on the west, north and east
sides of the crater comes very close
to the crest of Archimedes rim, and
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are printed so that lunar features appear as they would in a tele-
scope that did not invert them. In the reproduction of the photo-
graphs at right the major features discussed in this article are
identified. The article is chiefly concerned with the Mare Imbrium

that mare material also occupies most of
the crater interior. In the photograph at
top right on page 43 one can see that
the hummocky rim is exposed on the
south side of the crater and that part
of the swarm of secondary craters as-
sociated with Archimedes can be traced
on the rolling surface that extends south
into the Apennine Mountains. None of
the Archimedean secondaries, however,
are superposed on the mare; the pattern
terminates abruptly at the margin of the
mare.

Thus the relative age of three strati-
graphic units can be established: (1) the
material that forms the rolling upland
in which the secondaries of Archimedes
are excavated, (2) the crater-rim deposit
of Archimedes and (3) the mare material.
It is evident that the crater was created
after the material of the upland was
formed but before the mare material
appeared. Similarly, the occurrence on
the mare surface of rays and secondaries
of the nearby craters Aristillus and
Autolycus shows that they were formed
at a more recent time than the mare.

Now 1 shall ask the reader to back
off, as it were, and consider the region



and its environs. “Mare” is the Latin word
for “sea,” which the dark areas of the moon
resemble. “Sinus” means “bay.” Lunar cra-
ters are usually named for historical figures.

of the Mare Imbrium as a whole, bear-
ing in mind what I have said about the
typical configuration of large lunar cra-
ters. It is apparent in the photographs
at the left and in the middle at the top
of the next two pages that the ring of
mountains around the Mare Imbrium,
including the Apennine and Caucasus
Mountains and the Alps, bears a strong
resemblance to the rim of a crater.
That, indeed, is what the Mare Imbrium
seems to occupy: an enormous crater re-
sembling Archimedes but an order of
magnitude larger. The topography of
the mountain ring is conspicuously hum-
mocky, like the rim deposits of Aristot-
eles, Copernicus and Archimedes, but
on a coarser scale.

Within the Mare Imbrium is a circle
of low, isolated peaks about 500 miles
in diameter. The circle defines the edge
of a deep basin, filled with mare mate-
rial, that has been called the Inner Im-
brium Basin. Nothing older than mare
material is exposed within the Inner
Imbrium Basin. The mountain ring de-
fines the larger Imbrium Basin, the cen-
ter of which is slightly offset from the
center of the Inner Imbrium Basin. The

hummocky topography of the mountain
rim can be traced out from the edge of
the inner basin to a distance a little
greater than the diameter of the basin.
At this distance many large, vaguely
defined craters covered with hummocky
material can be discerned. At larger dis-
tances from the Imbrium Basin the
hummocky material becomes rolling and
relatively smooth, and smaller and
smaller craters can be found that are
covered with a layer of such material.
This layer extends as far south as the
crater Ptolemaeus, which is almost com-
pletely blanketed by it. Some craters as
small as a few miles across on the floor
of Ptolemaeus, and covered with the
smooth layer, can just be made out in
good photographs as very shallow de-
pressions with gently rounded rims. The
Imbrium Basin is thus encompassed by
a great regional deposit that is coarsely
hummocky at the crest of the mountain
ring and smooth farther from the cen-
ter of the basin.

My colleague Richard E. Eggleton
has estimated the variations in thickness
of this deposit south of the Imbrium
Basin by ascertaining the diameters of
the smallest buried craters with a de-
tectable outline on the surface of the
deposit. The technique provides an idea
of the thickness of the deposit because
there is a relatively consistent relation
between diameter and depth of small,
young primary craters that have not
been buried. Hence the smaller the
buried crater that can be detected, the
thinner the covering layer. Eggleton
found a thinning of the regional layer
with increasing distance from the Im-
brium Basin.

This layer we refer to as the Apen-
ninian series because of the extensive
exposure of the material in the Apen-
nine Mountains. The top of the layer
is the surface on which the secondary

PERIOD

COPERNICAN

ERATOSTHENIAN

craters of Archimedes are formed. The
rim deposits of all craters younger than
the Apenninian series but partly or
wholly covered by mare material consti-
tute, with the mare material that covers
them, the Archimedean series. The Ap-
enninian series and the Archimedean
series combined make up the Imbrian
system, and the period of time repre-
sented by the deposition of the entire
Imbrian system is the Imbrian period
[see illustration below]. Imbrian time is
divided into two epochs, corresponding
to the two series of deposits that make
up the Imbrian period. The rocks and
features of the lunar surface on which
the Imbrian system was deposited are
referred to as pre-Imbrian.

t is now appropriate to recapitulate the
lunar geology that can be deciphered
in the region of the Mare Imbrium from
earliest times to the latest, occasionally
venturing some speculation about the
nature of the forces that shaped the
lunar surface. 1 should like to empha-
size the distinction between what I have
said up to now, which sets out the
stratigraphic relations that can be dem-
onstrated by examination of the lunar
surface, and what I shall say next, part
of which must be classified as educated
guessing.

At some distance from the Imbrium
Basin pre-Imbrian terrain can be seen
to have a complex relief that includes
ridges, valleys and craters. The ancient
rocks of this terrain probably have di-
verse origins and a complex history.
Recent lunar geologic mapping by my
colleagues in the U.S. Geological Survey
has shown that the pre-Imbrian rocks
can be divided into several stratigraphic
units where they are exposed in the lu-
nar southern hemisphere beyond the
margin of the Apenninian series. Some
of these units are regional deposits, like

EVENTS

Formation of ray craters.

Formation of craters of which rays are no longer

visible.

ARCHIMEDEAN

Extensive deposition of mare material of the
Procellarum Group. Formation of post-Apen-
ninian craters older than at least part of the

IMBRIAN | Procellarum Group.

APENNINIAN .

PRE-IMBRIAN

Events related to the formation of the Mare
Imbrium basin.

Not yet formally divided.

LUNAR TIME PERIODS are shown according to the system established by the US. Geo-
logical Survey. The chart shows the periods chronologically, with the earliest at bottom.
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IMBRIAN EVENT is reflected in the environs of the Mare Imbrium. The hummocky terrain atop
the adjacent mountains and the tendency of prominent radial features such as Alpine Valley
(arrow) to intersect in the mare suggest that mare occupies what was originally a large crater.

the Apenninian, surrounding huge ba-
sins still older than the Imbrium Basin.

The formation of the Imbrium Basin
and the deposition of the Apenninian
series are the first events that can be
documented in detail in the region im-
mediately surrounding the Mare Im-
brium. Since the basin, with its great
mountainous rim and surrounding hum-
mocky deposits, appears to be essential-

SEQUENCE OF EVENTS in the Mare Imbrium area is depicted
schematically. At « is the situation immediately after the Imbrian
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ly a scaled-up version of a crater such as
Aristoteles or Copernicus (or, more spe-
cifically, such as Archimedes, which is
also partly filled with mare material),
one can attack the question of its origin
by considering the origin of smaller and
younger craters.

The characteristic hummocky rim de-
posit of primary craters can be explained
as material ejected from the crater by
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EARLY ARCHIMEDEAN epoch in-
cluded the event that created crater
now occupied by Sinus Iridum, which

forces generated during impact. The dis-
tinctive pattern of rays and secondary
craters around the primary craters sug-
gests that the secondaries are created
by the impact of clots of lunar material
ejected from the primaries. Rays, then,
are composed of material splashed out
of secondaries. Similar features appear
in patterns around terrestrial craters
known to have been made by the im-

event; at top is the Inner Imbrium Basin, with Alpine Valley
nearby and other linear features associated with the Imbrian event



is bulge near top left. Secondary
craters from Iridum event are super-
posed on material of Imbrian event.

pact of interplanetary bodies; the fea-
tures also appear around the man-made
craters produced by chemical or nuclear
explosions. Hummocky rims grading out
into low ridges, and secondaries in arc-
and loop-shaped rays, do not occur
around any known terrestrial volcanic
craters that otherwise resemble lunar
craters. The Imbrium Basin was also

probably formed by impact, but by a

shown overriding older features. At b is the situation a short time
later, after the Iridum event; slumping has produced an outer

body an order of magnitude larger than
those that formed Aristoteles and Co-
pernicus.

l\]any smaller craters were next formed
- on the Imbrium Basin and its
surrounding Apenninian rim during the
Archimedean epoch. Among the largest
of the Archimedean craters is the Sinus
Iridum, whose rim is the Jura Moun-
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LATER ARCHIMEDEAN TIME is represented by Archimedes, the southern rim of which appears
at top left. Its secondary craters appear abundantly on Imbrian material directly below the crater,
but they stop abruptly at mare material (lower right), showing a clear stratigraphic relation.

tains and whose secondaries are scat-
tered far to the north, on both sides of
the Mare Frigoris. The Sinus Iridum
was formed early in the Archimedean
epoch; at least one Archimedean crater
can be distinguished that was buried
under the Jura Mountain rim deposits.
Several younger Archimedean craters
are superposed on the Jura Mountains.
These relations are outlined in the series

basin around the Inner Imbrium Basin. At c¢ is the situation in
later Archimedean time, before the deposition of mare material.
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FLOODING BY MARE appears clearly in this closer view of Archimedes. Presence of mare ma-
terial both inside and outside the crater shows that Archimedes predates the mare. Deposits from
nearby craters Aristillus and Autolycus appear on mare material; they are younger than mare.

of illustrations at the bottom of the pre-
ceding two pages.

A great crescent-shaped segment of
the lunar crust lies between the Inner
Imbrium Basin and the outer mountain
ring directly on the opposite side of the
inner basin from the Sinus Iridum. I
believe the edge of the inner basin rep-
resents the crest of the original Imbrium
crater rim, and that the crescent-shaped

LATER SEQUENCES of lunar geologic history are continued

from the preceding two pages. At d is the scene after low-lying
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segment of the original rim collapsed
to form the present larger Imbrium Ba-
sin. This collapse may have been trig-
gered by the event that formed the
Sinus Iridum. The crescent may be
somewhat analogous, on a much larger
scale, to the terraces, probably formed
by slumping, on the inner walls of pri-
mary craters such as Aristoteles.

Late in the Archimedean epoch the
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CRATER ARISTOTELES appears
with unusual clarity in this photo-
graph. Aristoteles is a ray crater of

widespread filling of lower-lying areas
by the mare material occurred; it is de-
picted in the first of the series of illus-
trations below. We have called this ma-
terial the Procellarum Group from the
most extensive exposure of the material
in the Oceanus Procellarum. It is note-
worthy that the mare material follows
rather closely the curvature of the moon
and fills to a nearly common level the

areas had been filled in with mare material at a time of apparently
widespread flooding. The succeeding Eratosthenian period is de-



Copernican age; rays do not show in
this illumination. Rim relief and pat-
tern of secondary craters are clear.

preexisting depressions in the lunar sur-
face, such as the floor of Archimedes,
wherever they extend below the level
finally reached by the mare material.
To account for this phenomenon of
filling of low areas to what appears to
have been an approximately hydrostatic
level, one must adopt the hypothesis
that the mare material was once fluid
or fluidized and that it rose from the in-

picted at e; it is distinguished by craters whose radial features are
superposed on the mare material. At f is the present situation; cra-

|

terior of the moon. Probably it was vol-
canic material, extruded on the surface
through many vents. The general flood-
ing by mare material of nearly all signifi-
cant depressions present in late Imbrian
time indicates the occurrence at one
time of widespread melting inside the
moon. The melting took place long after
most of the depressions filled by mare
material were formed. Much of the em-
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COPERNICUS AND ERATOSTHENES appear in a light that brings out the relief associated
with them. The white streaks are rays from Copernicus (left). In other photographs the rays
can be seen to override Eratosthenes. It is evident that Copernicus is younger than Eratosthenes.

placement of the mare material appears
to have been completed at about the
same time, since the distribution of Era-
tosthenian and Copernican primary cra-
ters on the mare material of the lunar
surface is relatively uniform.

It is significant that the lunar moun-
tains such as the Apenninian, which are
more than 20,000 feet high, did not col-
lapse at the time of the widespread in-

ters of Copernican age have rim deposits and radial features, par-
ticularly rays, that overlie most other features and so are younger.
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EFFECT OF EROSION is depicted in this comparison of a Coper-
nican secondary crater (left) with an Eratosthenian secondary cra-
ter. Among the mechanisms that could account for the erosion are

ternal melting. The persistence of the
relief suggests that the moon, like the
earth, is a differentiated body, having a
light crust overlying a denser material.
My argument in favor of this hypothesis
is that the mountains must have stood
because they were buoyed up isostati-
cally; in effect they “floated” on a layer
with a higher specific gravity than the
mountain rocks.

The Eratosthenian system consists of
the floor material and the rim deposits
of Eratosthenes and a large number of
other craters and their associated sec-
ondaries that overlie the mare material
and other Imbrian material. They are in
turn overlain by material from craters
of Copernican age. In contrast to the
Copernican craters, the Eratosthenian
craters lack visible rays. An examination
of the lunar ray patterns around differ-
ent craters discloses a wide range of
reflectivity of both the rays and the
bright halo of the crater rim. Coperni-
cus, Aristillus and Theophilus illustrate
a sequence of craters accompanied by
rays ranging successively from bright to
faint. Wherever a rayless crater or one
with very faint rays occurs in an area
with bright rays from another crater,
the bright rays are invariably super-
posed on the dark crater or the dimmer
rays. In almost no instance is a darker
ray pattern of one crater superposed on
a brighter ray of another. Sequences of
this kind suggest that rays fade with
age. Eratosthenes is evidently at the
other end of the spectrum from Coper-
nicus; the Eratosthenian craters prob-
ably all had rays that have since disap-
peared, although the secondary craters
are still readily visible.

Several processes could account for
the fading of the rays. Bombardment by
high-energy radiation could cause dark-
ening of the surface material. One of the
most likely processes is erosion and mix-
ing of the ray material with the under-
lying dark material by the bombard-
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ment of meteorites and the fragments
that dug the secondary craters. The
Ranger photographs provided evidence
on this question by showing that most
very small lunar craters are rounded at
the edges and that the moon’s mare sur-
face is abundantly peppered with small,
secondary craters that range down to
the smallest objects that Ranger’s cam-
eras were able to resolve—objects as
little as 1% feet in diameter. These
small secondary craters contribute to the
erosion and redistribution of material of
the older and larger craters.

Prior to the flight of Ranger my col-
league Michael Carr made a study of an
area in the Mare Imbrium where the
secondaries from Copernicus and Era-
tosthenes that can be resolved by earth-
bound telescopes overlap. The Coperni-
can secondaries, which are younger,
have relatively sharp raised rims, where-
as the Eratosthenian craters are al-
most invariably rimless [see illustration
above]. The amount of wearing down
needed to eliminate the rim of the typi-
cal Copernican secondary that can be
resolved by telescopes is about 30 to 60
feet. This can be completely accounted
for by repeated cratering by very small
secondaries. Such cratering by frag-
ments striking the moon at low angles
transports material from areas of posi-
tive relief, fills in areas of negative re-
lief and leaves the original forms round-
ed off.

The Copernican system consists chief-
ly of floor, rim and ray deposits of ray
craters. The Ranger photographs have
tended to confirm the ballistic, or
“splash,” model I have been discussing
for the origin of the rays. In the high-
resolution Ranger photographs the rays
are revealed to be interspersed with a
great many small secondary craters. The
largest of the secondaries tend to lie at
the near ends of ray elements, the ends
nearest the primary crater. Precisely
such a pattern of ray elements and sec-
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repeated secondary cratering aided by bombardment by micro-
meteorites. The erosion necessary to produce an effect such as that
depicted, eliminating a Copernican rim, is between 30 and 60 feet.

ondaries occurs on earth around man-
made nuclear craters.

There is one exception to the finding
that the deposits of ray craters are the
most recent, or stratigraphically upper-
most, deposits on the moon. Certain
small craters with dark, low, smooth
rims, which we have called dark-halo
craters, can be found in clusters around
Copernicus, around Theophilus, which
is a crater much like Copernicus, and
in other restricted locations on the
moon. Such craters are locally super-
posed on Copernican crater-rim deposits
and are younger than those deposits. In
some cases they occur along a telescop-
ically resolvable rille: a long, narrow
trench on the moon’s surface. These
dark-halo craters resemble terrestrial
craters of the maar type (a crater of ex-
plosive origin that does not produce
lava); in my opinion they are the prod-
ucts of volcanic action. One of the char-
acteristic features of volcanism is that
it takes place in distinct areas and does
not occur randomly everywhere at a
given period in geologic time. Such a
pattern of local clustering appears in the
location of the dark-halo craters.

With the development of a lunar

stratigraphy and a lunar geologic
time scale it becomes desirable to de-
termine if a correlation can be estab-
lished between lunar and terrestrial geo-
logic time. One means of doing this at
present is to estimate the rate of crater-
ing that has occurred on the earth and
to determine what the rate of cratering
should have been on the moon. Since
the earth and the moon have been ex-
posed to essentially the same flux of
interplanetary objects over most of geo-
logic time, an extrapolation of the esti-
mated terrestrial cratering rate back-
ward in time for the moon would make
it possible to put some broad limits on
the age of lunar features. In such an
extrapolation it is of course necessary



to make appropriate allowance for dif-
ferences between the earth and the
moon in size, gravitational potential and
atmosphere.

We and other investigators have un-
dertaken by various means to estimate
the rate of cratering on the earth due to
the impact of interplanetary objects.
One approach T have taken has been
to study the Mississippi Valley region,
which has been geologically stable since
Cambrian time, or for approximately
the past 500 million years, to determine
the distribution of impact structures.
Another approach has been to ascertain
the number and size of meteorites ob-
served to have fallen in populated areas
over the past 50 years.

By the study of the meteorite inflow
and the geologic record of cratering one
can arrive at a series of estimates about
the rate of terrestrial cratering. It can
be expected that an object the size of
the meteorite that fell in Siberia in 1947
(300 to 500 tons in mass) and formed a
“strewn field” of small craters will strike
the land area of the earth about once
every 20 years. A crater such as Meteor
Crater in Arizona, which is a little less
than a mile across, can be expected to
be formed on the North American con-
tinent on the order of once every 10,000
years. A new crater the size of the giant
Ries Basin in Germany, which is about
18 miles in diameter, can be expected
on the continental areas of the earth
about once every five million years.

One can then extrapolate the size and
frequency distribution of terrestrial cra-
ters back over the 4.5 billion years of
the earth’s existence and ascertain if the
calculated rate would account for the
primary craters on the moon. Alterna-
tively, one can take the size and fre-
quency distribution of primary lunar
craters and divide it by the age of the
earth to see if the terrestrial and lunar
cratering rates match. Either method
accounts reasonably well for the num-
ber of primary craters appearing on the
Iunar maria, that is, the craters of Era-
tosthenian and Copernican age.

The extrapolation I have described
requires allowing a very long time to
account for the total number of Eratos-
thenian and Copernican craters. On this
basis it is necessary to estimate that the
oldest craters of the Copernican system
date back about two billion years and
those of the Eratosthenian system sev-
eral billion years. On the basis of these
estimates, if one assumes that the moon
and the earth are the same age, the two
most recent periods of lunar geology
have occupied the greater part of lunar
history.

If this dating is correct, however, it
does not leave enough time to account
for all the rest of the lunar primary cra-
ters at a constant rate of cratering. This
is particularly evident when one studies
the distribution of craters and finds that
there are as many craters of Archimede-
an age per unit of area where the Im-
brian system is exposed as of Eratos-
thenian and Copernican ages combined.
Furthermore, there are 10 times as
many large craters per unit area on the
exposed pre-Imbrian terrain in the
southern part of the moon as there are
Copernican and Eratosthenian craters.
The discrepancy suggests that the rate
of cratering was much higher in the
earlier stages of lunar history than it has
been since.

A hypothesis 1 prefer for the purpose
of explaining this situation is that in
their earliest stages the moon and the
earth were encountering in space debris
left over after the consolidation of the
planets. These hypothetical objects have
been called planetesimals. It would take
about 100 million years for the earth
and the moon to sweep up the planetes-
imals in their paths around the sun. Im-
brian and pre-Imbrian terrain may bear
the record of the terminal phase of the
sweepup—a record that on the earth has
been lost by erosion, sedimentation and
mountain-building.

Objects big enough (several tens of

miles in diameter) to form a crater the
size of the Inner Imbrium Basin may
have been represented among the plan-
etesimals. In later geologic time the ob-
jects f()rming the lurgest craters were
probably asteroids and the nuclei of
comets. On the basis of the near ap-
proaches of small asteroids to the earth
and moon that have been observed in
the past 35 years, one would expect ap-
proximately the number of hits needed
to form the largest Copernican and Era-
tosthenian craters.

’]"his account of lunar geology must of

" necessity be only a sketchy preview
of the fascinating story that will unfold
as the U.S. and Soviet lunar explora-
tion programs evolve. The U.S. program
calls for the first attempted landings of
an unmanned exploratory vehicle called
Surveyor on the moon within the next
two years and a series of Lunar Orbiter
flights starting at about the same time.
These latter spacecraft will orbit the
moon closely and make photographs
with resolution like that obtained in the
final Ranger pictures but covering much
larger areas of the lunar surface. The
culmination of all these efforts will come
when the first manned vehicle reaches
the moon, presumably before the end
of this decade, and the occupants can
test directly some of the hypotheses
presented here.

EVIDENCE OF EROSION appears in this Ranger 7 photograph of secondary craters in a
ray of the crater Tycho. The evidence is in the rounding of nearly all the craters. Ranger
made this photograph at a distance of approximately 20 miles from the surface of the moon.
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THREE-PIGMENT COLOR VISION

Direct measurements of the a])sorption of light I‘)y mdividual

cells show that color 1s discriminated in vertebrate retinas

])y three pigments segregated in three kinds of cone receptor

past two years have established that
color vision in vertebrates is medi-
ated by three light-sensitive pigments
segregated in three different kinds of
receptor cell in the retina, and that
one of these pigments is primarily re-
sponsible for sensing blue light, one
for sensing green and one for red. These
findings solve one of the central prob-
lems of color vision: the nature of the
primary receptors that discriminate light
of various wavelengths. Large ques-
tions remain to be answered: How is the
information from the receptors coded
in the retina? How is it transmitted to
the brain? How is it decoded there?
In 1802 the English physicist Thomas
Young suggested that the retina prob-
ably contains three different kinds of
light-sensitive substances, each maxi-
mally sensitive in a different region of
the spectrum, and that the information
from the excitation of each substance is
separately transmitted to the brain and
there combined to reproduce the colors
of the outside world. Over the years
investigators accumulated a great deal
of information on the mechanisms of vi-
sion without being able to prove or dis-
prove Young’s simple postulates. They
learned that rod-shaped and cone-
shaped receptor cells in the retina con-
tain pigments that are bleached by light,
that the rods are responsible for vision
in faint light and that the cones distin-
guish colors. Psychophysical experi-
ments, in which a human subject is pre-
sented with visual stimuli and asked to
tell what he sees, established that any
color could be matched by a combina-
tion of three colors in different parts of
the spectrum. This supported Young’s
trichromatic theory, but other psycho-
physical studies seemed to support dif-
ferent theories. The fact is that psycho-
physical investigation tells only what the
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visual system can do and not how it
does it.

To learn what happens at various
steps along the visual pathway one must
measure directly the effect of light on
the receptor cells and the generation of
electrical impulses in the retinal nerve
cells. Spectrophotometric measurements
of individual cone cells in the retinas
of the goldfish, the rhesus monkey and
man, conducted in our laboratory at
Johns Hopkins University and also at
Harvard University and the University
of Pennsylvania, have now confirmed
Young’s three-receptor hypothesis. Elec-
trophysiological studies of nerve cells
in the retina, on the other hand, sug-
gest that Young was wrong about the
transmission of color information to the
brain along three discrete pathways.

A physiologist seeking to learn what

message the eye sends the brain,
and how, would like to start at the
beginning—with the impact of light on
a photoreceptor. Unfortunately the lack
of suitable techniques ruled out this
systematic approach: single-cell spec-
trophotometry has been possible only
in very recent years. Electrophysiologi-
cal methods, on the other hand, have
been applicable since 1938, when H. K.
Hartline, then at the University of Penn-
sylvania, isolated individual optic nerve
fibers in the retina of the frog. Each
such fiber originates in a single ganglion
cell: a nerve cell that collects informa-
tion from a large number of receptors.
Hartline found that the ganglion cells
responded to light by emitting showers
of nerve impulses, and he classified the
cells as “on,” “oft” or “on-oft,” depend-
ing on whether they responded to the
onset or to the end of illumination or to
both. In 1939 the Swedish physiologists
Ragnar A. Granit and Gunnar Svaeti-
chin and the Finnish physicist Alvar
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Wilska developed microelectrodes that
could record directly from a cell, and
since then microelectrode techniques
have been used to trace nerve messages
through many parts of the visual path-
way as well as in other parts of the
nervous system.

The ganglion cells are “third order”
nerve cells, two steps behind the re-
ceptor cells along the visual pathway
(although in front of them anatomically;
the receptor cells are at the back of the
translucent retina). With the develop-
ment of micropipette electrodes after
World War II it became possible to
probe more precisely into individual
cells, and in the 1950’s Svaetichin re-
corded, in the retinas of certain fishes,
the most peripheral localized sign of
electrical activity discovered up to that
time: slow changes in potential in re-
sponse to flashes of light. These S-
potentials, as they came to be called,
were of two types and were quite dif-
ferent from anything previously report-
ed. One, which Svaetichin called the
luminosity response, took the form of a
sizable negative resting potential that
increased in the presence of light; the
wavelengths that are most effective in
this regard are distributed in a broad
peak across the center of the spectrum.
The luminosity response has since been
found in a large number of fishes and
in the cat and the frog, and it probably
occurs in all vertebrates. The other in-
traretinal response was similar in some
respects: it was a steady negative rest-
ing potential that became more strongly
negative when the stimulating light
was at the short-wavelength, or blue,
end of the spectrum. As progressively
longer wavelengths were used for il-
lumination, however, the responses di-
minished in amplitude until a neutral
point was reached at which there was
no sustained change in potential; any
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HUMAN RECEPTOR CELLS are seen end on in this photograph contain the visual pigments. The rods are the more closely packed.
of a retinal specimen on the stage of the spectrophotometer that The specimen is oriented so that the test beam of colored light
measures their light absorption. The well-defined small circles are comes through a cone outer segment (green spot at middle left)
the rod and cone outer segments, the parts of the receptors that and the reference beam passes through an empty area (right).

GOLDFISH RECEPTORS are seen from the side in a piece of reti- tometer. The three-micron test and reference heams (green spots)
na squeezed between two cover slips and placed in the spectropho- pass through a cone outer segment (upper left) and a clear area.
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increase in wavelength from that point
on produced a positive potential! This
unusual “chromatic” response suggested
a possible mechanism of color vision.
In 1957 I joined Svaetichin at the
Venezuelan Institute for Scientific Re-
search and we undertook a detailed
study of both the nature and the exact
source of the S-potentials.

We found the luminosity response in
a number of different fishes but the
chromatic response only in species that
swim at levels to which a broad band
of wavelengths, or colors, penetrates:
no deeper than about 100 feet. The
chromatic response of some fishes
showed a negative peak in the green
portion of the spectrum and a positive
peak in the red; in other species the
peaks were in the blue and yellow.
Among the species we tested only the
mullet (Mugil) had both the “green-red”
and the “blue-yellow” response. Fur-
ther analysis of these chromatic re-
sponses showed that each was made up
of two opposed processes—negative in
the blue or green and positive in the
yellow or red—combined algebraically.
The independence of the two processes
was demonstrated by adaptation experi-
ments. Illumination of a retina with a
steady blue light, for example, dimin-
ished the chromatic response in the
short-wavelength region and increased
it in the yellow or red. Similar experi-
ments did not change the shape of the
luminosity response, only its amplitude.
Clearly the chromatic response was
made up of two distinct components,
whereas the luminosity response was
unitary.

To visualize the sites of origin we
filled the micropipettes with dye that
was forced out into the retinal tissue by
electrophoresis after each recording. By
sectioning and examining the specimens
we could trace the luminosity response
to the region just beyond the endings of
the cone cells, where the fish retina has
a layer of giant horizontal “glial” cells.
The large size of the area in which the
luminosity response arises, and the fact
that it signals a change in brightness
anywhere in an extensive area, seem to
confirm its origin in these giant cells.

The chromatic response arises in the
next layer of the retina. Genyo Mitarai
of the University of Nagoya in Japan,
working with Svaetichin, has secured
evidence that they come from the so-
called Miiller fibers, which surround the
“second order” nerve cells known as bi-
polar cells. The Miiller fibers—like the
giant horizontal cells—are glial elements:
supporting or nutritive structures often
seen in association with nerve cells.

RECEPTOR NUCLEl — | &
-

CONE ELLIPSOIDS ———

[
W
CONE OUTER SEGMENTS — /

PIGMENT CELLS

LIGHT

Can

GOLDFISH RETINA, magnified about 1,000 diameters, is seen in section in the photo-
micrograph (left). The various elements of the retina are identified in the drawing (right).
They have been rendered schematically in an effort to suggest the connections between
them on the basis of the information available from recent electron microscope studies.

The S-potentials are quite different
from the shower of short-lived “spike”
impulses ordinarily emitted by nerve
cells; Svaetichin has suggested that
these slow changes in potential are
signs of metabolic changes in the glial
structures in which they originate, in-
duced by the activity of adjacent nerve
cells and able in turn to alter the nerve
cells” activity. Glia have usually been
assumed to play a passive role in the
nervous system, but Holger Hydén of
the University of Goteborg has shown
that metabolic events in glial cells are
correlated with certain forms of nervous
activity and may even control them
[see “Satellite Cells in the Nervous Sys-
tem,” by Holger Hydén; Scientiric
AxEericaN, December, 1961]. This is a
challenging area for further experimen-
tation.

\Vrhatever their exact explanation, if

these intraretinal S-potentials did
have something to do with color vision,
we thought they should be correlated
with the discharge patterns of the gan-
glion cells, which appear to be the only
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source of messages from the retina to
the brain. Russel L. DeValois of Indiana
University had found that spontaneous-
ly active nerve cells in a visual center
of the monkey brain increase their rate
of discharge when the eye is stimulated
by light at one end of the spectrum and
decrease it when the eye is stimulated
by light at the other end. No one, how-
ever, had obtained chromatic responses
from the monkey retina for comparison.
Together with M. L. Wolbarsht and
H. G. Wagner of the Naval Medical Re-
search Institute I studied the effects
of wavelength on the responses of reti-
nal ganglion cells in the goldfish (Caras-
sius auratus), which had been shown to
have a well-developed color sense.
First we established that the gold-
fish retina does produce both the lu-
minosity and the chromatic S-poten-
tials, both of them qualitatively the
same as in the fishes we had studied
previously. Then we went on to record
with microelectrodes inserted into the
ganglion cells. Most of these cells re-
sponded with a burst of impulses when
a white light was turned on and an-
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GANGLION-CELL RESPONSE varies with the wavelength of the stimulus, a half-second
flash of light (white area). At short wavelengths (left) there is an “on” response, a burst
of impulses during illumination. At long wavelengths (right) there is an “off” response
instead. (Spikes at left side of some long-wavelength records are from preceding stimuli.)
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THRESHOLD CURVES show the intensity necessary to elicit “on” and “off” responses
from a ganglion cell at different wavelengths. The “on” response (color) was obtained at
short wavelengths, the “off” (black) at long wavelengths. In the overlap region the “off”
response required a higher-intensity stimulus. Gray curve traces the inhibition threshold.
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other burst when the light was turned
off. Colored light brought a response
that in the manner of the chromat-
ic response was peculiarly dependent
on wavelength. At short wavelengths,
where the chromatic response was large
and negative, a typical ganglion cell
produced vigorous “on” discharges; at
intermediate wavelengths, where the
chromatic potential went to zero, there
was a transition from “on” to “oft”; at
long wavelengths, where the chromatic
response was large and positive, the
“oft” responses reached a maximum and
there was a suppression of activity dur-
ing illumination [see top illustration at
left]. The short wavelengths caused ex-
citation; the long wavelengths had an
inhibitory effect during illumination
that was followed by an “oft” discharge
that seemed to be a “postinhibitory re-
bound,” a common phenomenon in
nervous systems.

In addition to wavelength, the in-
tensity of the stimulus also had an
effect on the discharge. If we held the
wavelength constant and increased the
intensity of the illumination, the re-
sponse pattern changed from excitation
(“on”) to both excitation and inhibition
(“on-oft”) and eventually to inhibition
alone (“off”). This held true only in a
limited band of wavelengths.

he relation of these two factors—

wavelength and intensity—became
more evident when we ran a series of
threshold experiments, adjusting the in-
tensity of the stimulus to produce a con-
stant response at various wavelengths;
the intensity thus became a measure of
the sensitivity of the process at a given
wavelength. Measurements on a single
ganglion cell usually defined two dis-
tinct luminosity functions of wave-
length: the intensities for a constant
“on” and for a constant “off” response.
In one of our early experiments [see
bottom illustration at left] the two
curves overlapped from 530 to 610 mil-
limicrons. It was in this region that a
change in intensity was effective in con-
verting “on” patterns to “off” patterns.
The gray curve in the illustration traces
the intensities that caused complete sup-
pression of all activity during illumina-
tion; it is the “inhibition” curve. In the
overlap region it illustrates the effect of
increasing intensity mentioned above.
Beyond that it coincides closely with
the “off” response, again suggesting that
the latter is a rebound phenomenon.

Experiments in which either the
short-wavelength or the long-wave-
length process was selectively light-
adapted provided further evidence for



the independence of the two processes
and the idea that the “off” system is
inhibitory in nature. Adaptation with
red light, for example, depressed the
“off” response and increased the sensi-
tivity of the “on” process. The latter,
moreover, could now be obtained
throughout the spectrum: it had been
released from inhibition.

The ganglion cells I have been dis-
cussing are “green-on, red-oft” cells. We
found others that gave an opposite re-
sponse (“green-off, red-on”), but in both
cases the “oft” response was associated
with the inhibition of nerve-impulse ac-
tivity during illumination, whether it
was spontaneous activity, the result of
background illumination or a carry-over
of the “on” burst elicited by a previous
stimulus.

Our results made it clear that in the
goldfish information with regard to
wavelength is carried up the optic nerve
in the form of discharges from ganglion
cells that are acted on by groups of
receptors having sensitivities in differ-
ent parts of the spectrum. These groups
of receptors, presumably acting through
the second-order bipolar cells, exert
either excitatory or inhibitory effects
on the ganglion cells. A given ganglion
cell may, for example, be excited pri-
marily by a group of red-sensitive re-
ceptors and inhibited mainly by a num-
ber of green-sensitive receptors. Other
cells would be conversely affected.
Some ganglion cells show no wave-
length dependence but have about equal
“on” and “off” thresholds throughout
the spectrum; one would expect that
they receive equal numbers of excita-
tory and inhibitory connections from
each type of receptor. A few cells main-
tain a discharge throughout illumina-
tion; these presumably have only excita-
tory connections. Others discharge in
the dark and are inhibited throughout
prolonged illumination; they may only
have inhibitory connections. David Hu-
bel and Torsten Wiesel at the Harvard
Medical School have found similar col-
or-coded “on” and “oft” responses in the
optic nerve fibers of monkeys. The kind
of coding we discovered in the retinal
ganglion cells of fishes presumably holds
true in man as well.

At this point in our investigation we
had identified, at the level of the S-
potentials and again at the level of the
ganglion-cell discharge, elements of an
“opponent color” coding system. The
19th-century ~ German  physiologist
Ewald Hering had developed a color-
vision theory based on such a process,
perhaps involving a yellow-blue, a red-
green and a black-white receptor. Her-
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MICROSPECTROPHOTOMETER measures the absorption of light by a single cone.
Monochromatic light, held to a constant flux by a feedback loop, is formed into two beams.
A rotating chopper disk allows the “test” (4) and the “reference” (B) beams alternately
to pass through the specimen to the photomultiplier tube. Depending on which beam is
passing through, photodiodes switch the photomultiplier output into a test or a reference
channel. The transmissivity of the specimen, 4 over B, is recorded and punched on tape.
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RAW DATA for blue (top), green (middle)
and red (bottom) cones were recorded with
varying gains and light intensities. The blue
curves were done as described in the text
and required correction for bleaching.
Green and red curves I and 2, recorded at
low intensities, bleached very little; after
deliberate flash bleaching, the final curves
(3) were recorded. Subtracting the last from
the first curves yields difference spectra.
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ing’s theory attempted to account for
two-color phenomena—such as the fact
that red and green (or blue and yellow)
vary together in sensitivity and never
appear subjectively mixed—that could
not be easily explained by a trichro-
matic system of the sort suggested by
Young and elaborated by Hering’s con-
temporary Hermann von Helmholtz.
There seemed to be no way to confirm
or disprove either theory except by
examining the sensitivity of the actual
receptors at various wavelengths. This
meant measuring the absorption charac-
teristics of the pigments in the cones
across the entire visible spectrum.

Cone pigments are difficult to extract
and have yet to be separated from
one another by standard biochemical
methods. By analyzing a solution of
chicken-retina pigments after partial
bleaching, George Wald and his col-
leagues at Harvard University were able
to distinguish a cone pigment, which
they called iodopsin, from the known
rod pigment rhodopsin, but this method
has not been successful in mammals.
The first successful method of distin-
guishing the various cone pigments in
situ was devised by F. W. Campbell and
W. A. H. Rushton at the University of
Cambridge in 1955. They measured the
intensity of light beamed into the hu-
man eye and reflected out again by the
pigmented layer at the back of the reti-
na. By selective bleaching and by com-
paring data from normal and color-blind
people Rushton was able to identify
two different pigments in the fovea,
the central region of the retina where
the cones are closely packed and there
are no rods. One pigment, which he
called chlorolabe, was most sensitive in
the green part of the spectrum and an-
other, erythrolabe, had its peak sensi-
tivity in the yellow [see “Visual Pig-
ments in Man,” by W. A. H. Rushton;
SciENTIFIC  AMERICAN, November,
1962]. At Harvard, Wald and Paul K.
Brown were able to approach the prob-
lem even more directly, measuring with
a spectrophotometer the absorption of
light by dissected monkey and human
foveas. They too were able to identify
a green-sensitive and a red-sensitive
pigment. Neither this method nor Rush-
ton’s, however, could specify whether
the pigments were segregated in sepa-
rate receptors or were mixed in a single
receptor, nor could either method pre-
sent clear evidence for any blue-sensi-
tive pigment.
The best way to settle the question
was somehow to measure with a spectro-
photometer the absorption spectra of
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the pigments in individual cone cells.
This is simple conceptually but quite
difficult in practice. The outer seg-
ment of a cone cell, which contains the
pigment, has a diameter ranging from
perhaps five microns to less than two
microns in various species; the small
amount of pigment present in each
cone requires that the beam of light
passed through it be of low intensity,
and the quantized nature of light then
makes for “photon noise” in the record.
Nevertheless, two Japanese investiga-
tors, T. Hanaoka and K. Fujimoto, did
manage in 1957 to examine single cones
in the retina of the carp; they detected
what appeared to be five or six different
pigments, each in a different cone. For
some reason they did not pursue this
line of work. Brown at Harvard and
Paul A. Liebman at the University of
Pennsylvania made spectrophotometric
measurements on the outer segment of
frog rod cells, but their instruments
were apparently not yet able to detect
the pigments in the outer segment of
cones, which are much smaller. William
B. Marks and I set out to design an
instrument sensitive enough to measure
the absorption curves of goldfish cones.

Our microspectrophotometer directs

two beams of colored light through
a specimen of retinal tissue to a photo-
multiplier tube. The “test beam” passes
through the outer segment of a cone;
the “reference beam,” through a clear
area. The photomultiplier measures the
amount of light transmitted by the cone
pigment compared with the amount in
the unobstructed reference beam [see
illustration on preceding page]. Light
generated in a monochromator passes
through two small apertures in a piece
of metal foil; the two resulting beams
are focused on the specimen, a piece of
goldfish retina squeezed flat between
two glass cover slips. In order to keep
the retina dark-adapted, or unbleached,
we orient the specimen under infrared
background illumination, viewing it
with an infrared image converter.

A mechanical “chopper” alternately
selects the test and reference beams
for passage through the specimen to
the photomultiplier; photodiodes on the
chopper alternately switch the corre-
sponding signal from the photomulti-
plier into a chart recorder that takes
the ratio of the two signals. This ratio,
a measure of the relative absorption of
the cone pigment across the visible
spectrum, is simultaneously digitized
and punched on tape to be analyzed
and corrected by computer.

The simple absorption spectrum of a
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these curves, the averages of eight difference spectra peaking in

visual pigment is distorted by the pres-
ence of extraneous nonbleaching pig-
ments, by the wavelength-dependent
scattering caused by particulate matter
and by diffraction and chromatic aber-
ration in the optical system. The usual
way of minimizing such effects is to
record an absorption spectrum, bleach
the specimen with white light, record
another absorption spectrum and sub-
tract it from the first. If colored prod-
ucts are not created in the process (often
they are and must be corrected for), the
resulting “difference spectrum” should
provide the true spectral absorption
curve of the bleachable pigment. This
method requires that the intensity of
the test beam be low in order not to
bleach the pigment during a scan. In
the early stages of his investigation
Marks found that he had to step up the
intensity of the beam in order to over-
come photon noise; therefore he al-
lowed the test beam to bleach the pig-
ment, making several scans [see top rec-
ord in illustration on opposite page] and
subtracting the last from the first to get
a difference spectrum. The peak of such
a spectrum was displaced from the cor-
rect wavelength because there was pro-
gressively less pigment available at suc-
cessive points in the scan. Marks
worked out a correction procedure: he
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estimated the fraction of the original
pigment remaining at each wavelength
and divided the calculated difference at
that point by the appropriate fraction.
With W. E. Love, Marks wrote a com-
puter program to perform the calcula-
tions, make the corrections and plot the
corrected difference spectrum.

When a large number of difference
spectra recorded in this way were
printed together, it was evident that
they fell into three groups with peaks
in the blue, green and red. When he
averaged the curves in each group,
Marks came up with the three goldfish
cone pigment spectra shown above,
with peaks at wavelengths of about 455,
530 and 625 millimicrons. For evidence
whether or not these curves represent
the spectral sensitivities of three cone
pigments, Marks compared them with
the curves for three hypothetical visual
pigments with peaks at these wave-
lengths. These curves are based on a
translation of the curve of rhodopsin to
the specified wavelengths according to
a graph devised in 1953 by H. J. A.
Dartnall of the Institute of Ophthalmol-
ogy in London. Iodopsin and other visu-
al pigments discovered since then have
conformed to such curves. Our goldfish
curves conform rather well, although
not perfectly.
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the blue, 10 in the green and nine in the red. The small symbols
outline the curves for hypothetical “Dartnall pigments” (see text).

The primary conclusion we could
draw from the goldfish investigation
was that it unequivocally verified
Young’s three-receptor prediction, at
least in one species known to be capa-
ble of color vision. Liebman has since
performed similar experiments, employ-
ing light intensities that do not cause
appreciable bleaching. He has provided
independent confirmation of the work
by developing curves that are in gener-
ally good agreement with Marks’s re-
sults. Marks was also able to determine
the density of the pigment in the cones:
it is about a million molecules per cubic
micron, or nearly the same as in the
density of the rhodopsin in the rods.
Since his measurements were made at
right angles to the axis of the cones and
could be repeated at several points in
an outer segment with identical results,
they showed further that the pigment is
present throughout the outer segment
(not concentrated in a minute granule,
as Rushton had once suggested) and
that such optical effects as filtering and
focusing cannot play a significant role
in color perception.

W7e were anxious to extend our in-

vestigation to individual human
cone cells, not only because of the im-
plicit interest of the human visual sys-
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tem but also because of the large
amount of psychophysical data with
which one can compare objective ex-
perimental results. William Dobelle, a
graduate student, was able to obtain
some human retinas through the co-
operation of an eye bank, and along
with them we used material from the
rhesus monkeys Macaca nemistrina and
M. mulata, obtained from the Naval
Medical Research Institute. Monkey and
human cones, like the cones of other
primates, are much smaller than fish
cones, measuring only about two mi-
crons in diameter at the base of the
outer segment. If these cones were
squeezed flat, as they were in the gold-
fish experiment, the light beam pene-
trated them from the side and not
enough pigment molecules lay in its
path to register a signal far enough
above noise. Dobelle and Marks finally
learned how to mount a piece of retina
so that the cones are vertical and the
beam of light traverses the main axis
of the receptor, thus encountering more
pigment molecules. They took specimens
from the region of the retina just out-
side the fovea, where the cones are
separated by closely packed rods, from
which they can easily be discriminated,
and proceeded to obtain difference spec-
tra in the same way described earlier
for goldfish cones.

When the computer printed out the
corrected spectra for 10 primate cones,
the curves fell once again into three
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clearly defined groups [see illustration
below]. Marks has since made some
corrections in these original results; the
best averages to date for the three re-
ceptors are shown in the illustration on
page 49, together with samples of the
colors to which each receptor is most
sensitive. The fact that in primates the
“red” receptor’s spectral curve peaks
not in the red part of the spectrum but
in the yellow seems remarkable but was
not surprising. It had already been indi-
cated by psychophysical results, notably
those of W. S. Stiles of the National
Physical Laboratory in England, who
found a “red” maximum from 575 to 587
millimicrons. Although the curve peaks
in the yellow, it extends far enough into
the red to sense red light unambiguous-
ly. That is, these cones are at least sub-
stantially more sensitive to red than are
the green receptors, and that is all that
is necessary if red light is to stimulate
the retina to send a message the brain
can interpret as “red.”

At about the same time as we were
investigating primate cones, Brown and
Wald at Harvard modified the instru-
ment with which they had examined
frog rods and primate foveas so that it
could record from individual cones.
Their measurements of four cones in a
single human retina also revealed three
distinct absorption curves, although the
peaks of the curves were somewhat dif-
ferent from ours: 450, 525 and 555 milli-
microns. This could have been because
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PRIMATE CONE difference spectra are shown as plotted from spectrophotometer tapes by
a digital computer. One blue and one green human cone and eight rhesus monkey cones
are represented. These curves, after correction, are the basis of the illustration on page 49.

56

© 1964 SCIENTIFIC AMERICAN, INC

there are in fact substantial differences
among individual cones of the same
type or because the methods by which
Brown and Wald produced and cor-
rected their spectra were different from
ours. Liebman has also obtained data
from individual human cones, but we
have not yet been able to analyze his
results. Many more measurements will
have to be made before the exact spec-
tral sensitivities of primate color-vision
pigments are determined.

Single-cell  microspectrophotometry
develops the curve of whatever pigment
material is in an individual cone, and
not necessarily the curve of an individ-
ual pigment. Recently Wald performed
a series of psychophysical experiments
to determine if the color sensitivity of
the living human eye corresponds to the
single-cone data. He measured thresh-
old sensitivities after selective adapta-
tion and derived three curves with
peaks at 430, 540 and 575 millimicrons
—in closer agreement with our spectro-
photometric data than with his own.
Since these pigment-specific curves ob-
tained from the entire population of re-
ceptors agree so well with our cone-
specific spectrophotometric  data, it
seems likely that there are indeed three
types of cone, each of which contains
principally one of three pigments.

Electrophysiological evidence of what
goes on in the vertebrate receptor cell
has been difficult to obtain, but last
winter Tsuneo Tomita of Keio Universi-
ty in Japan recorded slow potential
changes that he is fairly sure originated
in receptors in the retina of the carp,
which is closely related to the goldfish.
These signals vary in response to illumi-
nation by light of different wavelengths.
They seem to reach a maximum ampli-
tude at three points in the spectrum.
And the three peaks correspond rather
well with those Marks derived for the
pigments of the goldfish cones.

All the evidence for a three-color,

+ three-receptor cone system comes
up against the earlier electrophysiologi-
cal evidence for an opponent-color sys-
tem farther along the visual pathway.
Color vision is apparently at least a
two-stage process, consistent with the
Young-Helmholtz theory at the receptor
level and with the Hering theory at the
level of the optic nerve and beyond.
Each receptor does not have its private
route to the brain; three-color informa-
tion is somehow processed in the retina
and encoded into two-color on-off sig-
nals by each of the color-sensitive reti-
nal ganglion cells for transmission to the
higher visual centers.



Kodalk reports on:

" culmiination of a pinhole . .. excitement in Bimini

This magazine is assumed to reach the reader at a time of year when he faces a decision on how to prove once more to the
satisfaction of his family that they live in an affluent society. Let us here express the hope that the level of his contribution
to that society during the year now closing permits his presentation to them of the most up-to-date camera and projector
to represent no disproportionate devotion to material possessions.

The KODAK INSTAMATIC 800 Camera culminates the line that Giam-
battista della Porta started in the 1550’s with a pinhole in one wall of
a darkened room to capture the look of the adjacent countryside.

You press the button. It does the rest. Just tell it where in the four-
dimensional world of time and space is your center of interest for the
nonce. It does not impale itself on unimaginative assumptions about
“average conditions.” It doesn’t expect you to answer a lot of fool
questions. It assumes you'd rather be thinking of something more in-
teresting at the key moment than of light levels and relative apertures
and matching shutter speeds. So it adjusts itself. Only if you have set
it an impossible problem does it beg you for a bit of attention by
displaying a little flag. With its f/2.8 lens and a shutter that slows
itself down when you run out of lens speed, you may have to make a
special effort to see the flag and doubtless will. Those who deny tak-
ing delight in simple entertainments often sound unconvincing. Some
gadgetry is worth respect, as awarded from results.

The KODAK CAROUSEL 800 Projector is the other wing needed to fly
the course properly.

It encourages neatness at the payout from the pleasures of the
chase, obviates the fumbling observed at times on occasions of slide
projection, reduces the probability that the best slides of any given
sequence have been filed beneath the pile of last year's receipted
phone bills.

Each show of 80 slides has its book-like place on the shelf. At show-
time drop the spillproof tray onto the machine like a phono record.
Gentle, non-jamming gravity feeds the slides. Spin to any slide, any
time. Or let the machine run itself, 5, 8, or 15 seconds to a slide. Or
run the show from a long cord, backing up on demand from the au-
dience to linger longer at a scene passed too swiftly with the impetus
of your narrative. Or put the narrative on tape, add music to taste,
and synchronize to the slide show by means of a recorder and
CAROUSEL Programmer with taped signals changing the slides.

Find the Kodak dealer who has an INSTAMATIC 800 Camera and a CAROUSEL 800 Projector ready to show you. Be resolute. Time is short.

The horse is a mammal

2,4-Dinitroso-1,3-naphthalenediol (EASTMAN 9503) has demon-
strated, bare-eyed, the presence of 109 g. of iron in one of
those acrylamide gel discs that make up the characteristic
disc-electrophoretic fingerprint of a protein mix. The reagent
was devised by a very smart man we know. He and a buddy
thought up disc electrophoresis in the first place.

Last winter he vacationed on Bimini, which has the Lerner
Marine Laboratory as one of its charms. After a quick snooze
in the sun, he sought exercise first in skin-diving and then in
phylogeny. He had his disc-electrophoresis kit along. An
amazing observation resulted from a colleague’s offer of oc-
topus serum. The protein pattern resembled the mammalian
serum pattern even more than the uncanny octopus eye re-
sembles the mammalian eye.

Excited by this new evidence of interphyletic convergence,
our smart friend upon his return home prepared to clinch it
by proving that the disc corresponding to the iron-bearing
protein transferrin in mammals would in the mollusk’s serum
respond selectively to a sufficiently sensitive reagent for iron.

Of iron reagents there are plenty ; none he could find, however,
performed as well under the special conditions encountered
in disc-staining as the one named above, which he extrap-
olated from the literature, his experience, and the sheer force
of reason. After he told us what it was, we made him some that
he found better than his own product.

This is now offered by Distillation Products Industries, Rochester,
N. Y. 14603 (Division of Eastman Kodak Company), which also offers
the other compounds needed in disc electrophoresis, as well as all the
other EASTMAN Organic Chemicals needed in numberless other en-
deavors. Separately and without charge, the same organization con-
tinues to offer the authors’ description of the theory of disc electro-
phoresis and their illustrated directions for the procedure, now sup-
plemented for iron. Ours has been a proud role in publicizing their
method around the world.

It is therefore distressing to have to report that no publi-
cation on cephalopod phylogeny is in immediate prospect from
our friend. Not only is he smart but also frank, lucky, and
grateful to have learned in time of some misbegotten horse
serum that he was confusing with the colleague’s octopus
samples.

This is another advertisement where Eastman Kodak Company probes at random for mutual
interests and occasionally a little revenue from those whose work has something to do with science

57

© 1964 SCIENTIFIC AMERICAN, INC



How to he at home in orbit

What Boeing is doing
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Life Support
System

Five men recently com-
pleted a 30-day NASA
space mission—without
leaving the ground. A
Boeing space chamber
(above) simulated long-

term space flight condi-
tions. The mission tested
water reclaiming and
waste disposal systems
as well as a method of
supplying oxygen with
sodium superoxide
chemicals. Tests like
these help in designing
future spacecraft (such
as the 12-man variable-
wing vehicle concept
at left).

ahout MANNED SPACE FLIGHT:

Meteoroid
Studies

During space travel,
vehicles may encounter
meteoroids large enough
to create a hazard. To
measure the danger and
to devise a spacecraft
protective system for
astronauts, Boeing is
conducting research for
NASA. Using a Boeing-
developed gas ‘‘gun,”
researchers shoot pel-
lets at approximate-
ly meteoroid speeds
(21,000 mph) to test
various types and com-
binations of protective
plating for spacecraft.

Vehicle
Design

To assist the Air Force
and NASA in develop-
ment of criteria for
manned orbital labora-
tories, Boeing has con-
ducted studies of
vehicles utilizing from
2- to 12-man crews.
Studies include booster-
vehicle integration, life
support, micrometeoroid
protection and logistics
involving crew rotation
and resupply.

Rendezvous
in Space

In simulated flights,
Boeing is investigating
techniques for bringing
two orbiting vehicles
together in docking
missions. The “pilot”
sights his target vehicle
on a projected TV pre-
sentation, and using
controls operating
through a computer,
maneuvers his vehicle
through a complete
docking run.

Lyoabitly #as many /oces ar Bﬂf ,”E

Space Technology « Missiles « Military Aircraft Systems « 707, 720 and
721 Jetliners = Systems Management » Helicopters « Marine Vehicles
Also, Boeing Scientific Research Laboratories

+ Gas Turbine Engines »

© 1964 SCIENTIFIC AMERICAN, INC



L B ;.QQK
BATTERY

Fhucen 0 st

Av» e 10°
Rm" W X10

PRIMCETON N4 PWR. OFF

Low-Noise |
High-Gain
Amplitier

The PAR Model CR-4 Low-N
High-Gain Amplifier is designec
utrum I,f small signal p

their low level

capabilities.
The unir features
 differential or single-ended input
table high (50M) or low
input impedance
80 DB gain
ble bandpass 1 CPS to
life Hg or rechargeable
battery pack
pletely transistorized
printed circuit

easily panel mount
price .a.rnmut batteries: §575.00
: several optional
es such as impedance
2 input transformer and
ry Model CR-4A with
ble bandpass from
to 300 KC

Write for Bulletin No. 117 to

PRINCETON
APPLIED RESEARCH CORP.

Department F
Box 565, Princeton, New Jersey

he 1964 Nobel prizes in science

were awarded for studies of cho-

lesterol and the metabolism of
fats, for establishing the principle of
the maser (including the optical maser,
or laser) and for the determination of
the molecular structure of penicillin and
vitamin Bya.

The prize in physiology and medicine
was awarded jointly to Konrad E. Bloch
of Harvard University and Feodor
Lynen of the University of Munich;
Lynen is also director of the Max Planck
Institute for Cell Chemistry. The two
men have independently studied how
animal cells produce cholesterol, the
substance from which the body manu-
factures the sex hormones and the hor-
mones of the adrenal cortex. Cholesterol
is also found in the arterial plaques asso-
ciated with atherosclerosis and coronary
disease. Bloch and Lynen discovered
that animal cells manufacture choles-
terol, which has the formula C,;H,O,
from the simple acetate ion (C,H30,7)
in a complex sequence of some 36 steps.
Lynen was also cited for clarifying the
role of the vitamin biotin in the metabo-
lism of fats.

The prize in physics was awarded to
Charles H. Townes of the Massachu-
setts Institute of Technology for the
theory and construction of the maser
and to two Soviet physicists who inde-
pendently had the same idea: Nikolai
G. Basov and Aleksandr M. Prokhorov.
Basov is deputy director of the Lebedev
Physics Institute of the Soviet Academy
of Sciences; Prokhorov is a member of
the same institute.

i The Nobel Prizes
i
F
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SCIENGE AND

The maser exploits the fact that an
excited electron can be triggered into
releasing a photon of energy on demand
rather than at random. This occurs
when the excited electron is struck by a
photon having the same energy as the
one it is destined to emit. In other
words, the emission can be stimu-
lated; moreover, the stimulated photon
emerges in phase, or in step, with the
triggering photon. The problem solved
by Townes and the two Soviet workers
was how to design a system that con-
tained a preponderance of electrons in
a particular excited state rather than in
the normal “ground” state. Given such
a system, a cascade of photons all alike
and all in phase can be triggered by a
photon of appropriate energy. Working
at Columbia University with James P.
Gordon and Herbert |. Zeiger, Townes
built the first maser in 1954. The device
was soon widely exploited for amplify-
ing weak microwave signals.

In 1958 Townes and Arthur L.
Schawlow described a device in which
photons of light, rather than microwave
photons, could be amplified by stimu-
lated emission. Such a device—the first
laser—was built two years later by Theo-
dore H. Maiman, working at the Hughes
Aircraft Company. Since then the in-
tense, coherent light beams created by
the laser have provided a wealth of new
optical phenomena and have shown po-
tential value in medicine, chemical tech-
nology and communications.

The prize in chemistry was awarded
to Dorothy Crowfoot Hodgkin of the
University of Oxford for her application
of X-ray crystallography to determining
the structure of complex organic mole-
cules. During World War II Mrs.
Hodgkin headed a group that estab-
lished the structure of the penicillin
molecule when the antibiotic was in
short supply and it seemed that it might
be necessary to produce it synthetically.
In 1955 she reported the structure of
the still more complex molecule of vita-
min B, (empirical formula CgyHgg-
CoN;,0,4P), which prevents pernicious
anemia.

The Fifih-Nation Problem

President Johnson has appointed a
task force to report on steps the U.S.
and other countries might take to pre-
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vent the further spread of nuclear weap-
ons. His designation of the special study
group, which will be headed by former
Under Secretary of Defense Roswell L.
Gilpatric, reflects the concern of Gov-
ernment officials and scientists who have
been considering the significance of the
Chinese nuclear test. A number of na-
tions have the technological and indus-
trial potential for developing nuclear
weapons, although the effort would
exert varying degrees of strain on their
resources. One deterrent has been the
partial nuclear-test-ban treaty, which
forbids the testing of nuclear weapons
in the atmosphere, underwater or in
space. France and China refused to sign
the treaty in 1963: in effect they de-
clined to acquiesce in and institution-
alize the big-power nuclear stalemate,
something the other nonnuclear nations
were willing to do. Now there is wide-
spread concern that the Chinese
achievement may lead some of these
countries to decide that they must have
their own nuclear weapons. The result
could be to break down the test-ban
treaty and eventually build up pressure
on the three original nuclear powers to
resume testing themselves. More im-
portant, it is assumed that the prolifera-
tion of nuclear weapons would greatly
increase the instability of the precarious
balance of national power and thus mul-
tiply the chances of an accidental nu-
clear conflict.

The first potential “nth country” to
grapple publicly with the question of
whether or not to build its own bomb
was India, the nation most directly af-
fected by China’s possession of nuclear
weapons and at the same time most
identified with a policy of opposition to
nuclear armament on moral grounds.
India has three research reactors in
operation, two power reactors under
construction, an accumulation of pluto-
nium-enriched spent fuel and a spent-
fuel processing plant already on stream
extracting the plutonium. Indian scien-
tists were quoted as saying they could
test a bomb in 18 months; Homi J.
Bhabha, the country’s leading nuclear
physicist, said that a stockpile of bombs
could be accumulated for about $20
million. At a meeting in November of
the ruling Congress party there was a
sharp debate on the issue, which ended
with a decision not to make the bomb.

Take a close look at Washington

How different things look when you're right on the scene. And
that’s just what our Department of Commerce & Economic Develop-
ment here in the State of Washington can do for you.

Our staff of engineering and economic research specialists will
prepare a close-up analysis of the profit potential offered your com-
pany in Washington State. Working with a storehouse of the latest
information, we can present the complete picture of what locating
here can mean to you. Factually. Confidentially. Without cost,
of course.

It’s quite a story.

Write today.

If you haven’t received a copy of our 40-page booklet, ‘“THE

SURPRISING STATE, WASHINGTON,’’ drop us a note on your

company letterhead. We’ll send one off to you by re-
turn mail.

,;';:—{{, f:*‘,"--c c—-— n._«_.'

ROBERT E. ROSE, Director ALBERT D.ROSELLINI, Governor

. Department of Commerce & Economic Development, General Administration Building, Olympia, Washington :’
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Prime Minister Lal Bahadur Shastri
said: “We should try to eliminate the
terror of nuclear weapons rather than
make them.”

The Chinese test provided evidence
of considerable technological and indus-
trial capacity. According to the U.S.
Atomic Energy Commission, the fission
device had a yield of about 20 kilotons
and was detonated by implosion rather
than by the more primitive gun-barrel
method. And its fissionable material
was not plutonium but uranium 235,
presumably manufactured by the gase-
ous-diffusion process. The construction
of a gaseous-diffusion plant requires a
high degree of technical skill and its
operation consumes large amounts of
electric power. Writing in Science, the
U.S. chemist Philip H. Abelson pointed
out that the enriched uranium available
from such a plant gives a country “great
flexibility in nuclear technology.” Abel-
son further observed that since en-
riched uranium makes possible the pro-
duction in reactors of tritium, a key
constituent of thermonuclear bombs, “in
view of the Chinese achievement thus
far there is no basis for hoping that
they will not achieve a hydrogen bomb—
perhaps in the latter part of this
decade.”

A Fifth Force?

In an effort to explain a recent experi-

ment that threatens to upset the
deeply held concept of time-reversal in-
variance, physicists are speculating that
there may be a previously unrecognized
fifth force in nature. The four well-
established forces, in order of decreas-
ing strength, are the nuclear force, the
electromagnetic force, the weak force
(associated with the decay of certain
particles) and gravitation. The concept
placed in jeopardy states that the four
forces are indifferent to the direction in
which time is flowing. In other words,
the forces that shatter a teacup when it
is dropped are entirely adequate to put
it together again.

Time-reversal invariance was called
into question by an experiment con-
ducted at the Brookhaven National Lab-
oratory by Val L. Fitch, James H.
Christenson, James W. Cronin and René
Turlay of Princeton University. The ex-
periment showed that the neutral K,
meson occasionally decays into two pi
mesons instead of the three pi mesons
required if the “CP” rule is to be
obeyed. The rule states that particle re-
actions are indistinguishable from their
antimatter mirror images. (“C” stands
for charge conjugation, which relates
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matter to antimatter; “P” stands for
parity, which relates a system to its
mirror image.) On the basis of exist-
ing theory the two-pi decay and the
CP rule can be reconciled only by sac-
riﬁcing time-reversal invariance.

Rather than sacrifice time-reversal in-
variance, physicists have been strug-
gling to find an explanation that would
preserve it. One of perhaps a dozen al-
ternatives proposed so far is that the
“forbidden” two-pi decay is the first
tangible manifestation of a new natural
force that is even weaker than gravity.
One group of physicists associated with
this idea consists of T. D. Lee of Co-
lumbia University, Jeremy Bernstein of
New York University and N. Cabibbo
of the European Organization for Nu-
clear Research (CERN). Much the same
idea has been put forth independently
by John S. Bell of CERN and J. K.
Perring of the British Atomic Energy
Research Establishment.

The proposed force would have one
sign (representing a basic characteristic)
if produced by ordinary matter and an
opposite sign if produced by antimatter.
Assuming that our entire galaxy con-
sists of ordinary matter, which seems
likely, the potential of fifth-force energy
at the earth’s surface should be almost
entirely that produced by ordinary mat-
ter. If such an asymmetrical force field
exists, its effect on particles of ordinary
matter should be distinguishable from
its effect on antiparticles. In fact, its
strength and asymmetry would be just
enough to convert an occasional neu-
tral K, meson into a neutral K; meson,
which can decay into two pi mesons
without violating the CP rule.

The proposal can be tested by raising
the energy of the decaying neutral K,
particles. If the fifth force is well be-
haved, the number of two-pi decays
should increase by a factor of 100 if
the energy of the decaying particles is
raised by a factor of 10. Experiments to
make this test are now being under-
taken at Brookhaven and CERN.

Noisy Quiet Sun

During the International Year of the
Quiet Sun, the worldwide program
of astronomical and geophysical ob-
servations begun 11 months ago, the
sun has been rather noisy: astronomers
and physicists engaged in the program
have been observing an unexpectedly
large number of sunspots and solar
flares.
The International Year of the Quiet
Sun (more properly International Years,
because it will continue until the end
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of 1965) was planned by participants
in the International Geophysical Year,
whose studies called for a second round
of observations to be made during the
calm phase of the 11-year sunspot cycle.
Had they perhaps been wrong, in sched-
uling the new program, to assume the
regularity of that cycle?

No, indicates Martin A. Pomerantz,
chairman of the U.S. Committee for the
IQSY. Writing in Physics Today, Pom-
erantz explains that a low point in
the occurrence of sunspots did come
early this past fall, even though it was
the first such minimum phase of this
century in which the monthly average
of sunspots did not fall below five.

Pomerantz attributes the large num-
ber of spots and other unanticipated
solar phenomena to the “residual activ-
ity” of the previous cycle; this idea is
supported by the fact that the pattern
of some of the current sunspot forma-
tions resembles the pattern of earlier
formations. Pomerantz also points out
that the declining cycle was of un-
precedented turbulence, with a monthly
average of more than 200 sunspots
during its maximum phase.

The high level of solar activity has
nonetheless increased the value of the
IQSY rather than decreased it, Pom-
erantz says. The periods of solar inac-
tivity have been long enough and quiet
enough for all observational purposes,
and the occasional outbursts of activity
represent a bonus: “events to whet the
appetite of any IQSY physicist.”

Primitive Metallurgy

Artifacts unearthed at a Neolithic vil-
< lage site in Turkey this past sum-
mer indicate that man may have recog-
nized the useful properties of copper as
long ago as 7000 B.c. The excavation,
at Cayonu in eastern Turkey, a few
miles from ancient copper mines at
Maden, was jointly directed by Halet
Cambel of the University of Istanbul
and Robert ]. Braidwood of the Univer-
sity of Chicago. In May the investi-
gators uncovered small beads of the
copper ore malachite and part of a
metal drill that had been shaped by
grinding down a nugget of native cop-
per. Although these discoveries occurred
in levels that predated the first use of
pottery at Cayonu, Miss Cambel and
Braidwood were initially not greatly
impressed; there was no evidence that
the early craftsmen realized they were
working with a novel material, and the
objects could equally well have been
made out of a nonmetallic mineral.

The excavators then found three tiny
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MOTOR COMPANY

POWER SPECTRAL DENSITY
AND CARR

ING COMFORT

Spectrographic measurement of automotive vibration is being related to human
sensitivity to provide a firm basis for improving riding comfort.

The randomness of road irregularities has consistently
challenged automotive engineers to find a way to deal
with this variable as it relates to riding comfort. To
meet the challenge, Ford Motor Company research
engineers developed a procedure using tape recordings
and digital computer analysis methods to measure the
power spectral density, or vibratory energy trans-
mitted to the vehicle and the passenger throughout
the frequency spectrum.

ENERGY TRANSMITTED TO PASSENGER ON A PARTICULAR ROAD
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This curve shows measurements of the energy present at various frequencies
on two cars with different suspension designs, over the same stretch of road.
The powerful peak at 1 cps is due to the resonance of the car mass on the
suspension. Another peak around 10 cps is due to resonances of the wheels
and other unsprung masses; and the sharp peaks at higher frequencies are
resonances caused by body and chassis flexibility. Although the two cars are
seen to be comparable at lower frequencies, they are quite different in the
amount of high frequency ‘‘shake.”
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ent of the road itself.

It was also desirable to translate this information into
human terms. How should human reaction to the
vibratory energy in the different frequency ranges be
weighted to assure designing for the best ride? To find
out, Ford Motor Company engineers developed special
measuring apparatus, and constructed mathematical
models of the human body which were correlated with
subjective tests of human sensitivity.

PERCEPTION CENTER

4

This mathematical model of
the human body was used to
computesensitivity to various
frequencies. These data have
been confirmed by “‘jury”
tests of people subjected to
known vibratory inputs, both
on-the-road, and in the lab-
oratory. Greatest human sen-
sitivity is in the 3 to 7 cps
range. Minimum transmission
of energy in this range is a
major development goal. HIPS
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As a result of this work it is now possible to develop a
dynamic “fingerprint” of a vehicle. The engineer may
then interpret from this information the inherent de-
gree of comfort present to permit a confident selection
of an optimum design.

PROBING DEEPER TO SERVE BETTER

<>

MOTOR COMPANY

The American Road, Dearborn, Michigan
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TMI Tubing
Stays On The
Progress Beam!

| TMI adopted one of
J business’ most challenging
axioms years ago: “Think big about little
things”! By doing so, TMI tubing has
developed the dependable habit of helping
our customers improve their profit pat-
terns . . . and their product performances.

It takes plenty of TMI experienced
research and cold-drawing ingenuity to
set such a leadership pace but it’s worth
it! “Little” things in quality methods
spell out the “Big” difference that keeps
TMI tubing on the progress beam in
aerospace and nuclear applications, in
instrumentation, and at every important
point on the metalworking horizon. Stay
on the Progress Beam with TMI.

The standard range of quality
production at TMI—.050" to
1.250" O.D.in cold drawnseamless
and Welded Stainless, high
temperatures and high corrosion
alloys including Haynes,

and Huntington alloys.
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BRIDGEPORT (Montgomery County), PA.
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pins, completely oxidized but apparent-
ly made of copper. Two of them, each
half an inch long and a sixteenth of an

| inch in diameter, were pointed at one

end; the third was pointed at both ends
and bent at more than a right angle.
Making such shapes as these from na-
tive copper would require cold-hammer-
ing, a technique only a few steps
removed from full metallurgy. The dis-
coverers are now awaiting laboratory
analyses to determine if the three pins
are indeed copper. If such is the case,
Miss Cambel and Braidwood point out,
it will prove that 9,000 years ago the
people of Cayonu were “using metal as
metal rather than as another object such
as stone and wood.”

Dangerous Dust?

Dust consisting of fine fibers of asbes-

tos, which are insoluble and virtu-
ally indestructible, may become a pub-
lic health problem in the near future. At
a recent international conference on the
biological effects of asbestos sponsored
by the New York Academy of Sciences,
participants pointed out on the one
hand that workers exposed to asbestos
dust are prone in later life to develop
lung cancer, and on the other hand that
the use of this family of fibrous silicate
compounds has expanded enormously
during the past few decades. A labora-
tory curiosity 100 years ago, asbestos
today is a major component of such
building materials as shingles and roof-
ing papers, floor tiles, insulation, wall-
board and piping and is an important
ingredient in such products as gaskets,
brake linings and calking compounds.
World production of asbestos in 1962
exceeded three million tons, and indus-
tries in the U.S. consumed 25 percent
of the total.

One result of this increasing use is
that asbestos dust is frequently encoun-
tered in ordinary daily life. ]J. G.
Thomson of the University of Cape
Town Medical School in South Africa
reported to the conference on 500 con-
secutive autopsies performed in Cape
Town and 500 in Miami, Fla., on in-
dividuals over the age of 15. Smears
were taken from the bottom of the
lungs; in both South Africa and the
U.S. characteristic “asbestos bodies”
were found in 20 percent of the females
and 30 percent of the males. Some of
the males showed asbestos bodies in
such abundance that occupational ex-
posure to asbestos dust appeared prob-
able; in 80 percent of all positive cases,
however, the incidence was low enough
to suggest that the asbestos bodies were
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present as a result of general atmo-
spheric contamination.

It is not clear what the tumor-
producing factor in asbestos is. Of the
three asbestos silicates in general indus-
trial use, two contain traces of iron and
the third has relatively high concentra-
tions of nickel and chromium. All three
metals are known to be carcinogenically
active. Two of the asbestos minerals
contain appreciable amounts of natural
hydrocarbons, some of which are also
carcinogenic.

The Opossum as a Player
A} opossum playing possum is genu-
inely feigning death, three re-
searchers at the Children’s Hospital of
Los Angeles have decided on the basis
of electroencephalograph records. The
“opossum state” is well established in
American folklore. Under attack the
little marsupial suddenly slumps into a
motionless ball with its head down, its
mouth open and its eyes fixed in a
glassy stare. Such behavior obviously
functions as a defense mechanism:
seeming to be dead, the animal is left
for dead, and it revives when the coast
is clear. There has been some doubt,
however, whether the opossum is actu-
ally feigning death or is in an involun-
tary cataleptic state induced by physio-
logical changes caused by the attack.

Allen C. Norton, Anthony V. Beran
and George A. Misrahy report in Nature
that they implanted electrodes on the
skulls of 15 opossums (Didelphis vir-
giniana). They induced the opossum state
in these animals by shaking them with
an “artificial dog jaw,” a device resem-
bling a large pair of pliers, and at the
same time playing recorded barking
sounds through a loudspeaker. When
first attacked, an opossum would hiss
and growl and try to fight back at the
jaw, but then suddenly all activity
would cease and the animal seemed to
be dead for as long as two or three
minutes. Electroencephalograph records
taken before, during and after the artifi-
cially induced opossum state showed no
change except perhaps a heightened
arousal level caused by the attack and
persisting after revival. To simulate the
natural situation more closely the ex-
perimenters allowed real dogs to shake
“naive” animals into an opossum state
that lasted five or six minutes. Again
there was no difference in the brain
waves during the state and after recov-
ery. Finding no evidence of unusual
brain activity, the investigators con-
cluded that “the folklore is correct; the
animal is merely ‘playing possum.””



New technologies that are moving forward

simulation of
space environments

Simulation of micrometeoroid
impact on materials ... by
accelerating micron-sized car-
bonyl spheres to hyperveloc-
ities . . . is one way HVEC Par-
ticle Accelerators are being
used effectively to research the
effects of space environments
on missile parts and men.

solid-state
“genetics”

Implantation of Boron-11 ions
to a depth of 1.5 microns into
a silicon substrate typifies the
significant research achieve-
ments made possible by HVEC
Particle Accelerators in micro-
circuitry, thin-film components,
and other areas of solid-state
technology.

—faster—with HVEC Particle Accelerators

materials evaluation
by irradiation

Bombardment of zinc by a
2-MeV electron pulse from an
HVEC Particle Accelerator
enables space researchers to
studytheeffects of high-energy
radiation. HVEC accelerators
have proved particularly useful
for destructive and non-de-
structive testing.

High Voltage Engineering Corporation Particle Accelerators — with their
precisely controllable energy, intensity, and low energy spread with freedom
of particle choice — are ideally suited for applied nuclear research.

For more details on particle accelerators,
write High Voltage Engineering Corpora-
tion, Burlington, Mass. or HVE (Europa)
N.V., Amersfoort, The Netherlands. Sub-
sidiaries: Electronized Chemicals Corpo-
ration, offering contract radiation serv-
ice; lon Physics Corporation, providing

o

HVEC produces a complete line of particle
accelerators from 300-keV to 30 MeV.

contract research and development.

HIGH VOLTAGE
ENGINEERING
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Which Polyester Film is better ?

There are compelling reasons to switch to Celanar polyester film.
For magnetic tape. Packaging. Engineering reproduction. Metalizing,
Stationery and office supplies. And electrical applications.

Celanar gives you more meaningful service for the price you pay.

Case in point: The purer the polyester film, the better it processes. f_/
To make certain new Celanar is the purest you can buy, Celanese S—
produces it in a sealed-off “White Room™ clean enough for surgery. o
It is by far the most modern in the industry. \

Another case in point: Many of our customers felt that undetected
environmental changes which might occur in shipment of polyester
film could adversely affect their processing operation. As a result, we
started shipping new Celanar with temperature recording flags. To
the best of our knowledge, the other supplier doesn’t.

Other unique examples of the meaningful service that makes Celanar
your best polyester film buy include the fact that Celanar is protected
against dust contamination by use of non-fibrous plastic cores. That it
is periodically shipped with Impact Recorders to protect you against
accepting film jolted and damaged in transit. That its splice-free roll
lengths are tailored to its customers’ specifications.

This is the kind of meaningful service you would expect from Celanese
Plastics—whose operating philosophy is that the customer, not the
supplier, is always right. Celanese®  Celanar®

Celanar® Polyester Film

To ensure maximum purity, new Celanar is produced in Q*ea‘ﬂede’

a unique, hospital-clean, sealed-off ““White Room”—the
most modern in the industry. And that’s just one of six
meaningful service advantages you get when you switch
to new Celanar polyester film,
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Prolein- digesting Enzymes

These enzymes, which are themselves proteins, play an essential role

in the process of digestion. The study of their molecular structure

provides clues as to how all enzymes produce their catalytic effects

problem that fascinates biochem-
A ists is how the living cell performs

with such speed and precision a
multitude of chemical reactions that
otherwise occur with immeasurable
slowness at the same temperature and
pressure. It has long been known that
the secret is to be found in the remark-
able catalysts created by the living cell.
A catalyst is defined as a substance that
promotes a chemical reaction without
itself being used up in the process. The
biological catalysts that mediate all the
chemical reactions necessary for life are
called enzymes. All enzymes are pro-
teins, although some work in concert
with the simpler inorganic or organic
compounds known as coenzymes. Each
enzyme is tailored to accelerate one spe-
cific type of chemical reaction, and since
the cell must carry out thousands of dif-
ferent reactions it must have the services
of thousands of different enzymes.

One important class of enzymes has
the task of degrading, or digesting, oth-
er proteins. Because the process is also
termed lysis (from the Greek word for
“loosing”), these enzymes are called
proteolytic. Present in all living orga-
nisms, they degrade cellular proteins as
part of the cell’s metabolic cycle. They
also take apart the protein molecules
that the organism ingests as food and
make the subunits available for con-
structing the new proteins the organism
needs for its own sustenance.

The molecules of proteins are com-
plex structures composed of hundreds
or thousands of amino acid subunits of
about 20 different kinds. These subunits
are linked together in various propor-
tions—exact for each protein—to form
polypeptide chains. The term “peptide”
refers to the bond that is formed when
two amino acids link together and in
the process release a molecule of water.
The portion of the amino acid molecule
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that remains in the polypeptide chain
after the loss of the atoms in water is
termed an amino acid residue.

Proteolytic enzymes have the ability
to restore the elements of water by a
process of hydrolysis that involves only
the protein, the proteolytic enzyme and
the water in which both are dissolved.
Protein hydrolysis occurs when the pep-
tide bond, which links a carbon atom on
one amino acid residue with a nitrogen
atom on the next, is broken. Simulta-
neously the hydroxyl ion (OH™) of a
water molecule is added to the carbon
end of the broken protein chain and
the remaining hydrogen ion (HY) is
added to the nitrogen end [see top illus-
tration on page 70].

Like all other chemical reactions, pro-
tein hydrolysis involves an exchange of
electrons between certain atoms of the
reacting molecules. In the absence of
a catalyst this exchange occurs so slow-
ly that it cannot be measured. It can
be accelerated by the addition of acids,
which increase the supply of hydrogen
ions, or of bases, which provide hy-
droxyl ions. The acids and bases act as
true catalysts: they are not consumed
in the process. If a protein is boiled in
a concentrated acid, it will decompose
completely into free amino acids. Such
conditions would obviously destroy a
living cell. Proteolytic enzymes produce
the same result even faster and with
no harm to the organism. And whereas
hydrogen ions act indiscriminately on
all proteins and on all peptide linkages
in any protein, proteolytic enzymes are
specific, acting only on certain kinds of
linkage.

Since proteolytic enzymes are them-
selves proteins, their action is directed
toward the same compounds from which
they are made. What, then, differenti-
ates a protein that is a proteolytic en-
zyme from the protein the enzyme di-
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gests How does a proteolytic enzyme
exert its catalytic function without de-
stroying itself or the cell in which it
originates? An answer to these funda-
mental questions would do much to
clarify how all enzymes perform their
functions. In the 30 years since a proteo-
lytic enzyme (trypsin) was first isolated
and crystallized (by Moses Kunitz of
the Rockefeller Institute) proteolytic
enzymes have served as prototypes in
studies relating protein structure to en-
zyme function.

Because of their role in one of man’s
most important functions, that of nour-
ishing himself, the proteolytic enzymes
of the digestive tract have a long his-
tory of investigation, surpassed perhaps
only by the study of the enzymes in-
volved in the fermentation of alcohol
by yeast (from which the term “en-
zyme,” meaning “in yeast,” is derived).
Among the digestive enzymes, those
secreted by the pancreas—trypsin, chy-
motrypsin and the carboxypeptidases—
are the most completely analyzed and
best understood. Hence they will serve
to illustrate what is now known about
the specificity, structure and mode of
action of all proteolytic enzymes.

The proteolytic enzymes of the pan-
creas are synthesized in the form of pre-
cursors called zymogens, and they are
stored in the pancreas in intracellular
bodies known as zymogen granules. In
the zymogen form proteolytic enzymes
are inactive and so are prevented from
exerting their destructive action on the
protein components of the tissue in
which they originate. Activation takes
place after the zymogens are secreted
into the small intestine, where a certain
enzyme makes small but important
changes in the structure of the zymogen
molecule. Such changes will be consid-
ered in more detail later in this article.

As I have indicated, proteolytic en-
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CHYMOTRYPSINOGEN MOLECULE, the inactive precursor of
the protein-digesting enzyme chymotrypsin, may look something
like this. This drawing, based on a model built by the author,
shows the hypothetical route of the molecule’s central chain com-
posed of 246 amino acid subunits, often referred to as residues.
The model takes into account many of the known chemical fea-
tures of this enzyme secreted by the pancreas. The three-dimen-

| =]

sional conformation is dictated, in part, by sulfur-sulfur linkages,
or disulfide bridges, which tie the molecular chain together at five
points. The molecule becomes an active enzyme when split by
trypsin at the point indicated by the black ring. Three gray rings
show secondary cleavage points. The active site of the molecule
is believed to lie in a small region that includes two residues
of histidine and a residue of serine, all three shown in dark color.
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CLEAVAGE OF A “PEPTIDE” BOND is the fundamental step in
the degradation, or digestion, of a protein molecule. A peptide
bond is the carbon-nitrogen linkage formed when two amino acids
are united with the simultaneous release of a molecule of water.

zymes are highly selective in their cata-
lytic effect. An enzyme such as trypsin
will hydrolyze certain bonds in a pro-
tein molecule but will have no mea-
surable effect on certain others. The
explanation is that, although all peptide
bonds are chemically similar, their im-
mediate environment is modified by the
chemical nature of the amino acid resi-
dues on either side of a given bond.
Each of the proteolytic enzymes re-
quires a specific chemical environment
in order to catalyze the hydrolysis of a
peptide bond.

Trypsin, for example, hydrolyzes
only peptide bonds whose carbonyl
group (C=O0) is contributed by an ami-
no acid (e.g., arginine or lysine) that
has a positively charged side group.
Chymotrypsin acts preferentially on
peptide bonds whose carbonyl group is

ASPARTIC ACID

SPECIFICITY OF PEPTIDE BOND CLEAVAGE is an important
characteristic of enzyme action. Three of the principal “proteo-
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adjacent to an amino acid (e.g., tyrosine
or phenylalanine) that has a six-carbon
ring in its side group. In contrast, car-
boxypeptidases exclusively hydrolyze
the last peptide bond in a polypeptide
chain. Carboxypeptidase A acts prefer-
entially on peptide bonds adjacent to
terminal amino acid residues with a
six-carbon-ring side group, and carboxy-
peptidase B on those adjacent to ter-
minal residues (e.g., lysine or arginine)
whose side groups end in an amino
group (NH,). An illustration of the
specificities of these enzymes toward a
hypothetical polypeptide is shown at
the bottom of these two pages.

Broadly speaking, trypsin and chy-
motrypsin cleave peptide bonds that oc-
cupy internal positions in the polypep-
tide chain, and hence they are referred
to as “endopeptidases.” Carboxypepti-

ARGININE

H
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The reverse process, peptide hydrolysis, is shown here. Without a
catalyst, hydrolysis is immeasurably slow. The letter “R” represents
any of the various side groups found in the 20 common amino
acids from which the polypeptide chains of proteins are assembled.

dases, which cleave the outermost pep-
tide bonds, are called exopeptidases.
As we shall see, it happens that the two
endopeptidases, trypsin and chymotryp-
sin, operate by a common mechanism
that is different from the one involved
in the action of carboxypeptidases.

A typical protein molecule contain-
ing several hundred amino acid resi-
dues in a linear sequence will have
many peptide bonds that can be at-
tacked by an enzyme such as trypsin.
The enzyme can hydrolyze the chain at
every peptide bond adjacent to an ar-
ginine or a lysine residue, giving rise
to polypeptide fragments with arginine
or lysine residues at the ends. If the
same protein is exposed to the action of
a carboxypeptidase rather than trypsin,
the terminal peptide bonds will be hy-
drolyzed sequentially, giving rise to free

VALINE
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TRYPSIN

Iytie,” or protein-digesting, enzymes are trypsin, chymotrypsin and
carboxypeptidase A. Each will split only peptide bonds that are in




amino acids one at a time until a pep-
tide bond is reached that does not meet
the specific requirements of the attack-
ing enzyme. Through the combined ac-
tion of endopeptidases and exopepti-
dases a protein can be digested into
fragments of various lengths and ulti-
mately degraded into free amino acids.
This process is physiologically signifi-
cant: it provides both free amino acids
and larger fragments for absorption
through the intestinal wall. The selec-
tive hydrolysis of proteins by proteolytic
enzymes has also been an important ex-
perimental tool for the determination of
the amino acid sequence of proteins
[see “The Chemical Structure of Pro-
teins,” by William H. Stein and Stan-
ford Moore; SCIENTIFIC AMERICAN,
February, 1961].

A major step toward understanding
the specificity of proteolytic enzymes
was taken some 25 years ago at the
Rockefeller Institute, when Max Berg-
mann, Joseph S. Fruton (now at the
Yale University School of Medicine) and
their associates found that relatively
simple synthetic compounds with only
one or two peptide bonds were also
susceptible to hydrolysis by proteolytic
enzymes. They found, for instance, that
trypsin rapidly hydrolyzes a compound
designated N-acyl argininamide, whose
molecular structure is derived from the
amino acid arginine [see upper illustra-
tion on next page]. Molecules of this
kind have an amide (a nitrogen-contain-
ing group) where arginine has a car-

TYROSINE

CHYMOTRYPSIN

a particular chemical environment. Thus trypsin splits the peptide
bond to the right of an arginine residue; chymotrypsin splits the

boxyl group (COOH); at the other end
they have an acyl group (a derivative of
an organic acid, such as acetic acid)
where arginine has its primary amino
group. The hydrolysis of such molecules
by trypsin yields N-acyl arginine and
ammonia.

Several years later my associates
George Schwert, Seymour Kaufman,
John Snoke and I, then working at the
Duke University School of Medicine,
were able to narrow down still further
the minimum structural elements re-
quired in a molecule that could be
hydrolyzed by trypsin. We found that
when the nitrogen of the amide group
in N-acyl argininamide is replaced by
oxygen, the resulting esters are hydro-
lyzed even more rapidly than the origi-
nal amide compound. These synthetic
compounds, like all other substances
on which enzymes act, are commonly
called substrates.

The recognition that substrates of
such relatively simple and specified
properties are attacked in the same
way as complex proteins has helped
considerably in clarifying how proteo-
lytic enzymes work. It was immediately
evident that the large size of the natural
substrate molecule does not play a
unique part in the action of proteolytic
enzymes. Furthermore, synthetic sub-
strate molecules with a limited number
of reactive groups have provided a tool
for testing the contribution of each
structural element of the substrate to
the specificity of the enzyme, just as a

ALANINE

CARBOXYPEPTIDASE A
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set of keys can be used to determine the
precision and uniqueness of a lock. A
great many investigations of this kind,
extending the work of Bergmann and
his associates, have been conducted in
numerous laboratories, particularly those
of Emil L. Smith at the University of
Utah College of Medicine, of Carl
Niemann at the California Institute of
Technology and in our own laboratory
at the University of Washington. These
studies have provided a rich catalogue
of information relating the structure of
synthetic molecules to their interaction
with proteolytic enzymes.

This catalogue contains a special sec-
tion listing a group of compounds that
react with both trypsin and chymotryp-
sin as if they had little regard for the
different specificities of the two en-
zymes. These compounds are highly re-
active esters, formed by the coupling of
an “aromatic” alcohol (one having a six-
carbon ring) with certain organic acids.
Let us therefore consider at this point
some basic principles of the mechanism
of action of these enzymes.

Each atom has only a limited number
of electrons that can be shared with
surrounding atoms to form chemical
bonds. When additional electrons are
offered such an atom, it can accept
them only by letting go of electrons
already being used, causing that bond
to rupture. In the hydrolysis of poly-
peptides, bond breakage is usually ini-
tiated by a nucleophile, a compound
with electrons to spare [see lower illus-

PHENYLALANINE

bond to the right of a tyrosine residue; carboxypeptidase 4 splits
a terminal peptide bond to the left of a phenylalanine residue.
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CLEAVAGE OF SYNTHETIC SUBSTRATES, compounds that are acted on by enzymes,
can provide important information about enzyme mechanisms. The molecule shown here,
N-acyl argininamide, is a derivative of the amino acid arginine and one of the simplest
compounds cleaved by trypsin. The acyl group (R-CO) replaces a hydrogen atom normally
present in arginine; the amino group (NH,) at right replaces the hydroxyl group (OH).
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CLEAVAGE MECHANISM is believed to require a nucleophile, a reactive group with
electrons to spare. The nucleophile represented here by :Y has two lone electrons in its
outer shell. The nucleophile reacts with the substrate (R-CO-X) to form an unstable inter-
mediate in which each of the carbon atom’s four bonds is linked to another atom or group.
When the C-X bond breaks, X is expelled. X is a nitrogen atom in polypeptides or an
oxygen atom in esters. An ester is produced when an acid combines with an alcohol.

tration above]. As the electrons are ac-
cepted by the carbon atom of the pep-
tide bond, the link between the carbon
and the nitrogen is broken and the
amide group is detached. An enzyme
such as chymotrypsin is believed to
promote this reaction because certain
groups on the surface of its molecule
are effective electron donors.

It is clear, however, that many other
features of an enzyme are involved in
the process. To begin with, the enzyme
binds the substrate to itself and thereby
brings the reacting groups of both sub-
strate and enzyme in close contact with
each other. The enzyme’s reacting
groups include effective nucleophiles,
such as the five-atom imidazole ring of
the amino acid histidine. Other enzyme
groups tend to stabilize the intermedi-
ate products formed during hydrolysis.
One of these is the short but reactive
side group of the amino acid serine,
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which can transiently capture the acid
portion of the substrate, forming an
ester [see illustration on opposite page].

The operation of these factors can be
illustrated by the hydrolysis of the syn-
thetic substrate p-nitrophenylacetate,
which is the acetic acid ester of the
aromatic alcohol nitrophenol. That this
substrate can be hydrolyzed both by
trypsin and by chymotrypsin was shown
by B. S. Hartley and B. A. Kilby of the
University of Cambridge. The hydrol-
ysis begins when the enzyme encounters
the substrate in solution and the two
molecules form what is described as an
enzyme-substrate complex. In the sec-
ond step the ester is split into its acidic
and basic constituents. The former, or
acetyl portion, combines with the en-
zyme, giving rise to an intermediate
called the acyl enzyme; the latter is re-
leased as the alcohol nitrophenol. In
the third step the acyl enzyme is hydro-
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lyzed by water, which regenerates free
enzyme and liberates the acyl group as
the corresponding acid (in this case
acetic acid).

The first step happens so fast that it
cannot be separated from the second;
the third step, however, takes place
more slowly. The initial burst of activity
representing the first two steps can be
followed by measuring the liberation
of nitrophenol; the measurements are
made easier by the fact that this alcohol
is yellow. The third step can be fol-
lowed by measuring the release of the
acid. Since it is the slowest step, it gov-
erns the overall rate of the process. The
mechanism of each of these steps has
been studied intensively, notably by
Thomas C. Bruice, first at Cornell Uni-
versity and more recently at the Univer-
sity of California at Santa Barbara, and
by Myron L. Bender at Northwestern
University. A particular effort has been
made to identify the specific groups on
the enzyme surface that participate in
each of the postulated steps.

So far two kinds of group have been
clearly implicated in the proteolytic ac-
tivity of trypsin and chymotrypsin. The
reaction with p-nitrophenylacetate can
be stopped at the end of the second
step, for instance, by carrying out the
reaction in a mildly acidic solution.
When the acyl enzyme is removed and
analyzed, it is found that the acyl frac-
tion is invariably bound to the hydroxyl
group of a serine residue of the enzyme.
Although trypsin and chymotrypsin
each contain some 30 serine residues
per molecule, only one of them is capa-
ble of capturing the acyl group during
reaction with synthetic substrates. The
location of this active serine has been
identified within the structure of each
of the two enzymes. Because serine
is involved in their reactivity, trypsin,
chymotrypsin and several other enzymes
that function in the same way have
been given the name “serine proteases.”

The other group that has been defi-
nitely implicated as a participant in the
enzymatic reaction is the imidazole ring
of a histidine residue, which contains
three carbon atoms and two nitrogen
atoms. It is an effective nucleophile
because it can donate two electrons
from one of the two nitrogen atoms of
the ring structure. Therefore it is be-
lieved that the histidine residue par-
takes in the second step of the reaction
by initiating the attack on the peptide
bond or the equivalent bond in an ester,
and possibly also in the third step by
initiating the hydrolysis of the acyl en-
zyme.

Chymotrypsin contains two histidine
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HYDROLYSIS OF ENZYME SUBSTRATE by the active site in
chymotrypsin or trypsin may take place as shown here. The active
site contains the functional groups of two histidine residues (light
colored area containing two imidazole rings) and of a serine
residue (dark color). The chemical nature of the group X is not
established. In Step 1 the ester enters the active region. In Step 2
the OH group of the serine residue begins its nucleophilic attack.
In Step 3 an unstable intermediate is formed. In Step 4 the ester is

I
H=—0)

WATER

cleaved and an acyl enzyme is formed. The alcohol created by the
cleavage of the ester is released and is replaced by a molecule of
water (Step 5). In Step 6 a second nucleophilic attack is launched
by the OH group of water. In Step 7 another unstable intermediate
is formed. And in Step 8 the acid fraction of the ester is released
and the free enzyme is restored to its original active condition.
The scheme shown here is based in part on concepts proposed by
Myron L. Bender and F. J. Kézdy of Northwestern University.
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SYNTHETIC ENZYME INHIBITORS can abolish the activity of chymotrypsin and
trypsin by reacting with one of the histidine residues in the active site of the enzyme.
The compound shown here, p-toluenesulfonyl-phenylalanyl-chloromethylketone (TPCK),
resembles chymotrypsin substrates and reacts only with chymotrypsin. If the side chain
containing the six-carbon ring is replaced by the straight side chain found in lysine, the
compound (then known as TLCK) resembles trypsin substrates and reacts only with trypsin.

residues and trypsin three of them. As
we shall see, there is reason to believe
that not one but two histidine residues
are in fact cooperating in this process.
One of them pushes the electrons to-
ward the bond being attacked; the other
pulls electrons from the opposite side.
In this reaction scheme only the second
and third steps involve the actual break-
ing of chemical bonds. The first step,
on the other hand, does not necessarily

CYs

lead to a reaction. This step is depen-
dent on the affinity of the enzyme for
the substrate and hence is an expres-
sion of enzyme specificity, as distin-
guished from the catalytic function per-
formed in the second and third steps.
The groups on the enzyme that con-
tribute either to specificity or to cataly-
sis constitute what is often termed the
active site, or active center. The exis-
tence of such a region is hypothetical;

CLEAVAGE POINT

the terms suggest that only a portion of
the enzyme molecule is involved in en-
zyme action. The active region is only
the relatively small area that comes in
direct contact with the substrate. Con-
siderable effort is currently being ex-
pended to identify the reactive groups
in the active centers of enzymes. Much
of the evidence for the existence of such
centers has come from investigations of
enzyme inhibition, a subject to which
I shall now turn.

Enzyme Inhibition

It is to be expected that the function-
ing of an enzyme will be impaired if
any of the groups required for binding
or for catalysis are not available to in-
teract with the substrate. Certain natu-
rally occurring inhibitors of trypsin and
chymotrypsin have a high affinity for
these enzymes, and they have mole-
cules so large that presumably they
block off much if not all of the active
center. Among these substances are the
trypsin inhibitor found in the pancreas
and the trypsin inhibitors isolated from
the soybean. Other inhibitors structural-
ly resemble a normal substrate but lack
the reactive bond in the required posi-
tion. These substrate analogues are be-
lieved to occupy the binding site on the
enzyme, thus blocking the normal sub-
strate.

One of the earliest observations im-
plicating a serine residue as a com-
ponent of the active center of trypsin
and chymotrypsin was the discovery

cHymoTrYPsiNOGEN [ [ [ [ [ ]

| 16

TRYPSINOGEN

CYS HALF-CYSTINE

LINEAR SEQUENCES of the amino acid residues of chymotryp-
sinogen and trypsinogen, the inactive precursor of trypsin, have
been established except for one short stretch (84-87) in trypsin-
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ovs SER CYS
HIS HISTIDINE SER SERINE

ogen. When the two sequences are aligned as shown here, it is
found that about 40 percent of the positions in the two chains are
occupied by the same amino acid residues. These regions of




by A. K. Balls of Purdue University
and Eugene F. Jansen of the U.S. De-
partment of Agriculture that the two
enzymes are inhibited by a nerve
gas, diisopropylfluorophosphate (DFP).
Two years earlier Abraham Mazur and
Oscar Bodansky of the Medical Division
of the Chemical Warfare Service at
Edgewood Arsenal had shown that DFP
similarly inhibits acetylcholine esterase,
an enzyme involved in the conduction
of nerve impulses. When the inhibited
chymotrypsin was subsequently broken
down and analyzed, a phosphorus-con-
taining fragment of DFP was invariably
found to be attached to a specific serine
residue—the same residue that later was
found to be acylated during reaction
with p-nitrophenylacetate. Thus the
chemical modification of a single resi-
due—serine—completely abolished en-
zyme function.

A clear demonstration that a histidine
residue is another constituent of the
active site has recently been provided
by Elliott N. Shaw and his co-workers
at Tulane University. These investiga-
tors synthesized compounds that in
structure simulate speciﬁc substrates
but contain, instead of the bond nor-
mally hydrolyzed, a group that reacts
irreversibly with a histidine residue.
For example, the compound p-toluene-
sulfonyl - phenylalanyl - chloromethylke-
tone (TPCK) resembles substrates for
chymotrypsin [see top illustration on op-
posite page]. It reacts with a nucleo-
phile in the active center, specifically a
histidine residue, completely inhibiting

the enzyme. The compound known as
TLCK is analogous, except that it simu-
lates specific substrates for trypsin and
therefore reacts with a histidine residue
in the active center of trypsin only. In
addition to serine and histidine, other
specific residues seem to be important
for the catalytic function of trypsin and
chymotrypsin, but their role is still to
be clarified.

Enzyme Structure

The relation between the structure of
the entire enzyme molecule and its ac-
tive site is not fully understood. In
most cases, however, the maintenance
of the three-dimensional structure of
the entire molecule is necessary for
maintaining the conformation of the ac-
tive center. Hence many processes that
change the conformation of the protein
are accompanied by a loss of enzymatic
activity. Trypsin, chymotrypsin and car-
boxypeptidases contain some 200 to
300 amino acid residues per molecule,
equivalent to between 3,000 and 5,000
atoms. The active site involves only a
small fraction of the residues, perhaps
not more than 20. In order to appreci-
ate the magnitude of the problem of
characterizing the active site, let us
consider what is now known about the
chemical composition and structure of
these enzymes.

The chemical composition of a com-
pound is usually expressed by the num-
ber of atoms of which it is composed.
On this basis glucose has the composi-

tion CgH;504. Chymotrypsinogen—the
inactive precursor, or zymogen, of chy-
motrypsin—has the elemental composi-
tion Cy 130H; 7820356N308512. This for-
mula tells us virtually nothing, however,
about the arrangement of the atoms in
the molecule. For such giant protein
molecules the composition is usually ex-
pressed in terms of the constituent ami-
no acid residues rather than the atoms.
Thus the composition of chymotrypsin-
ogen, which contains 246 amino acid
residues, can be written: alanines, argi-
nine, aspartic acid, asparagine,, half-
cystine,, glutamic acid; glutamine,,
glycine, histidine, isoleucine, leucine
lysine; ; methionine, phenylalanine, pro-
line, serine,, threonines; tryptophang
tyrosiney valine,s.

But even this representation is not
adequate to describe the properties of
a protein, any more than the formula
C¢H,.04 genuinely describes the chemi-
cal properties of glucose. A more mean-
ingful representation of the structure of
proteins is given in terms of their amino
acid sequence, that is, the linear ar-
rangement of the amino acid residues.
Such an analysis is a formidable under-
taking; until recently it had been ac-
complished for only one enzyme—ribo-
nuclease, a pancreatic enzyme whose
molecule is made up of 124 amino acid
residues.

The amino acid sequence of both
trypsinogen (the precursor of trypsin)
and chymotrypsinogen have been an-
nounced within the past year. The
trypsinogen molecule is composed of a

HIS CYa HISCYS
40 L 5115
HIS CYS HISCYS

CYS

homology are indicated by filled squares. The longest homologous
sequences involve areas believed to be part of the active sites of the
two enzymes. The 10 half-cystine residues in chymotrypsinogen link
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up to form five disulfide bridges and the 12 half-cystines in tryp-
sinogen form six disulfide bridges. The effect on the two-dimension-
al geometry of the two enzymes is shown on the next two pages.
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ACTIVE SITES in chymotrypsinogen and trypsinogen, labeled
“histidine region” and “serine region,” are almost identical. In each
homologous region there are two half-cystine residues (dark gray)
that form disulfide bridges in the actual molecule and serve to lock
the active histidine and serine residues in a fixed position. The

single polypeptide chain of 229 amino
acid residues, or 17 fewer than chymo-
trypsinogen. The amino acid sequence
of chymotrypsinogen was established by
Hartley at Cambridge and indepen-
dently by B. Keil and F. Sorm of the
Czechoslovak Academy of Science in
Prague. The amino acid sequence of
trypsinogen was subsequently reported
from our laboratory by K. A. Walsh and
his co-workers, and a partial sequence
was published by the Prague group. In
each laboratory some 15 man-years of
work have gone into the sequence analy-
sis of each of these two proteins.
Although the amino acid sequence
does not reveal the three-dimensional
structure of a protein, it provides much
information of value to the enzyme
chemist. For example, it permits the
identification of any residue that partici-
pates directly or indirectly in enzyme
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catalysis. In the case of the zymogens
chymotrypsinogen and trypsinogen it
also discloses the location of the peptide
bonds in the molecule that are cleaved
during activation. Chymotrypsinogen is
converted to chymotrypsin by cleavage
of the bond between the 15th and 16th
amino acid residues in the chymotryp-
sinogen chain. The activation of trypsin-
ogen is accomplished by a cleavage be-
tween its sixth and seventh residues.
Subsidiary cleavage points in chymo-
trypsinogen will be mentioned later.
An important feature of linear poly-
peptide chains is that they are often
folded and cross-linked at one or more
points. Such cross-links, or bridges, can
have an important role in establishing
a protein’s three-dimensional structure.
A cross-link is formed when two sulfur
atoms protruding at different points on

the polypeptide chain join in a disulfide
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disulfide bridges are shown as short double bonds in the schematic
two-dimensional representations of the two enzymes. In trypsino-
gen the heavy bonds indicate the three disulfide bridges whose
location is known; the lighter bonds show possible bridge loca-
tions. When cleaved between residues 15 and 16, chymotrypsinogen

(=S—S—) bond. The individual sulfur
atoms enter the chain appended to
cysteine residues, but when two such
residues are linked by a disulfide bond,
the combination entity is called a
cystine residue. The chymotrypsinogen
molecule has five cystine (or 10 half-
cystine) residues, which serve to tie the
molecule together at five different
points. The location of these disulfide
bridges is shown at the upper left in the
illustration above. The trypsinogen
molecule has 12 half-cystine residues
and therefore six bridges, but only three
have been precisely located.

The Active Centers

When the amino acid sequences of
chymotrypsinogen and trypsinogen were
unraveled, biochemists immediately
looked for the location of the histidine



53 54 56 57

VAL | THR | ALA | ALA | HIS

VAL | SER | ALA | ALA | HIS

42 43 4 45 46
ALA ALANINE LEU LEUCINE
ASN ASPARAGINE MET METHIONINE
ASP ASPARTIC ACID PHE PHENYLALANINE
CYS HALF- CYSTINE PRO PROLINE
GLN GLUTAMINE SER SERINE
GLU GLUTAMIC ACID THR THREONINE
GLY GLYCINE TRP TRYPTOPHAN
HIS HISTIDINE VAL VALINE
ILEU ISOLEUCINE

is converted to the active enzyme chymo-
trypsin. Cleavage of trypsinogen between
residues 6 and 7 yields active trypsin.
(The lighter broken lines in chymotrypsin-
ogen indicate secondary cleavage points.)

and serine residues that had been iden-
tified with the active centers of the two
molecules. In chymotrypsinogen the ac-
tive histidines are at positions 40 and
57; in trypsinogen, the shorter molecule,
they are at positions 29 and 46. In both
molecules the spacing between the two
histidines is exactly the same. In both
there are neighboring cystine residues
that tie the polypeptide chain together
in such a way that the two histidine
residues are brought close together.
Thus chymotrypsinogen has a cystine
bridge between positions 42 and 58,
which gives rise to a loop in the molecu-
lar chain. Similarly, trypsinogen has a
cystine bridge between positions 31 and
47, forming another loop. Brought into
proximity at the entrance to these loops,
the two histidines can cooperate in act-
ing as electron donors in protein hy-

drolysis.

Where in the two structures are the
reactive serines? In chymotrypsinogen
the reactive serine is at position 195 and
in trypsinogen it is at position 183.
Again note the similarity in location.
And although in each molecule there is
a large linear distance between the two
histidines and the reactive serine, there
is good reason to believe that the three
residues actually lie close together in
the active region of the three-dimen-
sional molecule.

The resemblance in chemical structure
between chymotrypsinogen and tryp-
sinogen goes even further. When the
amino acid sequences of the two mole-
cules are compared side by side, after a
common starting point has been chosen,
it is found that about 40 percent of the
amino acid residues are the same in
both molecules [see illustration on pages
74 and 75]. Moreover, the most striking
similarity in sequence occurs in the
neighborhood of the histidine residues
and the reactive serine [see illustration
at left].

This marked similarity in structure of
two enzymes that operate by the same
mechanism but differ in specificity sug-
gests that the two may have evolved
from a common archetype. In the course
of evolution those elements of the struc-
ture that are necessary for enzyme func-
tion would have remained unchanged.
A similar conservation of chemical char-
acter, together with preservation of bio-
logical function, had previously been ob-
served in the amino acid sequence of
the cytochrome and hemoglobin mole-
cules found in various species of animals
[see “The Hemoglobin Molecule,” by
M. F. Perutz; SCIENTIFIC AMERICAN,
November].

The three-dimensional structure of
chymotrypsinogen and trypsinogen is
still unknown. The method of X-ray
crystallography, which has been so suc-
cessful in determining the three-dimen-
sional structure of hemoglobin and its
close relative myoglobin, has proved
to be much more difficult to apply to
the proteolytic enzymes. The data avail-
able so far for chymotrypsinogen and
chymotrypsin reveal something that has
been facetiously described as “complex
but unintelligible.” In the absence of
direct evidence we have attempted to
construct a hypothetical model of chy-
motrypsinogen that incorporates certain
principles we believe to be correct [see
lustration on page 69]. The model
shows, for instance, the close juxtaposi-
tion of the two histidines and the active
serine, the restrictions imposed by the
disulfide bonds, the tendency of water-
soluble amino acid residues to be on the
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outside of the molecule and water-
insoluble residues to be on the inside,
and the necessity for the peptide bonds
cleaved during activation to be readily
accessible. How many of the model’s
features are correct only future research
will tell.

The zymogen precursors of proteo-
lytic enzymes are manufactured within
the cells of the digestive organs but are
converted into active enzymes after they
have been secreted by the cells. In all
known cases the conversion involves the
splitting of a specific peptide bond in
the zymogen molecule. Representative
examples of zymogen activation, in ad-
dition to the activation of chymotryp-
sinogen and trypsinogen, are the con-
version of pepsinogen to pepsin and of
procarboxypeptidase to carboxypepti-
dase. The phenomenon is not limited to
proteolytic enzymes; for instance, many
of the proteins involved in the process
of blood clotting require similar activa-
tion, such as the conversion of pro-
thrombin to thrombin, of plasminogen
to plasmin and of fibrinogen to fibrin.

Zymogen Activation

The key enzyme in the activation of
pancreatic zymogens is enterokinase, a
proteolytic enzyme secreted by the mu-
cous membranes of the intestine. Its
prime function is to convert trypsinogen
to trypsin; trypsin then becomes the key
for the activation of all other pancreatic
zymogens. Enterokinase is not, however,
the only enzyme that can activate tryp-
sinogen; the activation can be accom-
plished by trypsin itself and by several
other enzymes, some of them found in
bacteria. As far as is known, all these
enzymes function in the same way: they
cleave a specific peptide bond in the
polypeptide chain of trypsinogen. In
the trypsinogen obtained from cattle the
cleavage occurs between the sixth and
seventh amino acid residues of the
chain. Since each molecule of trypsin
released can activate another molecule
of trypsinogen, it is apparent that the
activation of trypsinogen is a self-accel-
erating process. Chymotrypsinogen sim-
ilarly becomes an active enzyme when
it is cleaved by trypsin. The cleavage
takes place near one end of the chain
(between residues 15 and 16) but no
fragment is released because residue 1
is tied to the remainder of the molecule
by a disulfide bond.

In these activation reactions the hy-
drolytic effect of trypsin comes to a halt
after the first peptide bond has been
cleaved. Presumably all other peptide
bonds in the zymogen molecule that
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could have been cleaved are so located
within the structure of the molecule as
to remain completely resistant to the
action of the enzyme. In the activation
of chymotrypsinogen, hydrolysis can go
a bit further because the chymotrypsin
formed acts as a proteolytic enzyme on
itself and can cleave three additional
peptide bonds; they lie between posi-
tions 13 and 14, 145 and 146, and 147
and 148. All the resulting fragments are
enzymatically active. But the bond be-
tween positions 15 and 16 must first be
split by trypsin.

All known zymogens of the pancreas
follow the same pattern of activation
when they become converted to the ac-
tive form. The activation requires the
cleavage of a peptide bond adjacent to
an arginine or a lysine residue near the
beginning of the polypeptide chain of
the zymogen. Some zymogens, however,
must undergo additional transformations
before they become activated. For ex-
ample, the zymogen procarboxypepti-
dase A exists in the pancreatic juice as
an aggregate of three large molecular
subunits. Only one of these, subunit I,
can be regarded as the immediate pre-
cursor of the enzyme carboxypeptidase
A. Subunit II is the precursor of an en-
zyme that is similar in specificity to
chymotrypsin but differs in composition
from the chymotrypsin we have been
dizcussing. The nature and role of sub-
unit III is unknown. When trypsin is
added to the three aggregated subunits,
subunit I is converted to carboxypepti-
dase A only after subunit II has first
become activated.

Why and how does the cleavage of a
single and specific peptide bond in the
zymogen give rise to an active enzyme?
At present one can offer only a partial

explanation, based largely on reasoning
and only indirectly supported by ex-
perimental facts. I have mentioned pre-
viously that the action of an enzyme
seems to involve two steps: the specific
binding of the substrate and the subse-
quent bond-cleaving. Singly or in com-
bination these steps require the proper
configuration of groups on the enzyme
molecule: the binding site and the cata-
lytic site. The absence of either site or
both in the zymogen would preclude en-
zyme function. Experiments have shown
that chymotrypsinogen can bind sub-
strates or inhibitors for chymotrypsin in
much the same way that chymotrypsin
itself does. These observations suggest
that the binding site exists in the zymo-
gen and hence that the catalytic site is
not functional unless and until the spe-
cific peptide bond is cleaved during ac-
tivation.

This cleavage is believed to change
the conformation of the protein mole-
cule so as to bring the groups involved
in the bond-cleaving mechanism into
the proper spatial relation. In the case
of trypsin and chymotrypsin these
groups are the reactive serine residue
and the two histidine residues. Since
the binding site and the catalytic site
together form the active center, how-
ever, they must occupy adjacent or
overlapping areas. Inasmuch as one of
them is already present in the zymo-
gen, it follows that the conformational
changes involved in zymogen activation
must be localized within a very small
region of the molecule. The relation be-
tween these two sites is perhaps anal-
ogous to the relation of the back and the
seat of a folding chair: the back can be
regarded as determining the specificity
and the seat the function. Obviously it

\

ENZYME CRYSTALS of bovine trypsinogen are at left and of trypsin at right. It can be
seen that activation of the former produces a striking change in crystal structure. The two
photomicrographs were made in 1935 by Moses Kunitz of the Rockefeller Institute.
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is only after the chair is unfolded that
it becomes functional.

Although this article has drawn al-
most exclusively on trypsin and chymo-
trypsin to illustrate the relation between
chemical structure and enzymatic func-
tion, it would be wrong to conclude that
all proteolytic enzymes utilize the same
mechanism for the hydrolysis of pep-
tide bonds. The range of structures
essential for catalytic function is not
limited to the cooperation of serine and
histidine residues. For instance, the pro-
teolytic enzymes of a group found in
plants require a free thiol group (SH)
for catalytic activity. These include
papain, a proteolytic enzyme extracted
from papaya juice, and ficin, an en-
zyme obtained from the fig tree. Papain,
commercially used as a meat tenderizer,
has a polypeptide chain of some 180
amino acid residues; the chain of ficin is
probably somewhat longer.

Other proteolytic enzymes, such as
pepsin and certain enzymes found in
bacteria, are active only in slightly acid
solution. Some aminopeptidases and the
carboxypeptidases require the participa-
tion of specific metals for enzymatic
function. (The former are exopeptidases
that cleave only the first bond in a poly-
peptide chain; the latter are exopepti-
dases that cleave only the last bond.)
The aminopeptidases usually require as
coenzymes the ions of such metals as
manganese and magnesium. The car-
boxypeptidases usually contain in their
active center a firmly bound atom of a
metal such as zinc.

Carboxypeptidase A exemplifies the
behavior of these metal-containing en-
zymes. It has a single chain of some 300
amino acid residues; their complete se-
quence is still unknown. Yet the mode of
action of this enzyme and the structure
of its active site are remarkably well
understood. Bert L. Vallee and his as-
sociates at the Harvard Medical School
have shown that the natural enzyme
contains an atom of zinc that is be-
lieved to be anchored to a thiol group
somewhere in the chain and to an amino
group of the first residue in the chain.
When zinc is present, the enzyme will
hydrolyze both polypeptides and their
corresponding esters. When the zinc is
removed, the protein completely loses
its enzymatic activity.

If zinc is replaced by another metal,
the specificity of the enzyme is altered.
For example, when zinc is replaced by
cadmium, the enzyme no longer hy-
drolyzes peptides but hydrolyzes esters
even more effectively than the zinc en-
zyme does. When zinc is replaced by
copper, the enzyme again becomes in-



active. Vallee and his associates have
shown that it is possible not only to
modify the activity of carboxypeptidase
by replacement of the metal but also
to manipulate the activity and specifici-
ty of the enzyme still further by chemi-
cal alteration of the active center. Their
work has shown that at least five groups
must participate in the enzyme’s proteo-
lytic activity: the metal, the two amino
acid residues to which the metal is
bound and two tyrosine residues that,
when chemically modified, produce a
change in the enzyme’s specificity.

The Task Ahead

The foregoing examples were selected
to illustrate the range and variety of
structures encountered in the search for
a chemical explanation of the function
and mechanism of proteolytic enzymes.
We have only recently determined the
linear structure of a few hydrolytic en-
zymes. We still do not know how they
are folded into three-dimensional struc-
tures, but we are by no means sure that
a three-dimensional model of the mole-
cule will tell us how it functions as an
enzyme. Scientific inquiries do not al-
ways proceed in an orderly and sys-
tematic manner, and perhaps we shall
not have to wait until the last detail of
the structure of these enzymes is known
to understand their function.

The most exciting problem is the
elucidation of the structure of the active
center. One attempts to do this by

mapping” those groups on the enzyme
molecule that are directly involved in
enzyme function. The mapping process
essentially consists of testing the effect
of chemical modification of specific
groups in abolishing or inducing en-
zyme activity. Yet there is no assurance
that the notion of an active center is a
physical reality and that an isolated
structure that reproduced the groupings
believed to constitute this site, in the
proper spatial relations, would display
full enzymatic function. Nature is sel-
dom wasteful,and there is a real possi-
bility that the entire enzyme molecule
may be necessary for it to exhibit its
full range of function.

Although much remains to be learned
about proteolytic enzymes, enough is
now known about them to enable in-
vestigators to use them to test various
hypotheses of the way all enzymes func-
tion. It would be fitting if some of the
earliest known enzymes, serving one of
the most fundamental needs of man,
should enable us to understand the
mode of action of enzymes in general.

Interpretation by William Thonson
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PROBLEM: The development
of new analytical methods in
solid mechanics to evaluate the
stress-strain behavior of fuel
elements during nuclear rocket
reactor experiments. The major
source of stress results from
thermal strains induced by

heat flux equivalent to a power
density of scores of megawatts
per cubic foot. The inelastic
and time-dependent behavior of
the materials in multiconnected
regions, their inhomogeneous
and anisotropic properties,

and time-varying microstructure
changes at very high tempera-
tures in an intense radiation
environment, inject unusual
challenge into the problem.
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in research and development
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FLUID CIRCUIT performs the operation of dividing by 10 in an
all-fluid digital computer: for every 10 input pulses circuit delivers
one output pulse. Input pulses enter from above the plane of circuit
through circular, bumplike hole attached to straight channel run-
ning from top to bottom just to right of center. The 10 identical
of five pairs,

logic elements, or modules, are arranged in a seri
three at left and two at right. Each pair contains two steady input
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streams (small sausage shapes), two outputs (small circular shapes
attached to short straight channels), eight control jets (small tear-
drop shapes) and eight open vents (large circular shapes). Shallow
channels were chemically etched in Dyeril plastic by a special
process, called Optiform, developed by Bowles Engineering Cor-
poration. For this photograph the channels were filled with white
paint to increase the contrast. Normally the working fluid is air.
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FLUID CONTROL DEVICES

They perform the operations of ampliﬁcation and switching

mechanically rather than electrically. For some purposes

they are more reliable than their electronic counterparts

tion” ordinarily suggests “electron-

ics.” It is on electronic devices that
we mainly rely for all sorts of ampli-
fication jobs, from the boosting of radio
signals to the control of the most mas-
sive machinery. The classic example of
the principle employed is the simple
three-element electron tube, or triode.
Any weak, fluctuating voltage applied
to the grid of the tube acts on a stream
of electrons flowing through the tube,
and the resulting modulation of the
stream serves to amplify the signal. The
tube can do more than merely amplify:
a voltage on the grid can also shut off
the electron stream or turn it on. On
this simple principle an entire tech-
nology has been built, including the
electronic computer.

Suppose that instead of a stream of
electrons one used a stream of liquid
or gas and tried to perform these opera-
tions mechanically rather than elec-
trically. In place of the grid, precisely
controlled jets of fluid directed at the
main stream from the sides would mod-
ulate or deflect the stream. Thus one
might achieve amplification or switch
the stream “on” or “off.” The idea oc-
curred to engineers many years ago, and
several patents on such devices were
issued in the 1930’s and 1940’s. No one
showed much interest in exploiting the
method, however, because it is so much
slower than electronic amplification that
its possible uses seemed very limited.

Four years ago the concept was re-
vived in a serious way. B. M. Horton,
R. E. Bowles and R. W. Warren of the
U.S. Army’s Harry Diamond Laborato-
ries and ]. R. Greenwood at the Massa-
chusetts Institute of Technology inde-
pendently made separate studies of
techniques of fluid amplification, and
they found them promising for certain
important applications, including com-

In modern usage the word “amplifica-

by Stanley W. Angrist

putation and operations in logic. Fluid
amplifiers offer some distinct advan-
tages over electronic devices. They are
simple in construction, have virtually no
moving parts, can be powered by almost
any source of energy to pump the fluid,
are immune to damage by heat or ioniz-
ing radiation (which electronic equip-
ment is not) and would be comparative-
ly inexpensive if mass-produced.

The reports by Horton, Bowles, War-
ren and Greenwood set off an almost ex-
plosive surge of new research on fluid
amplification and control. More than a
score of large companies and research
laboratories are now exploring its de-
velopment and uses. Some believe that
the fluid amplifier will be a far-reaching
innovation in technology. It is hardly
likely to match the spectacular rise of
the transistor, which within 15 years has
grown from a laboratory curiosity to a
multimillion-dollar industry, but in the
long run it may prove to be just as im-
portant.

Two different techniques of fluid con-

trol are being investigated—one quite
simple, the other more complex and
more versatile. Let us begin with the
elementary system.

Consider a solid block (of steel, plas-
tic or any other suitable material) in
which shallow channels have been cut
for passage of the fluid [see top illus-
tration on next page]. A high-energy
stream of fluid, called the power stream,
is pumped in through the inlet at one
end. The stream passes across a wid-
ened chamber (designed, for reasons we
shall consider later, to prevent the
stream from clinging to one of the chan-
nel walls) and arrives at a fork consist-
ing of two outgoing channels separated
by a pointed structure called the split-
ter. If the power stream has not been
disturbed and hits the splitter head on,
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the stream will be divided in two, half
of the fluid passing into one outlet chan-
nel and half into the other.

As the power stream enters the sys-
tem, however, it runs the gamut of two
control jets, one on each side. Let us
say that one of the jets is turned on
and this control stream hits the main
stream with a certain momentum. It will
deflect the power stream by a certain
amount, and the stream will then have
a net momentum that is the sum of the
original momenta of the power stream
and the control stream, taking direction
into account, as the geometric diagram
on page 83 shows. Given just the right
amount of nudge by the control stream,
the entire main stream will be bent in
the direction of one of the outlet chan-
nels and will pass out through that out-
put.

Obviously the output represents an
amplification of the energy applied by
the control jet, and the gain is equal to
the ratio between the power stream’s
momentum and the momentum of the
control jet. The degree of the deflec-
tion of the power jet is proportional to
the momentum of the control jet. The
system is therefore called “proportional
control.” The control jet’s “signal” can
be measured in terms of either momen-
tum or pressure, depending on the way
the apparatus is set up; if the control
nozzle is placed close to the power
stream, the main factor deflecting the
stream will be pressure rather than mo-
mentum.

The elementary setup I have de-
scribed is, of course, only a single-stage
affair. It is easy to see that it can be
expanded into a multistage system
simply by using the output stream of
one stage as the control stream for the
next [see middle illustration on next
page]. By making each successive pow-
er injection larger than the one before,
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FLUID AMPLIFIER consists of a solid block of material in which
shallow channels have been cut to allow the passage of a fluid. If
the high-energy power stream is not disturbed and hits the splitter
head on, the stream will be divided in two, half of the fluid pass-
ing into one outlet and half into the other. If either of the two
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TWO-STAGE FLUID AMPLIFIER can be constructed simply by
using the output stream of one stage as the control stream for the

AMBIENT
PRESSURE

AMBIENT
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COANDA EFFECT, named after its discoverer, Henri Coanda, is
the basis for a wide range of fluid switching devices. At left a high-
speed stream of air is injected into a wide container of air. As the
stream moves along it entrains air from both sides and becomes
broader, carrying more air toward the open end of the container.
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control jets is turned on, however (left and right), it will deflect
the power stream in the direction of the opposite outlet channel
and all of the stream will pass out through that outlet. The heart-
shaped chamber in front of the power-stream nozzle is designed
to prevent the stream from clinging to one of the channel walls.

/ POWER STREAM 2

SPLITTER

next. By making each successive power injection larger than the
one before, one can build up almost any degree of amplification.

AMBIENT
PRESSURE

LOW-
PRESSURE
R 2

-

This process causes the pressure to drop in the zones between the
stream and the walls, creating an unstable situation. Any distur-
bance or change in the shape of the container (right) will cause
the equalizing return flow of air to push the stream toward one wall,
where it will remain locked as long as the stream keeps flowing.
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one can build up almost any degree of
gain, or amplification, one wishes. That
is to say, the small nudge, or signal,
applied by a control jet in the first stage
can be amplified by successive steps to
control a very large power stream in-
deed in the final stage.

his, then, is the basic outline of

the first of the two fluid-control
techniques under study. As an instru-
ment of proportional control it performs
amplification in the usual sense of the
word, and it promises a number of in-
teresting applications, including its use
as an element in an analogue computer.
The other technique of fluid control
does not produce proportional ampli-
fication; rather, it corresponds to a tri-
ode that turns a flow of electrons on or
off. It is essentially like an element in a
digital computer.

In this system the fluid power stream,
left to itself, locks onto one wall of
the channel in which it is flowing, and
as a result the stream exits through
the outlet on that side. An injection of
fluid from the control jet on the same
side will cause the stream to swing over
to the other side and lock onto the wall
there, so that it then flows out of the
other outlet. In either case the stream
maintains a stable position, flowing
only to a particular outlet unless it is
switched by a control jet. The reasons
for this are inherent in the mechanics of
the situation.

Consider a high-speed stream of air
injected through a nozzle into a wide
container of air. (I call the fluid air
to make the example specific; the re-
sults to be described would apply to
any gas or liquid.) As the stream moves
along it will entrain air from both sides
and become broader, carrying more air
toward the open end of the container
[see Dbottom illustration on opposite
page]. The stream’s pickup of air along
its sides, however, causes the pressure
to drop in the zones between the stream
and the walls of the container. The re-
sulting pressure difference creates an
unstable situation: the higher pressure
of the surroundings (“ambient pressure”)
will push air back into the low-pressure
zones on both sides of the stream to
equalize the pressure.

Suppose now there is some distur-
bance or asymmetry (say in the shape
of the container) that causes the equal-
izing return flow to push the stream
toward one wall. As the zone between
the stream and that wall narrows, there
is less room for the admittance of
counterflow to replace the air being
entrained by the stream on that side

and therefore the comparative pressure
in the zone drops further. Very quick-
ly the stream moves over against the
wall. It stays locked onto that wall as
long as the stream keeps flowing, be-
cause on the wall side a region of low
pressure persists near the nozzle, where-
as on the opposite side of the stream the
ambient pressure pushes the stream to-
ward that region. The phenomenon is
known as the Coanda effect—so desig-
nated because it was first studied by a
Romanian engineer named Henri Co-
anda in the 1930’s.

Obviously the stream can be moved
away from the wall in either of two
ways: by increasing the pressure on the
stream from the wall side or by reduc-
ing the pressure on the opposite side.
This can easily be done by means of
control jets on the sides. If the stream
is locked onto the right wall, injection
of air from the right jet or removal
of air through the left jet will cause
the stream to swing away from the right
wall as soon as the pressure on the
right side becomes higher than that on
the left. Once the stream has crossed
the center line of the channel it will
go on to attach itself to the left wall
for the same reasons that it originally
locked onto the right one. The control
jet can then be shut off; the stream will
stay locked onto the left side without
help.

In the two-outlet type of device the
locking of the stream onto the right
wall means, of course, that the entire
stream exits through the right outlet,
and when it is switched to the left
wall, it goes to the left outlet. (The
Coanda effect explains, by the way,

why the proportional-control amplifier
must have the channel widened into a
heart shape near the power-stream noz-
zle; this configuration prevents the
stream from locking onto a wall.) It
has turned out that the behavior of the
stream depends a great deal on the dis-
tance of the splitter from the power-
stream nozzle. Warren of the Harry
Diamond Laboratories has investigated
this matter in detail [see illustration on
page 85].

When the splitter is very close to
the nozzle (within a distance not more
than about twice the nozzle’s width),
the stream does not lock onto either
wall, because the distance is not suf-
ficient for a significant pressure dif-
ference to develop. The stream can be
directed into one outlet or the other
by a pulse injection from a control jet,
but as soon as the control injection
stops, the stream resumes its normal be-
havior of dividing at the splitter and
flowing to both outlets.

If the splitter is located at a dis-
tance amounting to three to five noz-
zle widths from the nozzle, the stream
begins to be influenced by the Coanda
effect: in the presence of an asymmetry
most of it will flow spontaneously to
one outlet. When the splitter is six
nozzle widths or more away from the
nozzle, the Coanda effect takes full
charge. The stream will lock onto one
wall and flow only to the outlet it has
chosen spontaneously or the one to
which it is switched.

Some very interesting effects can be
produced by blocking one of the outlets,
as the illustration on page 85 shows. In
one arrangement such a block will di-

as

/

PROPORTIONAL CONTROL, the principle on which the fluid amplifiers at the top and
middle of the opposite page are based, is illustrated geometrically. The vector representing
the momentum of the control jet (light colored arrows) is added to the vector of the power
stream’s momentum (solid colored arrows) to obtain the momentum of the output stream
(black arrows). Thus the gain, or amplification, produced by the fluid system is equal to the
ratio between the power stream’s momentum and the momentum of the control jet. The
degree of deflection of the power jet is proportional to the momentum of the control jet.
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SCHLIEREN PHOTOGRAPH, made by an optical technique that detects density gradients
in a gas flow, demonstrates Coanda effect. A high-energy stream of air is locked onto the
chamber wall at right after being subjected to a short blast of air from control jet at left.

vert the stream from the outlet it natu-
rally prefers to the opposite one, but
when the block is removed the stream
will return spontaneously to the pre-
ferred outlet! Thus the device exhibits
a property that amounts to memory, and
it can be put to use for that purpose.

Of the various possible uses of fluid

control devices the most intriguing
is their application as the basis of a
digital computer. The type of device in
which the stream locks onto one wall
or the other is precisely suited for func-
tioning as an all-around element for
such a computer. It gives a binary
digital response: the stream can be
directed to either of two exit ports,
one representing 0, the other represent-
ing 1. It can be shifted back and forth
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from one port to another like a flip-flop
switch. Indeed, it can even serve as
an oscillator. This can be accomplished
by connecting the control jets on the
opposite sides of the main stream by a
tube that will transmit sound. When the
main stream flops from one side to the
other, it generates sound waves—a com-
pression wave on one side of the stream
and a rarefaction wave on the other.
If the sonic path through the tube con-
necting the two sides has a length that
is about half the wavelength of the full
sound wave, the compression and rare-
faction waves, traveling through the
tube in opposite directions, will cross to
the opposite sides in the same time.
This change in pressure at the respec-
tive sides (from compression to rarefac-
tion on one side and from rarefaction to
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compression on the other) is sufficient
to switch the main stream from one wall
to the other. The stream will oscillate
back and forth as the sound waves trav-
el back and forth.

The fluid device can also be designed
to act as a logical gate expressing the
concept “and” or “or.” For the “and”
gate the jets are so arranged that jet
A alone will go to one output, jet B
alone will go to a different output and
the two jets combined will go to a third
output that signifies A “and” B [see
top illustration on page 86]. For the
“or” gate there are two jets, A and B,
on one side of the main stream; either
jet A or jet B, on being activated, will
cause the main stream to go to a certain
exit port [see middle illustration on page
86].

The fluid-control concept lends itself
to a great variety of arrangements. The
device can be designed, for example,
to reset itself, with the main stream
always returning to a given exit port
in the absence of a deflecting pulse;
this can be achieved simply by placing
the main-stream nozzle closer to the
right wall, say, than to the left wall. By
building a network of channels of vary-
ing cross section and with varying con-
trols it is possible to create a system
that will carry out a series of different
operations. And the characteristics of
the system can be varied by using vari-
ous fluids. In most of the computational
elements constructed so far the working
fluid is air, because it is so readily avail-
able and easy to handle.

Let us look now at a couple of spe-
cific applications of fluid control on
which considerable research has been
done. One is the steering of rockets in
flight. This is managed at present by the
use of devices such as jet vanes and
swiveled nozzles through which pulses
of exhaust are discharged to apply small
thrusts correcting the trajectory of the
rocket. These devices are far from ideal,
because it takes a great deal of force
to operate them, their response to com-
mands is fairly slow and they involve
moving parts that are subject to being
put out of action by the hot exhaust
streams. A fluid-control system now
under study would avoid those diffi-
culties. The control would be applied
to the main exhaust stream itself, that
is, the thrust that drives the rocket. A
small power stream would be bled from
the main exhaust, and this small stream
would be used to deflect the main
stream when necessary to change the
direction of the rocket [see bottom illus-
tration on page 86]. The small stream



would be controlled by a pair of jets;
when the right jet was turned on, it
would turn the stream so that it struck
the main exhaust from the side, thereby
changing the direction of the driving
thrust slightly with a resulting change
in the trajectory of the rocket’s flight.
The idea has been tested in a small
land vehicle powered by a turbine en-
gine. By means of a five-stage propor-
tional amplifier weighing less than 10

pounds, an extremely small fluid signal
amounting to a flow of less than five
thousandths of a pound per minute con-
trolled a jet of 33 pounds per minute
that was used to deflect the power
stream driving the vehicle.

The other application I want to de-

scribe is an artificial heart pump de-
veloped jointly by workers at the Harry
Diamond Laboratories and the Walter

Reed Army Institute of Research. This
device uses a fluid amplifier of the wall-
locking type with air as the working
fluid. The stream of high-velocity air
emerging from the power nozzle locks
onto one wall and then flows on to a
chamber containing an artificial ventri-
cle that is made of a flexible plastic and
is filled with blood [see illustration on
page 88]. The rising air pressure in the
chamber squeezes the ventricle and
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DISTANCE OF SPLITTER from power-stream nozzle in the stan-
dard, two-outlet type of fluid switching device has an important
effect on the behavior of the stream. When the splitter is very
close to the nozzle (top row), the stream does not lock sponta-
neously onto either wall. The stream can be directed into one outlet
or the other by a pulse injection from a control jet, but as soon
as the control injection stops, the stream resumes its normal
behavior of dividing at the splitter and flowing into both outlets.
If the splitter is located at a distance amounting to three to five

Y

nozzle widths from the nozzle (second row from top), most of the
stream will begin to flow spontaneously to one outlet. When the
splitter is six nozzle widths or more away from the nozzle (bottom
two rows), the stream will lock onto one wall and flow only to the
outlet it has chosen spontaneously or the one to which it is switched.
By blocking one of the outlets (second column from right) one
can divert the stream from the outlet it naturally prefers to the
opposite one, but when the block is removed (column at extreme
right), stream will return spontaneously to preferred outlet.
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OUTPUT 1

JET B

JET A

LOGICAL “AND” GATE can be built using fluid-control compo-
nents. Jets are so arranged that jet 4 alone will go to one output

OUTPUT 1

)

JET A

POWER STREAM

LOGICAL “OR” GATE contains two control jets, 4 and B, on
one side of the main power stream. With neither jet on, the stream

SPLITTER

ROCKET CAN BE STEERED by the fluid control device depicted
here. A small power stream is bled from the main rocket exhaust
and used to deflect the main stream when necessary to change the
direction of the rocket. The power stream is controlled by a pair
of jets. When one jet is on (left), the stream simply adds to the
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OUTPUT 3

OUTPUT 2
JET B

JET A

(left), jet B will go to a different output (middle) and two jets
combined will go to a third output (right) that signifies 4 “and” B.

OUTPUT 2

OUTPUT 2

JET B

will go to one output (left). Either jet 4 or jet B, on being acti-
vated, will cause the stream to go to other output (middle and right).

main driving thrust of the rocket. When the other jet is on (right),
it switches the stream so that it strikes the main exhaust from the
side, thereby changing the direction of the driving thrust and hence
the trajectory of the rocket’s flight. Fluid system appears to be
more efficient and reliable than other systems currently in use.
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thus forces blood through a valve into
the circulatory system of the patient. In
effect it acts like the systolic contraction
of the heart.

After the ventricle has contracted to
a certain volume, the air pressure in the
chamber opens a port through which
the air then escapes and returns to the
place where the power stream is flowing
toward the splitter. Hitting the power
stream from the side, the returning air
causes the stream to switch from the
original channel to the opposite chan-
nel. This results in a pressure drop in
the chamber containing the ventricle;
the ventricle therefore begins to expand
under the weight of blood that is now
able to flow in by gravity through an in-
let valve at the top. Meanwhile a con-
trol valve on the other side of the main
stream in the amplifier is feeding in a
certain amount of airflow to prevent the
pressure from falling too low. By the
time the ventricle has expanded to its
full volume this valve admits a flow of
air sufficient to switch the main stream
back to the original channel, and so the
cycle begins again.

The valve admitting air from the
side is, of course, the device that con-
trols the duration of the heart pulse.
Another valve in the channel on the
same side of the splitter controls the
rate of the pulse, and the valve that ad-
mits the main stream controls the ampli-
tude of the systolic beat. All these con-
trols are adjusted beforehand so that
the pump supplies blood at the rate and
in the amount the patient requires.

The models built so far are capable
of producing blood pressures of up to
about 500 millimeters of mercury and
blood flows of up to 10 liters per min-
ute. They can maintain pulse rates with-
in a wide range, from as low as 30 to
as high as 180 counts per minute. They
have proved to be able to adjust their
output automatically to changes in the
patient’s blood-vessel resistance to blood
flow. Apparently they cause less de-
struction of red blood cells than some
of the commercial artificial heart pumps
now in general use. The chief advan-
tages of the fluid-control pump are its
simple, rugged construction, its com-
pactness (it is a small box only a few
inches long and weighing only 10
pounds) and its low cost.

r[‘he fluid-control concept is only in

its infancy—still in the research stage
with little practical use made of it so
far. One of the problems that must be
solved is that of miniaturization of the
fluid element so that it will compare
in compactness with an electronic or a
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Whether you make gears or locomotives, users will resort to
their own unique expletives if your product makes excessive noise.
Advanced styling or fancy packaging won'’t help you, but an effective
product noise reduction program will.

How do you plan such a program? You begin by seeking the cause —
by measuring with accurate sound and vibration instruments. You may
even have to dissect the noise into its separate frequency elements in
orderto analyze its components effectively.

General Radio’s complete line of noise-measuring
equipment provides the means by which you can
obtain the necessary answers. We have instruments /
for measuring high-, medium-, or low-level sounds;
sound and vibration analyzers for either wide-
or narrow-band analysis (octave, 1/3-octave,
1/10-octave, constant-percentage, or fixed-
bandwidth); impact-noise analyzers; vibration
meters for measuring the displacement, velocity,
acceleration, and jerk of vibratory forces; data
recorders for collecting and storing dynamic
characteristics; stroboscopes for visual obser- |
vation of vibrating objects; calibrators for main- §
taining instrument accuracy; and many acces-
sories to extend the versatility of measuring
systems.

Write today for complete information and find
out how you can use GR noise and vibration in-
struments to design and build quieter products.

GENERAL RADIO COMPANY

Instruments and Standards for Science & Industry
WEST CONCORD, MASSACHUSETTS

87

© 1964 SCIENTIFIC AMERICAN, INC
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ARTIFICIAL HEART PUMP uses a fluid amplifier of the wall-locking type with air as
the working fluid. The power stream of high-velocity air locks onto one wall and then
flows on to a chamber containing an artificial ventricle that is filled with blood (top). The
rising air pressure in the chamber squeezes the ventricle and thus forces blood through a
valve into the circulatory system of the patient. After the ventricle has contracted to a cer-
tain volume (bottom), the air pressure in the chamber opens a port through which the air
then escapes and returns to the place where the power stream is flowing toward the splitter.
Hitting the power stream from the side, the returning air causes the stream to switch to the
opposite channel. This results in a pressure drop in the chamber containing the ventricle;
the ventricle therefore begins to expand under the weight of blood that is now able to flow
in by gravity through an inlet valve at top. Meanwhile a control valve on the other side
of the main stream is feeding in a certain amount of airflow to prevent the pressure from
falling too low. By the time the ventricle has expanded to its full volume this valve admits
enough air to switch main stream back to original channel, and so the cycle begins again.
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mechanical component. The most prom-
ising technique for doing this seems to
be optical fabrication. This entails pho-
tographing the design (in this case the
pattern of channels, outlets and so on),
reducing the negative, projecting the
pattern onto a sheet of material that
is sensitive to light and then etching
away the exposed portions with chemi-
cals. By timing the duration of the treat-
ment with the solvent the channels can
be etched to precisely the desired depth.
The material may be a plate of sensi-
tized glass; after the photographic ex-
posure, treatment of the glass with
heat will transform the exposed parts
of the glass into a crystalline phase
that is about 20 times more soluble in
dilute hydrofluoric acid than the un-
altered glass. There are other materials
besides glass that lend themselves to
similar optical sensitization and chemi-
cal machining.

How reliable are fluid amplifiers com-
pared with their electronic counter-
parts® A number of comparative tests
have been made under various condi-
tions. In the range of what may be
called ordinary temperatures—between
150 degrees and minus 50 degrees cen-
tigrade—electronic amplifiers give a
more reliable performance. But at high-
er or lower temperatures the fluid de-
vice is more reliable; for example, at
250 degrees C. or minus 150 degrees C.
its reliability is five times greater than
that of an electronic device. When they
are compared in various environments
of ionizing radiation, the story is much
the same: the electronic systems are
more reliable at ordinary radiation
levels but the fluid systems surpass
them under exposure to high radiation
levels, such as in or near a nuclear re-
actor. The fluid systems also stand up
much better under vibration—an im-
portant factor in a rocket, where the
guidance system is subjected to the
severe vibration accompanying the rock-
et’s takeoff and acceleration. Strong vi-
bration tends to weaken the solder joints
and other connections of an electrical
system; it has little or no effect on a
fluid amplifier. One test model has come
through 3,500 million cycles of high-
speed vibration at 260 cycles per sec-
ond without any detectable impairment
of its performance.

Research is going forward toward
three main goals: (1) understanding the
basic processes that underlie the opera-
tion of fluid amplifiers, (2) developing
methods of producing them in compact
size and in quantity at low cost and
(3) finding the applications for which
they will be most suitable.
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THE HOPEWELL CULT

A 1,500-year-old rubbish heap unearthed in southern Ohio holds

the answers to some key questions about the ancient Indians who

lived there and built huge funeral mounds filled with offerings

s Europeans explored North Amer-
A ica, they found that many of the
continent’s river valleys were
dotted with ancient earthworks. Scat-
tered from western New York to North
Dakota and south to Louisiana and the
Florida Keys were uncounted thousands
of burial mounds, temple mounds, hill-
top ramparts surrounded by ditches,
and earthen walls enclosing scores of
acres. Some Colonial scholars were so
impressed by these works that they
thought they must have been built by
an unknown civilized people that had
been exterminated by the savage In-
dians. In due course it became clear that
the earthworks had been put up by the
Indians’ own ancestors, and that they
belonged not to one culture but to a
series of separate cultural traditions
spanning a period of 3,000 years.
Perhaps the most striking assemblage
of these works is located in southern
Ohio in the valleys of the Muskingum,
Scioto and Miami rivers. It consists of
clusters of large mounds surrounded
by earthworks laid out in elaborate geo-
metric patterns. As early as 1786 one
such group of mounds at the confluence
of the Muskingum and the Ohio (the
present site of Marietta, Ohio) was exca-
vated; it was found to be rich in graves
and mortuary offerings. It was not until
the 1890’s, however, that the contents
of the Ohio mounds attracted public at-
tention. At that time many of them were
excavated to provide an anthropological
exhibit for the Chicago world’s fair of
1893. One of the richest sites was on
the farm of M. C. Hopewell, and the
name Hopewell has been assigned to
this particular type of mortuary com-
plex ever since.
More recent excavations have shown
that the Hopewell complex extends far
beyond southern Ohio. Hopewell re-
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mains are found in Michigan and Wis-
consin and throughout the Mississippi
valley; there are Hopewell sites in Il-
linois that are probably older than any
in Ohio. Typical Hopewell artifacts
have been unearthed as far west as
Minnesota and as far south as Florida.
The mounds of southern Ohio are none-
theless the most numerous and the
richest in mortuary offerings.

Thanks to carbon-14 dating it is
known that the Hopewell complex first
materialized in southern Ohio about
100 B.c. and that the last elaborate
valley earthwork was constructed about
A.D. 550. Until recently, however, there
were other questions to which only con-
jectural answers could be given. Among
them were the following: In what kinds
of settlements did the people of south-
ern Ohio live during this period? Where
were their habitations located? On what
foundation did their economy rest? An-
swers to these questions can now be
given, but first it is necessary to say ex-
actly what the Hopewell complex is.

\\'/hat is known about the Hopewell

complex of Ohio has been learned
almost exclusively from the nature and
contents of burial mounds. In many
places these structures are found in
groups enclosed by earthworks linked in
a pattern of squares, circles, octagons
and parallel lines [see top illustration on
page 92]. The dimensions of some of the
enclosures are immense: the largest
known Hopewell earthworks in Ohio—
the Newark Works in Licking County—
covered four square miles. Many of the
burial mounds are also large: the central
mounds on the Hopewell farm and at
the Seip and Harness sites, all of which
are in Ross County, range from 160 to
470 feet in length and from 20 to 32
feet in height. Within the mounds are
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the remains of numerous human bodies,
some of them alone and some in groups.
If the bodies were simply interred, they
rest on earthen platforms surrounded
by log cribs; if they were cremated, the
bones are found in shallow basins of
baked earth.

The sequence of events in the con-
struction of a major mound seems to
have been as follows. Bare ground was
first covered with a layer of sand; then
a large wooden structure was raised on
this prepared floor. Some of the struc-
tures were so extensive that it is doubt-
ful that they had roofs; they were
probably stockades open to the sky. In-
dividual graves were prepared inside
these enclosures; in many cases the
burials were covered with low mounds
of earth. When the enclosure was filled
with graves, the wooden structure was
set afire and burned to the ground.
Then the entire burial area was covered
with layer on layer of earth and stone,
forming the final large mound.

The quantity and quality of the grave
goods accompanying the burials in-
dicate that the people of the period
devoted a great deal of time and ef-
fort to making these articles. A marked
preference for exotic raw materials is
evident. Mica, frequently cut into geo-
metric or animate shapes, was imported
from the mountains of Virginia, North
Carolina and Alabama [see illustration
on opposite page]. Conch shells, used as
ceremonial cups, came from the Gulf

SILHOUETTED HAND made from a sheet
of mica (opposite page) is typical of the
elaborate grave offerings found at the Hope-
well site near Chillicothe, Ohio. Human, an-
imal and geometric figures of mica are char-
acteristic Hopewell funerary goods; they
are particularly abundant in southern Ohio.
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OCTAGON AND CIRCLE in this aerial photograph are a portion
of the earthworks marking the most extensive known Hopewell
construction: the site at Newark, Ohio. Most of the four-square-mile

array (see original plan below) has now been obliterated by modern
building. Only these figures (now part of a golf course) and an-
other circle (used for years as a fairground) have been preserved.

¥

LONG AVENUES bounded by parallel earthen walls constitute
the major parts of the Newark site. When first surveyed, the longest
parallels (top) extended from the paired figures shown in the
photograph at top of page to the Licking River, two and a half miles

distant. Both circles are quite precise: the fairground circle (cen-
ter) diverges at most 13 feet from a mean diameter of 1,175 feet, and
the golf course circle only 4.5 feet from a mean diameter of 1,045
feet. The Newark site has never been systematically excavated.
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Coast. Obsidian, exquisitely flaked into
large ritual knives, was obtained either
from what is now the U.S. Southwest or
from the Yellowstone region of the
Rocky Mountains. The canine teeth of
grizzly bears, frequently inlaid with
freshwater pearls, may also have been
imported from the Rockies. Copper, art-
fully hammered into heavy ax blades
and into ornaments such as ear spools,
breastplates and geometric or animate
silhouettes, was obtained from the upper
Great Lakes.

Even in their choice of local raw
materials the Hopewell craftsmen of
Ohio favored the precious and the un-
usual. Much of their work in stone
utilized the colorful varieties of flint
available in the Flint Ridge deposits
of Licking County. The freshwater
pearls came from the shellfish of local
rivers, and they were literally heaped
into some of the burials. The tombs of
the Hopewell site contained an esti-
mated 100,000 pearls; a single deposit
at the Turner site in Hamilton County
has yielded more than 48,000.

Other typical Hopewell grave furnish-
ings are “platform” pipes [see lower
illustration on page 98], elaborately en-
graved bones of animals and men, clay
figurines and highly distinctive kinds of
decorated pottery. Projectile points of
flint show characteristic forms; the flint-
workers also struck delicate parallel-
sided blades from prepared “cores.”

For the most part these characteristic

objects of the Hopewell complex are
the same wherever they are found. In
spite of this fact the Hopewell complex
cannot be classed as a “culture” in the
anthropological sense of the word, that
is, as a distinct society together with its
attendant material and spiritual mani-
festations. On the contrary, the Hope-
well complex was only one segment of
the cultural totality in each area where
it is encountered. A reconstruction of
life in eastern North America from 500
B.C. to A.D. 900 reveals the existence of
distinct cultural traditions in separate
regions, each rooted in its own past.
During the Hopewell phase each of
these regional traditions was indepen-
dently influenced by the new and dy-
namic religious complex. The new fu-
neral customs did not, however, take the
place of the local culture; they were
simply grafted onto it. Although the
word “cult” has some unfortunate con-
notations in common usage, it is more
appropriate to speak of a Hopewell cult
than of a Hopewell culture.

The exact religious concepts that
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EARTHWORKS characteristic of the burial cult are found throughout eastern North Amer-
ica. Major Hopewell centers, from the Gulf Coast to the Great Lakes, are named on the map.
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SOUTHERN OHIO is the locale of the most abundant and richest Hopewell sites. The ma-
jority are found along the Miami, Scioto and Muskingum rivers and range in date from 100
B.C. to A.n. 550. After that no more lowland centers were built; instead hilltops were fortified
(colored dots locate three major examples). The McGraw site was excavated by the author.
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SEQUENCE OF CULTURES in southern Ohio during the rise and decline of the Hopewell
funeral complex indicates that a local tradition of Woodland culture, called Scioto, was
present in the area before the Hopewell cult appeared and continued both during and after
it. The earliest of the Woodland culture periods began about 1200 B.c. in southern Ohio.
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IDENTITY OF FARMSTEAD discovered at the McGraw site as the residence of Indians
who participated in the burial cult is proved by the presence of characteristic Hopewell tools
and ceremonial objects. The fine, parallel-sided flint blade is typically Hopewell, as is the
“Snyders” projectile point. The bear canine and the pottery are standard burial finds.

94

© 1964 SCIENTIFIC AMERICAN, INC

permitted the successful diffusion of the
Hopewell cult necessarily remain un-
known. Curiously enough, however, the
cult’s consumption of exotic materials
for grave goods may have provided a
mechanism for its diffusion. Procure-
ment of raw materials entailed an ex-
change system of almost continental
proportions; many widely separated
areas in North America must have been
brought into contact as their natural re-
sources were tapped by practitioners of
the Hopewell rites.

Students of the Hopewell remains in
southern Ohio have been disturbed for
more than a century by the lack of evi-
dence for any habitation sites linked to
the great funerary centers. In other
Hopewell areas, notably Illinois, large
villages are clearly associated with the
local ceremonial sites. Years of patient
fieldwork in Ohio had failed to produce
anything that could legitimately be
called a settlement. The extensive en-
closures and their associated clusters of
burial mounds contain no evidence of
habitation to speak of. The little that
has been found seems to mark brief
squatters’ tenancies, probably associated
with the construction of the final
mounds or with ceremonies that may
have been performed from time to time.
Clearly the nature of Hopewell society
and its settlement patterns in Ohio
were markedly different from those in
Illinois.

Still another puzzle was the fact that
remains of corn have been found at
only two Ohio Hopewell sites—Harness
and Turner—and in both cases under
doubtful circumstances. It was there-
fore supposed that the Hopewell phase
in Ohio was one of simple hunting and
collecting and no agriculture. Whether
because of this supposition or because
earlier investigators were looking for
sizable villages, most of the search for
Hopewell habitation sites has been con-
fined to regions near the ceremonial
centers, leaving the rich bottomlands
along the rivers largely unexplored.

While reflecting on all these factors
in 1962 I was struck by a possible
parallel between the Ohio Hopewell
sites and the classic ceremonial sites of
certain areas in Middle America, where
the religious center remained vacant ex-
cept on ritual occasions and the popula-
tion lived in scattered hamlets sur-
rounding the center. To apply such an
assumption to the Ohio Hopewell com-
plex meant granting the people agricul-
ture; it meant, furthermore, that the
bottomlands were the very zones in
which to look for small farming commu-



MEMORY WITH HOLES. A piece of manganese-magnesium ferrite 1/32nd of
an inch thick is the building block for the “temporary” memory used in the Bell
System’s new Electronic Switching System now being produced by Western
Electric. One inch square, it is perforated with 256 holes; a single conductor
path, placed directly on the ferrite, passes through the holes. This reduces
to three the number of wires that must be threaded through each hole, instead
of the four required by a more conventional memory design using ferrite
toroids. Stacking the ferrite plates in a supporting frame further simplifies
threading, and the use of long, continuous wires eliminates many solder
connections. Result: greater reliability, lower cost—the usual result of collab-
oration between Western Electric and Bell Labs, our Bell System teammate.

Western Electric

Manufacturing & Supply Unit of the Bell System
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nities. Survey work along the floodplain
of the middle and lower Scioto River
during the past two years has amply
demonstrated the validity of this as-
sumption. Our survey teams from the
Case Institute of Technology have
turned up 37 small sites—the largest of
them little more than 100 feet in diam-
eter—marked by thinly scattered objects
on the surface. These objects include

sherds of cord-marked pottery, chips of
flint, fragments of shell and bone and,
most important, the fine, parallel-edged
bladelets that are among the charac-
teristic artifacts of the Hopewell com-
plex.

It is certain that many such habita-
tion sites are now lost forever under
the accumulated silt of river flood-

plains and that others have been de-

BIRD EFFIGY from Mound City combines cutout and repoussé techniques in copper work.
The metal was imported from outcroppings at Isle Royale in Lake Superior. Hopewell fu-
neral offerings of copper include rings, ear spools, breastplates and headdresses, many
geometric forms, copper-plated wooden objects and large ax blades, evidently cold-forged.

SNAKE EFFIGY from the Turner site is a foot-wide mica silhouette cut from a sheet im-
ported from Virginia or North Carolina. Some Ohio burials were literallyblanketed by mica.
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stroyed by river meandering. A perfect
example of flood burial in the making is
provided by the McGraw site, which is
located on bottomland near an ancient
meander of the Scioto River two miles
south of Chillicothe. Alva McGraw, the
owner of the land, brought the site to
our attention in 1962. Surface indica-
tions were scanty; over an area 10 feet
square we found only a few potsherds,
some shell fragments, bits of flint and
fire-cracked rocks. The site was on a
nearly imperceptible rise of land, the
remnant of a knoll that had been almost
covered by river silts.

Under ordinary circumstances no ar-

chaeologist would have been at-
tracted by such an impoverished find.
It happened, however, that this site and
similar ones on the McGraw farm were
soon to be destroyed by road construc-
tion. We therefore decided without
much enthusiasm to sound the area
with a modest trench. Where the trench
cut into the ancient knoll we found no
remains at depths lower than the plow
zone: eight inches below the surface. But
where the trench extended beyond the
knoll, proceeding down its slope to the
adjacent silt-covered low ground, we
struck a dense deposit of residential
debris, evidently the refuse heap of an
ancient farmstead.

This deposit, a foot thick and 95 by
140 feet in extent, was packed with
material. There were more than 10,000
pottery fragments, some 6,000 animal
bones, nearly 2,000 identifiable mol-
lusk shells, abundant remains of wild
plants and both an ear and individual
kernels of corn. In fact, this single
rubbish heap contained enough material
to answer the questions posed at the
beginning of this article.

First, in spite of the pattern of or-
ganized village life associated with the
Hopewell cult 400 miles to the west in
Ilinois, the people of southern Ohio
lived in small, scattered farm dwellings.
This does not mean that the population
was sparse; indeed, the size and com-
plexity of the ceremonial earthworks
in Ohio imply ample manpower. The
significant fact is that the two groups
shared a religion but lived quite dif-
ferent secular lives. In seeking paral-
lels for this phenomenon one turns to
the early, expansionist days of Christi-
anity or of Islam, when a religion was
shared by peoples with sharply con-
trasting cultures.

Second, the Ohio Hopewell people
built their dwellings not near ceremonial
centers but on the floodplains of the
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A lot of good watches are shockproof
these days.

And anti-magnetic.

And waterproof.

Not to mention self-winding.

And even electric.

Ask any of these watchmakers if they
will guarantee accuracy.

And, of course, put in writing what
they mean by accuracy.

They won’t. They can'’t.

Did you know that a watch can go off
as much as 15 seconds a day in an observ-
atory and still be called a chronometer?

We think 15 seconds a day is horrible.

We guarantee monthly accuracy with-
in 60 seconds*—which averages out to
about 2 seconds a day.

All of which may be why the Govern-
ment uses it in satellites. And has issued
it to all X-15 pilots.

We are also shock-resistant. And anti-
magnetic. And waterproof.t And even
electronic, which is very respectable
these days.

We are also reasonable. $125 plus tax.

Accutron by Bulova. 1.3 Model ‘214’ $125 plus tax. Other styles avaitable. *Your Accutron jeweler will adjust timekeeping to this tolerance, if necessary. Guarantee is for
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HUMAN FIGURES representing a kneeling man and a standing woman are modeled in ter-
ra-cotta. Unearthed at the Turner site, they were ritually broken, or “killed,” before burial.

PLATFORM PIPE from the Mound City site has a bowl carved to represent a toad. Pipes

showing birds, fishes, mammals and human figures were also made for Hopewell burials.

rivers, presumably because the bottom-
land was most suitable for agriculture.
As for their economy in general, they
raised corn, but a substantial part of
their food came from hunting, fishing
and collecting. Analysis of the animal
bones in the McGraw deposit shows that
the commonest source of meat was the
white-tailed deer. Other game animals
that have been identified in the deposit

98

are the cottontail rabbit and the turkey.
River produce was of equal or perhaps
greater importance for the larder; we
found the bones and shells of a variety
of turtles, the bones of nine species of
fish and the shells of 25 species of mol-
lusk.

Among the wild-plant foods these
people collected were nuts: the deposit
contained charred remains of hickory
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nuts, walnuts and acorns. Other wild
plants that have been identified are
the hackberry and the wild plum. Ap-
parently corn was the only plant the
people cultivated, but the remains make
it clear that their knowledge of corn-
raising had not been recently acquired.
The charred ear of corn from the
McGraw site, still bearing a number of
kernels, is of a 12-row variety. It ap-
pears to be of a type intermediate be-
tween the northern flint corn grown in
Ohio in late pre-European times and the
ancient flint corns and popcorns known
from elsewhere in the Western Hemi-
sphere. One of the isolated kernels from
the deposit has been identified as be-
longing to an eight-row or 10-row vari-
ety of corn; it possibly represents a full-
fledged, although small, member of the
northern flint type. These relatively
advanced types of corn imply a long
period of agricultural activity before
the site was first occupied.

he date of the McGraw site’s occu-

pation can be estimated both from
the style of its artifacts and from carbon-
14 determinations; it is roughly a.p.
450. The bulk of the artifacts could
have come from any pre-Hopewell site
in Ohio; for example, less than 4 per-
cent of the pottery fragments found in
the deposit are characteristic of the
Hopewell complex. This reinforces the
point made earlier: Whenever the influ-
ences of the Hopewell cult appear, they
are imposed on an already existing cul-
ture that for the most part continues in
its own ways.

The McGraw site is nevertheless
clearly identified as belonging to the
Hopewell complex not only by the few
Hopewell potsherds but also by other
characteristic Hopewell artifacts. Paral-
lel-sided flint bladelets were found in
large numbers, and the bulk of the pro-
jectile points were of the classic Hope-
well type known as “Snyders,” after the
site of that name in Illinois. The inhabi-
tants of the McGraw farmstead evident-
ly included craftsmen engaged in the
production of grave goods for the Hope-
well cult: cut and uncut mica was found
in abundance. One bear tooth turned up
in the midden, with typical countersunk
perforations but without any inlay of
pearls. There were also two ornaments
made of slate that, like the bear-tooth
ornament, were unfinished. Perhaps all
these objects were discards; this would
help to explain their presence in a refuse
heap.

The McGraw site therefore casts con-
siderable light on life in southern Ohio



Seven reasons why the S-GC 3070
Is the best output printer
for small and medium sized computers

The S-C 3070 printer uses a unique
cathode ray tube to generate char-
acters. Letters, numbers and sym-
bols are formed by extruding
electron beams through selected
characters etched into a tiny
matrix within the cathode ray
tube. Characters from the tube are
projected through alensto a paper
where they create an electrostatic
image. Powdered ink adheres to
the latent electrostatic image of
the characters and is fused to the
paper using heat to form a perma-
nent copy. This electronic and
electrostatic system of printing
offers these seven advantages to
users of small and medium sized
computers:

Asynchronous —The printer starts
and stops under commands of the
computer. When the computer
doesn’t wish to fill an entire line,
the printer proceeds immediately
to the next line. Unlike the S-C
3070, synchronous printers must
delay until the entire line is filled
with characters or blank space be-
fore accepting anything more.
With the S-C 3070, therefore, you
save valuable computer time.

High speed—The printer is capa-
ble of producing 500 perfectly
formed characters per second in
lines containing up to 120 charac-
ters. If the lines are completely
filled, a minimum of 225 can be
produced in one minute. Ordinar-
ily lines are not completely filled,
resulting in an average speed of
400 lines per minute. In many
printing applications where only
a few characters are used in each
line, the rate reaches approxi-
mately 500 lines per minute.

Reliability and stability—Because
of the stability of the electronic
circuits and basic design simplic-

ity, reliable unattended operation
is provided. Mean-time-between-
failures exceeds 500 hours. In a
72-day government-run test, the
S-C 3070 was run constantly 24
hours a day, producing 164,000,-
000 bits of information, without
an error. Downtime for routine
maintenance during the test was
only 1%.

Low maintenance —There are no
critical operator adjustments to
make, no type to clog, no hammers
to readjust, etc. Over 10,000 feet
of printed copy can be produced
before minor cleaning is required.

Inputs —The S-C 3070 operates
on-line with computers or accepts
cards, punched paper tape or in-
formation from communications
terminals. Interface equipment is
available to match the unit to the
output of virtually any data
source. Typical of the small or
medium-sized computers with
which it may be used arethe IBM
1620, Univac M1218 and Bur-
roughs D825.
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Low cost—The basic S-C 3070
printer is priced at less than many
other computerprintersthatdonot
offer all these features. The basic
printerisavailableatalowmonthly
lease price of $695,including serv-
ice in major metropolitan areas.

Non-impact printing—The elec-
trostatic printing process results
in copy that is highly legible and
produces very little noise. Under
normal office ambient noise condi-
tions, non-impact printing is so
silent it is difficult to tell when the
printer is running. Quiet opera-
tion creates an improved working
environment. The printed copy
may be stored on rolls or cut and
stacked in sheets.

Write for information—For ad-
ditional information on the S-C
3070, write to Department E-56,
Stromberg-Carlson, P.O. Box 127,
San Diego, California 92112.

STROMBERG-CARLSON
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CEREMONIAL BLADES unearthed at the Hopewell site are of obsidian, probably from
the Yellowstone area of the Rocky Mountains. The largest (center) is 13 inches in length.

during the latter days of the Hopewell
phase. Skilled hunters and food-collec-
tors, gifted artisans in a wide range of
materials, the people who manufac-
tured the rich grave goods for the ritual
burials lived in small scattered farm-
steads on the river bottoms.

But were the people who made the
grave goods the same as those who
were buried in the great Hopewell
mounds? Curiously this appears to be
unlikely, at least in southern Ohio. To
explain why, it is necessary to sketch
what is known about the rise and de-
cline of the Hopewell complex against

=3 =

the general background of the various
prehistoric cultures in eastern North
America.

f the four successive major culture

stages in this part of the New
World—Paleo-Indian, Archaic, Wood-
land and Mississippian—only the third is
involved here. In southern Ohio the
Woodland stage begins about 1200 B.c.
and ends shortly before the arrival of the
Europeans. In the entire eastern part of
North America, southern Ohio included,
the Woodland stage is divided into Ear-
ly, Middle and Late periods.

. —'-.'...,..--' !
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MYTHICAL BEAST with four horns and feet with five talons decorates the surface of a nar-
row stone object 10 inches long. It was found at the Turner site. Its purpose is unknown.

100

© 1964 SCIENTIFIC AMERICAN, INC

In southern Ohio the people of the
Early Woodland period were mound
builders long before the Hopewell cult
arose. They belonged to the Adena cul-
ture (which takes its name from a mound
site near Chillicothe). The remains of
the Adena people show that they were
roundheaded rather than longheaded.
They lived without contact with the
Hopewell cult until about 100 B.c.; at
that time, according to carbon-14 deter-
minations, the Tremper mound of Scioto
County was raised. This mound con-
tained some 300 crematory burials.
Many of the grave offerings are typical
of the Adena culture, but some of them
show Hopewell influences.

As skulls from later burials indicate,
the arrival of the Hopewell cult in Ohio
(presumably from Illinois) was accom-
panied by the arrival of a new popula-
tion; these people were longheaded
rather than roundheaded. How many
immigrants arrived is an open question.
The total number of individuals found
in Ohio Hopewell mounds—an estimated
1,000—can represent only a fraction of
the population of this region during the
Middle Woodland period. It seems prob-
able that most of the local inhabitants
were the roundheaded Adena folk,
many of whom may well have continued
to live typical Adena lives untroubled
by the neighboring Hopewell cultists.
The fact that numerous Adena mounds
continued to be built during Hopewell
times is strong evidence for this.

To judge from their production of
Hopewell ceremonial objects, the resi-
dents of the McGraw site would not
have been undisturbed Adena folk. It is
equally unlikely that they were immi-
grants from Illinois. It seems more prob-
able that the immigrants were a privi-
leged minority who in some way had
come to dominate some of Ohio’s Adena
people, among whom were the farmers
of the McGraw site.

\ /hy did the Hopewell complex ulti-
mately disappear? It may be that
one part of the answer is plain to see.
From their first arrival in southern Ohio
until A.p. 550 these cultists evidently
not only felt secure in themselves but
also appear to have taken no steps to
guard from raiders the treasures buried
with their dead. After that time, how-
ever, no more ceremonial centers were
built in open valleys. Instead it seems
that every inaccessible hilltop in south-
ern Ohio was suddenly crowned by
earthworks that appear to have served
a defensive function.
This does not mean that such sites as



Glowing idea
for licking sticky
sorting problems

SYLVANIA DOES
EXOTIC THINGS WITH
EXOTIC MATERIALS

Our new phosphors used for stamps won’t help you find letters in the dark. But they do throw light on a new way
to handle mail faster. he United States Post Office Department had a need for a special kind of phosphor as
fine as confectioner’s sugar, yet able to luminesce brightly under ultraviolet. (Reduction of particle size generally
dulls the glow.) Sylvania was able to successfully meet both requirements. # What is the purpose? To speed the
processing of mail. Airmail stamps, now being tested, are coated with a red-glowing phosphor solution. Letters with
these stamps are then passed through special electronic equipment—and these machines are able to read the
color of the bright glow and sort the mail, automatically! # Sorting is only one job our phosphors can do. They
can identify documents to fight counterfeiting, illuminate safety and marking devices, ‘“code” pills and capsules—
can be used in plastics to make objects glow without electricity. @ How did we get to be experts in phosphors?
Through years of solid experience and leadership, starting with phosphors for lamps and cathode-ray tubes. Sylvania
is also a leader in tungsten and molybdenum, special chemicals, and semiconductor materials. We're hard at work

on many advanced developments in all of these important
areas. We offer our participation in your product develop-
ments. Chemical & Metallurgical Division, Sylvania Elec-
tric Products Inc., Towanda, Pennsylvania.
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MULTIREMANENCE

Drawing upon an ever-expanding knowledge of ferroelectrics, scientists
at Sandia are developing a promising new approach to information
storage and handling. Investigations thus far clearly indicate the feas-
ibility of multiremmanence, decimal memory elements. Various configura-
tions have been tested, each showing continuous nondestructive readout
capability, high stability and excellent switching characteristics. Tiny
discs, each capable of storing a ten-digit number, are presently being
considered. Even greater capacity may be forthcoming with continued
material refinements. Such elements combine the advantages of small
size, great capacity and low energy requirements with a simplification of
associated logic circuitry and the natural insensitivity of ferroelectrics
to high energy radiation and other space-age environments.

Sandia scientists and engineers do related work in many diversified fields
including: aerothermodynamics; polymers; plastics and foams; solid state
physics; human factors engineering; and aerospace nuclear safety.

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

Sandia recruits on many major campuses and is primarily interested in
recent and current outstanding graduates in many of the engineering
and scientific disciplines at all degree levels. Consideration of applicants
is based solely on qualifications and without regard to race, creed, color
or national origin. U.S. citizenship is, however, required. For current
opportunities, contact the Sandia recruiter at your college or write Pro-
fessional Employment Organization 3151, Ref. 569-2, Sandia Corpora-
tion, Box 5800, Albuquerque, New Mexico, 87115.

OANDIA cvonre

ALBUQUERQUE, NEW MEXICO / LIVERMORE, CALIFORNIA
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Fort Hill, Fort Ancient and Fort Miami
were permanently inhabited strong-
holds. Quite the contrary; at Fort Hill,
for example, a survey of the land sur-
rounding the foot of the hill has revealed
several small farmsteads resembling the
McGraw site. It is probable that the
hilltop earthworks were places of ref-
uge that were occupied only in time of
danger. That there were such times is
demonstrated by the evidence of fires
and massacres at the Fort Hill, Fort
Ancient and Fort Miami sites.

What was the nature of the danger?
As yet there is no answer, but it is in-
teresting to note that at about this same
time the Indian population in more
northerly areas first began to protect
their villages with stockades. Unrest of
some kind appears to have been afoot
throughout eastern North America.

This being the case, it is not hard to
envision the doom of the Hopewell cult.
Whatever its basic religious tenets, the
tangible elements of the ceremony were
the celebrated grave goods, and the
most notable of the goods were pro-
duced from imported raw materials. The

| :
grave goods were of course cherished

for their part in the religious scheme;
could the scheme itself be kept alive
when the goods were no longer avail-
able? I suggest that the Hopewell cult
could survive only as long as its trade
network remained intact and, further,
that the postulated current of unrest in
eastern North America during the sev-
enth and eighth centuries A.p. was suffi-
cient to disrupt that network.

Whether or not this caused the col-
lapse of the Hopewell cult, there is no
question that it did collapse. By the be-
ginning of the Late Woodland period,
about A.p. 750, elaborate burial mounds
containing rich funeral offerings were no
longer built. For the very reason that
Hopewell was only a cult and not an
entire culture, however, the distinctive
local traditions that had participated in
the Hopewell ceremonies now reassert-
ed themselves.

In Ohio this regional tradition is named

Scioto [see top illustration on page
94]. Because of the alien nature of
the Hopewell ceremonial complex, the
phase of the Scioto tradition—called
Hopewell—during which the funeral
centers were built has a dual status. In
terms of chronology the Hopewell
phase was only one subdivision of the
Scioto tradition. At the same time the
Hopewell religious cult must be granted
the status of a full-fledged tradition in

| its own right.



MAN AND HUMAN PROGRESS . .. ONE IN A SERIES
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May 27, 1959. For official Washington and much of the
free world, it was a day of mourning . . . the day of John
Foster Dulles’ funeral.

Ironically, it was also the deadline, set forth in an ulti-
matum six months earlier by Nikita Khrushchev, for the
West to get out of Berlin. But because Dulles had stood
firm—as he had in so many earlier showdowns between
Western determination and Communist expansionism—
May 27, 1959 was a carefree spring day in Berlin, noth-
ing more, nothing less.

Dulles, often stressing that peace is not to be had sim-
ply for the wanting, fought all his life for a just and moral
peace, a peace founded on interdependence of nations
and the dignity of man. We have not yet achieved his
objectives. But time has both vindicated his judgment
and affirmed the remarkable breadth of his accomplish-
ment.

“Peace 1s not achieved merely by desiring it.”

In the national interest, the Research Analy-
sis Corporation applies scientific thought to
major military, technical, economic and
political problems. Nonprofit and multidis-
ciplinary, RAC invites scientists and engi-
neers with advanced degrees and superior
capabilities to investigate its career oppor-
tunities; please send your resume to Mr.
John G. Burke, Professional Staffing, Re-
search Analysis Corporation, McLean, Vir-
ginia 22101 (suburb of Washington, D. C.).
An equal opportunity em-

ployer. @

RESEARCH ANALYSIS CORPORATION/
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Another fuel cell application/success report from Allis-Chalmers:

...in a land vehicle, a 15-kw tractor ... 1959.

FIRST... to successfully pass zero gravity tests,
Wright Patterson AFB...1962.

Allis-Chalmers points the way

1959, A-C built a self-contained 15-kw fuel cell-powered trac-
tor — the first application of fuel cells to terrestrial vehicles.

In 1962, A-C demonstrated another fuel cell first. In co-
operation with the U. S. Air Force, A-C successfully
zero-gravity-tested a fuel cell power pack.

In March, 1964, A-C created another fuel cell first by building
and testing for the air force, the first fuel-cell power pack
qualified for orbit. This 14-1b., 50-watt H,O, fuel cell proved
the reliability of Allis-Chalmers fuel cells under some of
man’s most stringent tests.

In July, 1964, A-C scored another fuel cell first. We delivered
fuel cell power to General Dynamic’s/Electric Boat — Star |
submarine. This hydrazine-oxygen, 36-volt, 750-watt power
pack doubled the Star I's endurance. Previously, batteries
lasted 4 hours and required 8 hours for recharging. With the
fuel cell system, endurance is based only on fuel and oxidant
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FIRST... “qualified for space" fuel cells for the Air Force FIRST... to power an underwater vehicle ... July, 1964,
... March, 1964.

in applying Fuel Cell power...

supplies aboard. Refueling takes only 5-10 minutes.

We've perfected the static moisture removal concept.
Water is removed from the fuel cell system without the use
of pumps and intricate auxiliaries.

We've introduced fuel cell catalyst developments such as
nickel boride.

We applied multi-kilowatt fuel cell power systems to an
experimental golf cart, a lift truck and to other vehicles
illustrated above.

This is why Allis-Chalmers believes that it is one thing to
research fuel cells and quite another to develop workable

units — and then apply them successfully! ALLIS-CHALMERS

. E / rtunity Empl
May we discuss your aerospace and defense fuel cell An Equal Opportunity Employer

application? TELEPHONE AREA CODE 414-774-3600, EXT. FUEL-CELIF d:sign ‘foll; l:erosp?c& and Hr);drcg-
. . 1 1 S -

491, ALLIS-CHALMERS box 512, Milwaukee, Wis., 53201. e i oy (o G e e o
A-1954 engineers at Allis-Chalmers. For information

concerning employment write to: Manager of
Professional Placement, Allis-Chalmers, Mil-
waukee, Wisconsin 53201.
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How Cells Make Antibodies

The process has now been clarified by experiments with single

antibody-producing cells grown in culture. These experiments

indicate that antibody manufacture is directed by the genes

r I Yhe human body is capable of
producing on demand any one
of thousands, possibly millions, of

different antibodies, each specifically
constructed to attack a specific antigen.
How does it manage this complex task?
Do the body’s cells build antibodies in
the same way that they build other
proteins, under the direction of specific
genes? If so, the cells must contain a
very large number of different antibody
genes and also an elaborate mechanism
primed to switch on the right gene when
the body is invaded by a particular anti-
gen, be it a bacterium, a virus or some
other foreign protein material.

At the Walter and Eliza Hall Institute
of Medical Research in Melbourne we
have been investigating these questions
by means of special cell cultures. Con-
ceptually the production of antibodies
rather resembles a large industrial or-
ganization that manufactures a wide
range of products in many different
factories. The system offers three ele-
ments for analysis. First there are the
factories themselves: the cells that make
antibody. Then there are the products:
the antibody molecules. Finally there
are the specification-presenting custom-
ers, so to speak: the antigen molecules.
We shall examine each of these in de-
tail and attempt to show how the system
is operated with such remarkable ef-
ficiency.

Until a couple of decades ago it was
generally believed that antibodies were
produced by the large antigen-devour-
ing cells known as macrophages or
“scavenger cells” Then in a classic
study Astrid Fagraeus of Sweden
brought forth evidence suggesting that
the actual producers were a family of
specialized cells called plasma cells,
which show up in considerable numbers
at the site of an infection as inflamma-
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tion gets under way. She found that
two days or so after she had injected a
vaccine intravenously into an experi-
mental animal “plasmablasts” began to
appear in its spleen (a prime source of
white cells). These young plasma cells
divide rapidly, and after a few days
their progeny become more specialized:
the nucleus of the cell shrinks and the
surrounding cytoplasm expands. The
fact that this cytoplasm is rich in ribonu-
cleic acid (RNA), which directs the
synthesis of protein, was taken as a
strong indication that the plasma cell
actively produced protein—that is to say,
antibody. Then Albert H. Coons and
his co-workers at the Harvard Medical
School added weight to this suspicion
by showing that plasma cells actually
contain antibody.

W,rork in our laboratory has now
proved definitely that these cells
do indeed manufacture antibody. We
have been able to follow the process by
culturing single plasma cells in tiny
droplets. This procedure has made it
possible to measure the production of
antibody by living cells and to study
the quality, purity and chemical char-
acteristics of the antibody produced.
As the antigen for our first experi-
ments we selected a protein extracted
from the flagella, or “flippers,” of Sal-
monella bacteria (which include the
human typhoid bacilli). The flagella en-
able the bacteria to move about. Anti-
serum to this material (that is, serum
containing antibody to its protein) will
paralyze the flagella and rapidly im-
mobilize the bacteria. Thus the orga-
nisms’ reaction provides a ready test for
the presence of the specific antibody.
We begin by injecting the flagella
protein into a rat. After the rat has
had time to react to the foreign protein
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we remove the lymph nodes draining
the site of the injection, tease the tissue
apart into its individual cells and place
each cell in a microdroplet of tissue-
culture liquid, which we deposit as a
hanging drop on the underside of a
glass cover slip. The drop is covered
with a film of paraffin oil to prevent
its evaporation. All this is done with
a micropipette and a micromanipulator
under a phase-contrast microscope. We
then incubate ‘the cell in the drop for
several hours at 37 degrees C. (the
human body temperature). Having thus
given the cell time to manufacture anti-
body, we finally inject three to 10 mo-
bile Salmonella bacteria into the micro-
drop.

If the bacteria are of the right strain
—that is, the same strain as the one
from which the flagella protein, or anti-
gen, was extracted—they stop moving
promptly, often within a few seconds.
On the other hand, bacteria of any other
strain will go on swimming about in-
definitely. The action is so specific that
antibody that rapidly immobilizes Sal-
monella typhi has no effect whatever,
even in high concentration, on the close-
ly related Salmonella paratyphi a.

The lymph-node cells, for their part,
show a similar specialization. Lympho-
cytes and scavenger cells give no evi-
dence of having formed antibody; they
fail to immobilize even the “right” bac-
teria. Plasma cells, on the other hand,
frequently show the effect. In their
young, plasmablast stage they produce
relatively little antibody, but by the
time they have matured they are loading
the microdrop around them with so
much antibody that the liquid will im-
mobilize bacteria even when it is diluted
1,000 times. The immobilization test
affords a measure of the amount of anti-
body produced by the cell, because the



e 4.

PLLASMABILAST, the first type of cell induced by the introduction IMMATURE PLASMA CELL is the offspring of the plasmablast.
of an antigen, is shown in culture. The reddish cells that appear The cytoplasm (blue outer region of the cell) has expanded; the
in these micrographs are not involved in antibody production. nucleus (red interior) and overall size of the cell have diminished.

MATURE PLASMA CELL has an even more fully developed cyto- RADIOAUTOGRAPH of plasmablast shows sites of deoxyribonu-
plasm. Ribonucleic acid (RNA)) located in the cytoplasm directs the cleic acid (DNA) synthesis. Precursor of DNA was labeled with
synthesis of antibodies, the proteins that act to neutralize antigens. radioactive atoms that on decaying made black dots in emulsion.
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SITES OF ANTIBODY PRODUCTION, the ribosomes, appear as the endoplasmic reticulum to the point where the eccentrically

tiny black dots lining channels called the endoplasmic reticulum shaped nucleus has been pushed into one region of the cell. The
in this electron micrograph of a plasma cell enlarged some 28,000 process by which antibodies, once made, are released from plasma
diameters. The presence of an antigen has induced development of cells is not known. The objects around the edges are other cells.
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speed of immobilization depends on the
concentration of the antibody. A mere
few thousand molecules of antibody are
enough to immobilize bacteria in a
short time.

The evolution of the plasma cells
again puts one in mind of the develop-
ment of a large industrial plant. The
young, primitive plasmablasts that
emerge two or three days after the anti-
gen has been injected represent the
tooling-up stage. The plasmablast is a
hive of activity; construction is proceed-
ing apace. A few products are being
turned out, but most of the energy is
going into setting up the machinery and
adjusting the assembly line. The mature
plasma cell, on the other hand, is like
a factory a decade after launching. This
is the era of high production, regular
dividends and little or no expansion.
Nearly all the cell’s energy is being put
into its one specialized task: turning out
a maximum of antibody for export and
distribution.

I]ow far does this specialization go?
- Is a given plasma cell restricted to
making a single kind of antibody or
can it synthesize more than one kind?
We undertook experiments to find out
whether or not a cell could produce
various antibodies simultaneously. Al-
though theoretical considerations had
prepared us to expect fairly strict spe-
cialization, we were still somewhat sur-
prised to learn how strict it actually was.
With rare exceptions each cell made
just one antibody, even when other
plasma cells in the lymph nodes were
equally busy making other antibodies.
In other words, there was a sharp divi-
sion of labor; the prevailing principle
was one cell, one antibody. In about
one case in 50 we found a cell making
trace amounts of a second antibody, but
this may have been accidental—the re-
sult, for example, of a tiny, undetectable
shred of cytoplasm from another cell
clinging to the cell in question.

As happens so frequently in present-
day research, another group of workers
had quite independently taken up the
same investigation we had: the study
of antibody production by single cells
in microdroplets. A group headed by
Melvin Cohn and Edwin S. Lennox that
is now at the Salk Institute in La Jolla,
Calif., used much the same technique,
except that their antigens were virus
proteins and the production of antibody
was assayed by its neutralization of the
virus’s infectivity. To our dismay their
findings differed in several important re-
spects from our own. They concluded
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CLONAL DEVELOPMENT of plasma cells is outlined in this representation of cells at
five stages of maturity (column at right) and the generations to which they belong (column
at left). After contact with an antigen the plasmablast takes some 10 hours to divide. The
time of division grows successively longer; it is not until the fifth day after contact that
mature plasma cells, members of the ninth generation, are producing a great deal of anti-
body (colored dots). Maturity can be seen to entail a shrinking of the nucleus and exten-
sion of the cytoplasm as the cell devotes itself to the task of making antibody. The nucleus
consequently becomes dense and its two nucleoli (dark spots in top cell) seem invisible.
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ISOLATING A PLASMA CELL was accomplished in the labora-
tory of the author as illustrated in this sequence of drawings. An
antigen was injected into the footpad of a rat (Step 1). Five
days later the draining lymph node was removed from the rat’s
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NUTRIENT MEDIUM

leg (Step 2). Cells were teased out of the soft tissue with needles,
spun in a centrifuge and suspended in a nutrient medium (Step
3). At right (Step 5) are a top view and side view of Step 4,
in which a cell from the suspension is transferred by means of a

from their experiments that many plas-
ma cells made two different antibodies
simultaneously, and also that small
lymphocytes, as well as plasma cells,
often made antibody. We have been
trying to find some reasonable explana-
tion for this difference in results, but so
far we have failed to do so. In our hands
hundreds of experiments performed by
members of our group in various lab-
oratories on three continents have al-
ways yielded the same result: one cell,
one antibody.

At all events, we begin to see the
main outlines of the production picture.
As the order for antibody comes in, by
way of the armrival of an antigen, the
white-cell construction centers (the
lymph nodes, spleen or bone marrow as
the case may be) commence to turn out
the miniature factories that will pro-
duce the antibody. These units start as
immature plasmablasts and take a little
time—a matter of days—to tool up for
full production as mature plasma cells.
This leads us to the interesting ques-
tion: What accounts for the great speed-
ing up of antibody production that oc-

1 TRITIUM MEDIUM

curs in a person who has already been
exposed to a previous invasion by the
same antigen?

“Immunological memory,” as it is
called, is by all odds the most remark-
able feature of the immune response. A
patient who has been vaccinated or has
recovered from an infection responds to
a second attack by the same antigen
with so prompt and massive an outpour-
ing of the appropriate antibody that the
infection is stopped in its tracks. How
is this stepped-up production accom-
plished? Do the plasma cells produce
more antibody than they did the first
time or does the new attack generate
a greater number of these cells?

Investigating the question with fur-
ther experiments, we found that both
responses took place: in a reinfection
there were more plasma cells and each
cell formed more antibody. The multi-
plication of cells, however, was much
more pronounced than the production
increase by individual cells. It was as if
the first exposure to the antigen had left
the animal prepared with precursor cells
that were ready to turn into plasma

9  TRANSFERRED TC
CLEAN SIDE

L

cells of the right kind as soon as the
original invader reappeared. We have
named these precursors “memory” cells.

7 e next looked into another inter-
esting feature of the immune re-
sponse. It has been known for some
time that the specific antibody produced
by a mammal changes somewhat as the
animal’s response progresses. During the
early stages of the response the animal
produces an antibody molecule with a
molecular weight of nearly one million;
then it switches to making a lighter ver-
sion of the same antibody with a mo-
lecular weight of only 160,000. The
heavy and light versions of the molecule
are respectively known as 19S and 7S;
the “S” signifies Svedberg units, a mea-
sure of the rate of sedimentation of the
molecules in a centrifugal field. Using
the technique of analyzing antibody
production by single cells, we estab-
lished that the switchover occurred
within each individual cell. At first the
cell formed only the 19S antibody, then
for a short period both 19S and 7S, and
finally only 78S.

@D
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TRACING PROCESS begins with the introduction of tritium,
the radioactive isotope of hydrogen, into the medium in which a
plasmablast is suspended beneath the cover slip of a microscope
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slide. This labeled hydrogen is incorporated into thymidine and
eventually appears in a constituent of the cellular DNA: thymine.
The cell is transferred by a micropipette to a dry, clean slide (Step
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micropipette to the glass slip covering the
well in a microscope slide. The droplet of
nutrient medium containing the cell is sus-
pended in paraffin oil at body temperature.

To obtain more information about the
workings of these factories it then be-
came necessary to look into the chemical
events taking place within them. The
problem of finding out what is going on
in a single cell of course calls for a
technique of exquisite sensitivity. For-
tunately such a technique is available.
It is autoradiography, the procedure in
which a cell is fed a substance labeled
with radioactive atoms and the cell then
records its metabolic uptake of this sub-
stance by its radioactive emissions; these
are recorded in a photographic emulsion
placed next to the cell [see “Autobiog-
raphies of Cells,” by Renato Baserga
and Walter E. Kisieleski; ScieEntiFic
AMERICAN, August, 1963].

We have used the technique to mea-
sure the rates at which our cells syn-
thesize ribonucleic acid (RNA), deoxyri-
bonucleic acid (DNA) and proteins. The
radioactive label usually employed is
tritium (hydrogen 3). For measurement
of the manufacture of DNA, for exam-
ple, the radioactive hydrogen is incorpo-
rated in thymidine, a precursor contain-
ing thymine, one of the building blocks

PHOTOGRAPHIC EMULSION

1

2) and fixed with methanol (Step 3). In Step 4 a photographic
emulsion is placed on top of the microdroplet containing the cell.
During the time the slide is stored in darkness (Step 5) rays

SPECIFICITY OF AN ANTIBODY was demonstrated by experiment in which an antigen
that immobilizes Salmonella typhi bacilli was injected into a rat, and antibody-producing
cells were isolated. When Salmonella typhi were put in contact with cells (left), they
could not move. Salmonella paratyphi bacilli, a related strain, were unaffected (right).

of DNA; for similar study of the syn-
thesis of a protein the label is attached
to an amino acid. The labeled substance
is then added to the microdroplet con-
taining our cell. After a certain mea-
sured time the cell is washed, dried on
a glass slide, fixed, covered with a layer
of photographic emulsion and put away
in a dark place—all, of course, with a
micromanipulator. Days or weeks later
the slide is taken out and the photo-
graphic emulsion is developed and fixed
in the usual way. This brings out the
amount of darkening that has been pro-
duced by radioactive emissions from the
cell. The radioactivity indicates how
much labeled material the cell took up
from the culture medium in the time
that elapsed before the cell was fixed.
Thus one can measure the rate at which
the cell synthesized a given product
(RNA, DNA or protein) simply by
counting the number of darkened grains
in the photographic emulsion.

A cell's production of DNA shows
how fast cell division is taking place,
because the cell doubles its content of
this genetic material just before it di-

B DEVELOPED AND STAINED

“"”"l/ﬂ
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vides. Measuring DNA synthesis by
means of autoradiography, we have
found that the young plasmablasts di-
vide about every 10 hours, which is
about as fast as any mammalian cell can
divide. After the offspring of these cells
have reached the stage of full maturity
as plasma cells, however, they appar-
ently stop dividing. It appears that,
starting with a single plasmablast, there
are typically nine successive divisions,
producing a “clone,” or colony, of cells
before division stops. The clone in-
cludes not only mature plasma cells but
also a number of primitive “memory”
cells that are prepared to react vigor-
ously to any future encounter with the
same antigen. Very likely these cells are
able to organize themselves into “ger-
minal centers.”

In the plasmablast stage the cells pro-
duce a great deal of RNA and protein—
mainly structural proteins and enzymes.
The mature plasma cells, on the other
hand, switch to synthesizing mainly
antibodies: 90 to 95 percent of all the
protein they produce is antibody. Curi-
ously the mature plasma cells of rats,

emitted as tritium decays mark the emulsion. The top view pro-
vided in the last step shows the sites at which radioactive substance
was used. Such a view indicates where cell synthesized DNA.



TWO THEORIES OF IMMUNITY are depicted. According to the
classical “instructive” hypothesis (left) antigen enters a plasma
cell and forms a template from which a complementary antibody

which we used in our experiments, syn-
thesize very little RNA, although RNA
is usually required for protein synthesis.
It seems that rats may be somewhat
freakish in this respect; recent work has
shown that human plasma cells make
considerable amounts of RNA. Possibly
in rats the cell reads the same RNA

RESPONSE TO ANTIGEN in a lymph node is illustrated. The
colored bodies are macrophages: free-swimming scavenger cells.
Macrophages within a follicle, an elevation in the node, extend
dendritic arms of cytoplasm that ensnare invading antigen while at-
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blueprints over and over in its manufac-
ture of the antibody molecules.

The development of plasma cells has

been studied not only by autoradiog-
raphy but also by examination of the
cells with the electron microscope. We
have done little of this work ourselves,

© 1964 SCIENTIFIC AMERICAN, INC

is produced. The “clonal selection” theory (right) suggests that
the mere contact of a given antigen and a given plasma cell signals
DNA in the cell nucleus to start directing production of antibody.

but many other groups have pursued in-
tensive microscopic analyses of the cells’
anatomy. The electron microscope can
magnify the cell 100,000 times and re-
solve elements within the cell as small
as two millionths of a millimeter in
diameter.

At this magnification a mature plasma

tracting plasmablasts. The multiplying plasmablasts form a cluster
called the germinal center. Macrophages in the medulla, the
inner region of the node, may also stimulate reproduction of plas-
ma cells in their vicinity after engulfing (not ensnaring) antigen.



cell looks for all the world like the typi-
cal cells of a secretory gland. The cell
cytoplasm contains a double membrane
marked by an extensive network and
studded with little black dots. These
dots are the ribosomes—the tiny work-
shops that synthesize proteins. In many
other types of cells ribosomes are strung
together like a bead necklace in groups
called polysomes. It is believed that the
connecting string is “messenger” RNA,
which contains the coded information
for the construction of proteins, and that
the ribosomes read the instructions on
the string much as the output device of a
business machine reads a punched tape.
Certain electron micrographs of plasma
cells suggest that perhaps the ribosomes
in these cells also are organized into
polysomes, but so far we have no con-
clusive evidence on this point.

A young plasmablast contains many
free-floating ribosomes, but it shows no
extensive network in its structure. The
arrival of an antigen somehow sets in
motion a complex series of changes that
transforms the potential plasma cell
from a relatively unspecialized unit into
a highly organized, elaborately special-
ized system for producing and export-
ing proteins. The plasmablast begins to
synthesize RNA at a high rate, form-
ing messenger molecules and ribosomes
in the process. When the factory is
equipped for full production, the ma-
ture plasma cell not only synthesizes but
also in some cases stores large quantities
of antibody; occasionally these stores of
protein actually become visible as crys-
tals within the cell. How the antibody is
released from the cell, or what controls
the rate of export, is not known.

It is now high time we looked at the

products of these factories: the anti-
body molecules. Unfortunately this is
not at all a simple matter. The products
of the plasma cells are about as diverse
as the vast array of automobile models
put out each year by General Motors.
We can nonetheless learn something
useful by concentrating our attention on
the most common form—the Chevrolet
of antibodies. It is the 7S molecule I
have already touched on; its full name
is 7S gamma globulin.

This molecule, it has recently been
discovered, can be disassembled into
four parts—four chains that are linked
together in the full molecule by covalent
sulfur links and hydrogen bonds. They
come in two pairs: a pair of heavy
chains each of molecular weight 50,000
to 60,000 and a pair of lighter ones
of molecular weight 20,000. In each
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Boo Sun lives with 9 relatives in a one-room
hut in an impoverished South Korean village.

All she ever wanted was ‘“to be a teacher, so
| could make little children wise.”

But education is not free in South Korea. And
Boo Sun's parents are desperately poor.

They're also proud. That's why they refuse
charity.

But if they had a cow to do the plowing, they
could grow enough rice to earn money to send
Boo Sun to school.

... Will you buy Boo Sun a cow?
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ANTIGEN CAPTURE by a 7S globulin antibody molecule is illustrated schematically.
The antibody has two heavy and two light chains wound in flexible packets and bonded
by sulfur atoms (black bands). The interaction of a heavy and a light chain at each extreme
enables antibody to “open” in a manner conforming to shapes of a wide variety of antigens.

particular 7S antibody the two heavy
chains (called A chains) are identical
with each other and so are the two light
ones (called B).

Now, it is known that an antibody
neutralizes an antigen by somehow at-
taching itself to the antigen. Where in
this four-part structure might we find
the active combining site that locks on
the antigen? Two different suggestions
have emerged. Rodney R. Porter of the
Wright-Fleming Institute in London has
reported indications that the combining
site is in the A chain. G. M. Edelman
of the Rockefeller Institute, on the other
hand, believes on the basis of his experi-
ments that the combining site is shared
between the A and B chains [see illus-
tration above].

If Edelman’s model is correct, it be-
comes unnecessary to suppose that the
shape of the combining site in each
specific antibody is determined by a dif-
ferent single gene, as the Porter scheme
would imply. Assuming that this prop-
erty actually is controlled by genes, a
comparatively small number of genes,
each specifying a variation of the A or
B chain, would suffice. As few as 1,000
different versions of the A chain and
1,000 of the B chain could, in various

combinations, produce at least a million
different configurations to entrap a mil-
lion different antigens.

]Tinally let us examine the antigens

themselves. In a sense they can be
called the managers of the antibody fac-
tories, because they direct what anti-
bodies shall be produced. The arrival of
a particular antigen on the scene starts
a whole series of specific activities: the
proliferation of plasmablasts, the syn-
thesis of RNA and networks by these
cells, their progressive differentiation
toward mature plasma cells, the syn-
thesis and assembly of A and B chains
into antibody molecules, the creation of
“memory cells” and so forth.

Seeking to find out how the antigen
triggers all this, Gordon L. Ada and 1,
together with other workers in our In-
stitute, have recently performed a series
of experiments with radioactively la-
beled antigens. We labeled each antigen
molecule with just one atom of radio-
active iodine 125, firmly attached to a
unit of the amino acid tyrosine in the
molecule. At various intervals after the
antigen had been injected into a rat we
examined sections of the animal’s organs
by means of autoradiography to see

where the antigen had gone. The tech-
nique enabled us to trace even single
molecules of antigen to their destina-
tions in the body.

We found, in the first place, that the
antigen was very efficiently gobbled up
by the large scavenger cells, or macro-
phages. The macrophages deep within
the lymph nodes proved to be loaded, as
expected, with the antigen. But we also
found the antigen trapped in another
system that had not been noted pre-
viously. In the outer part of the lymph
node was a veritable web of fine strands
of macrophage cytoplasm. This web
captured antigen most actively. There-
after it soon attracted primitive blast
cells, including plasmablasts. These be-
gan to multiply and formed round col-
lections of cells we call germinal centers.
The exact function of these cells is not
clear, but we believe they export both
lymphocytes acting as memory cells and
antibody-forming cells.

To our surprise we found that little
or no antigen made its way into the
antibody-producing cells themselves, at
least as far as the autoradiographs
showed. The plasmablasts occasionally
seemed to contain a few molecules of
antigen, but in the mature plasma cells
there was so little of it that even if the
antigen molecules had been broken into
tiny pieces, there would not have been
enough fragments to provide one for
each ribosome or polysome in the cell.
All this argued against the hypothesis
that antibodies are shaped by contact
with the antigen molecule or a fragment
of it as the template.

W[,That, then, does launch the plasma-
cell system into activity and shape

the production of the antibody? The

ANTIBODIES AND ANTIGENS appear in these electron micro-
graphs. In the micrograph at left the antibody molecule (strand
indicated by arrow) extends between two polyoma virus particles.
In the micrograph at right an antibody molecule (loop indicated
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by arrow) attaches both combining sites to one antigen, a wart-virus

particle. The micrographs have respective magnifications of 750,
000 and 600,000. They were prepared by June Almeida, Bernhard
Cinader and Allan Howatson of the University of Toronto.



only current theory that is consistent
with all the observed facts is the “clonal
selection” theory proposed by Sir Mac-
farlane Burnet [see “The Mechanism of
Immunity,” by Sir Macfarlane Burnet;
ScIENTIFIC AMERICAN, January, 1961].
The essence of this theory is that the
antibody-producing cells need no infor-
mation from the antigen at all beyond
the fact that it is present! The body is
equipped with a variety of clones of
cells of various capacities. Each group
of cells has the potential to react to a
particular antigen, and the arrival of
that antigen simply triggers the already
prepared cells to make the appropriate
antibody. As we have seen, the plasma-
blasts that cluster around the antigen-
laden web of the lymph node come into
close contact with the antigen. Perhaps
mere surface contact with the antigen is
sufficient to launch the cells into ac-
tivity.

Whether the clonal-selection theory
is correct, or even partly correct, is still
much debated. It seems clear, however,
that antibodies are not molded on anti-
gens as templates, and more and more
the evidence points to the likelihood
that they are constructed according to
plans carried by the genes. One can
imagine that through the ages the muta-
genic processes of nature, working on
a vulnerable area, or “hot spot,” in the
antibody genes (perhaps the two genes
controlling the configurations of the A
and B chains), have produced various
mutations and thus have given rise to a
varied assortment of such genes that
persists in the body because of its value
in coping with a variety of infections.

In terms of our industrial analogy,
it appears that evolution has built an
antibody-production system that would
make any factory manager wide-eyed
with envy. All the manager in this case
(the antigen molecule) has to do is to
walk up to the right building (an ap-
propriate cell) and knock on the door.
The knock sets off feverish activity in-
side the building: elaborate machines
are speedily constructed and the num-
ber of workshops multiplies. Soon, with-
out the manager having even crossed
the threshold, there begins to come
off the assembly line a steady stream
of custom-built automobiles designed
to suit him exactly. The manager him-
self did not design the car. Inside the
initially empty factory building a very
complex computer system (the cell’s
DNA) saw him coming, remembered
all the mistakes and lessons of past
ages in coping with his requirements
and speedily arranged to greet him with
the correct answer.
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(Quantized Yortex Rings in Superfluid Helium

Vortex rings (17’1alogous to smoke rings in air can be

produced in liguid helium. They move in strange ways

and exhibit discrete quantum effects on a large scale

The natural world that physicists
attempt to understand has two
main aspects. On the one hand
there is the macroscopic world of ob-
jects of the kind we see and feel. On
the other there is the microscopic world
of atoms and molecules, in which the
essential discreteness of nature de-
scribed by the laws of quantum me-
chanics is of paramount importance.
When matter is of macroscopic dimen-
sions, that is, when it is composed of
billions and billions of atoms, the dis-
crete behavior of its constituents is so
smeared out that quantum effects are
usually undetectable. The situation can
be quite different, however, if matter is
studied at very low temperatures. The
near absence of random thermal motion
in matter at these temperatures results
in such a high degree of internal order
that quantum effects may become mani-
fest even on a macroscopic scale. What
follows will describe some recent experi-
ments that have helped to provide strik-
ing evidence for the existence of such
macroscopic quantum effects in liquid
helium.

The experiments were performed
with ordinary helium, which consists
almost entirely of the isotope helium 4.
Gaseous helium liquefies when it is
cooled to 4.2 degrees Kelvin (degrees
centigrade above absolute zero). When
it is cooled still further, to 2.18 degrees
Kelvin, it becomes a “superfluid.” This
fluid has the remarkable property of
being able to flow through extremely
small holes or channels without encoun-
tering frictional resistance [see “Super-
fluidity,” by Eugene M. Lifshitz; Scien-
TIFIC AMERICAN, June, 1958]. Superflu-
idity is itself a consequence of the
highly ordered state of liquid helium at
low temperatures and of the resulting
importance of quantum-mechanical ef-
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fects. The following hypothetical experi-
ment will provide a simple illustration.

Suppose a golf ball is propelled into
a liquid with some small initial velocity.
Imagine further that we have eliminated
gravity or any other external force that
might act on the ball. What will hap-
pen? In an ordinary liquid such as water
the ball would very quickly be brought
to rest by the net frictional force result-
ing from collisions of the ball with in-
dividual water molecules. In superfluid
helium at a sufficiently low temperature,
however, the internal order of the liquid
is so great that it is not permissible to
consider the effects of individual helium
atoms separately. Instead one must re-
gard the liquid as a unified whole, as
though its atoms formed a single gigan-
tic molecule in which no atom moves
independently of any other; such a
molecule could only be described by the
laws of quantum mechanics.

If the temperature of the liquid is not
close to absolute zero, however, its de-
gree of internal order is not perfect:
there exist in the liquid small distur-
bances that mar its perfection. These
deviations from perfect order may con-
sist of local variations in density (com-
pressions or rarefactions) or of tiny ed-
dies that move through the liquid in a
random way as if they were particles
[see “Superfluidity and ‘Quasi-Parti-
cles,”” by F. Reif; SciENTIFIC AMERI-
caN, November, 1960]. Collisions with
such disturbances would slow down the
golf ball and eventually halt it. The low-
er the temperature of the liquid, the
smaller the number of disturbances in
it and consequently the freer the ball’s
travel through it. At absolute zero, with
the liquid reduced to perfect internal
order, the ball would encounter no fric-
tion whatever and would lose no mo-
mentum. It would simply continue to
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move through the liquid with its initial
velocity unchanged, as if it were trav-
eling in a vacuum! To describe the
passage of the ball through the per-
fectly ordered liquid, we may say that
the liquid merely deforms gently to let
the ball pass, getting out of the way in
front of the ball and then closing in be-
hind it.

A few years ago Lothar Meyer and I
at the University of Chicago, and inde-
pendently G. Careri and his co-workers
in Italy, performed some experiments
that are basically equivalent to the
imaginary experiment with the golf ball.
Our “ball” was a charged particle of
atomic size—essentially a helium ion—
whose motion through liquid helium
could be studied under various condi-
tions. A plate covered with radioactive
polonium and immersed at one end of
the vessel containing the liquid pro-
vided a source of charged particles by
ionizing the helium atoms immediately
adjacent to the plate. The rest of the
apparatus consisted of one or more grids
immersed in the middle of the vessel
and a collecting electrode at its other
end [see illustration at bottom left on
page 118]. The ions arriving at this col-
lector gave rise to a small current that
could be measured with a sensitive
meter.

Even at the lowest temperatures
available in our experiments there are a
sufficient number of disturbances in the
liquid to stop an ion before it has trav-
eled any appreciable distance. When
one uses a grid to apply a small elec-
tric force to the ion, however, it can be
made to drift in the direction of the
force with a constant net velocity. This
velocity can be determined at various
temperatures simply by measuring the
time required for the ion to traverse
a known distance. Our measurements



showed that when the temperature of
the liquid helium was lowered from 2
degrees Kelvin to .5 degree, the velocity
produced by a given electric field in-
creased approximately 100,000 times.
The decreasing number of disturbances,
and the increasing degree of order of
the liquid, was thus made vividly appar-
ent. Although at .5 degree K. there are
still so many disturbances in the liquid
that the ion moves only about a ten-
thousandth of a centimeter between
encounters with them, this distance is
already some 10,000 times greater than
the distance between neighboring he-
lium atoms in the liquid.

rl’hese experiments suggested that it

would be most interesting to conduct
such investigations under conditions
that would minimize the effect of the
disturbances on ions moving through
the liquid. In collaboration with a grad-
uate student, George W. Rayfield, I
therefore undertook at the University of
California at Berkeley similar experi-
ments specifically designed to go to
lower temperatures and to use stronger
electric forces. We soon encountered
some highly unexpected effects.

It became apparent that, as the tem-
perature is sufficiently reduced or the
electric force is sufficiently increased,
the behavior of the charge-carrying
entities observed in the experiments
changes quite abruptly. There is a
marked reduction in the frictional re-

SOURCE DEFINING SLITS

BEHAVIOR OF VORTEX RINGS in superfluid helium was dem-
onstrated by the experiment depicted in this illustration. The
apparatus was immersed in a vessel containing superfluid helium.
(Gaseous helium liquefies at 4.2 degrees Kelvin and becomes su-
perfluid at 2.18 degrees K.) The problem was to show that charge-
carrying entities originating at the source (left) were not singe heli-

sistance encountered by such a charge-
carrier (which might be a single ion or
perhaps a more complicated entity con-
sisting of many atoms and carrying a
single charge). The situation is most
striking at the lowest temperature used
in our experiments: .28 degree K. At
this point frictional effects are so small
that, if a charge-carrier is given an ini-
tial push by an electric force, it can
travel on for several centimeters with-
out any appreciable loss of energy. In-
deed, it can travel on to the collecting
electrode even against an opposing elec-
tric force, unless that force is made
strong enough to overcome the charge-
carrier’s kinetic energy. In short, the
charge-carrier behaves in all respects as
if it were moving through a vacuum
instead of through the actual liquid.
What exactly is the nature of the
charge-carrier that exhibits these sur-
prising properties? To investigate this
question we set out to measure the ve-
locity of the charge-carrier’s travel. For
this purpose the apparatus was modi-
fied slightly [see illustration at Dottom
right on next page] so that three grids
were immersed in the liquid helium.
The energy of a charge-carrier arriving
at the first grid was known in terms of
the electric force acting on the charge-
carrier between the source and the grid.
The velocity of a charge-carrier with
this energy was then determined by
measuring the time it required to travel
freely, in the absence of any constant
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external forces, from the first grid to the
third grid. The time could be measured
quite accurately by applying to the
middle grid a small electrical signal that
reversed its direction periodically and
thereby acted as a clock.

The velocity measurements revealed
two surprising facts. First, the velocity
of the charge-carriers is quite low: about
100,000 times lower than one would ex-
pect if the charge-carrier were simply
a helium ion. The second fact is even
more startling. If the energy of the
charge-carrier is increased, its velocity
decreases; indeed, its velocity is in
roughly inverse proportion to its energy.
In other words, the greater the force ap-
plied to the charge-carrier in the direc-
tion in which it moves, the more it is
slowed down!

Ithough these experimental results

seemed rather paradoxical, they
contained some clues for their interpre-
tation. The very fact that the velocity of
the charge-carrier is so low indicates
that it is much more massive than a
single helium ion and suggests that it
must consist of many thousands of
atoms forming some well-defined large-
scale entity. What kind of object could
this entity be? One thought that oc-
curred to us was that it might be a vortex
ring, a commonplace example of which
is a smoke ring in still air. As everyone
who has seen a smoke ring knows, it is
a remarkably stable structure. Could it

AL
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um ions but vortex rings bearing a single charge. It was predicted
that a pair of electrically charged plates (center) would deflect
such rings (color) four times more than single ions. Openings in the
mask in front of the collector plate (right) were located in accord-
ance with this prediction. Current collected by the plate con-
firmed the prediction. Size of the rings is much exaggerated.
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be that the body observed in our ex-
periments was simply a vortex ring that
bears a charge and moves through the
liquid helium in the same way that a
smoke ring moves through air? A little
thought about the properties of vortex
rings in fluids will demonstrate that this
is a reasonable conclusion.

A vortex can exist in any fluid, wheth-
er liquid or gas. A simple linear vortex
is exemplified by the rotational fluid
motion observed in the water above the
open drain of a washbasin or in the air
masses forming a tornado. Considering
such a vortex in ideal terms as consist-
ing of a frictionless fluid, we can de-
scribe it by saying that the fluid rotates
around a straight hollow axis—the “core”
of the vortex—in such a way that the
velocity (v) of each portion of the fluid
decreases in inverse proportion to its
distance (r) from the axis. This relation
can be expressed as v = K/r; the quan-
tity K, the “strength” of the vortex, is
a constant that does not change with
time. The magnitude of K depends on
how much energy was initially imparted
to the rotational motion of the vortex.

The hollow axis of a vortex need not
be straight; it can be curved. In par-
ticular it can be bent around and joined
end to end to form a ring (as in the
chemist August Kekulé’s celebrated im-
age of a snake grasping its tail, which
gave him the idea of the benzene ring).
Any vortex ring has this doughnut-
shaped structure. The vortex axis fol-
lows the circular axis of the doughnut,
and the particles of the fluid in the ring
revolve around this axis.

———————

Any vortex axis has associated with
it a certain kinetic energy per unit of
length by virtue of the motion of the
rotating fluid. If one now imagines that
the vortex axis is bent in a circle to
form a vortex ring, the kinetic energy
in the ring is obtained simply by multi-
plying the energy per unit of length of
the axis by the total length of the axis,
that is, the circamference of the ring.
The energy stored in a vortex ring is
thus proportional to its circumference or
its diameter.

It is a familiar fact that a smoke ring
in still air travels slowly in a direction
perpendicular to the plane of the ring.
How does this motion of a vortex ring
come about and how fast is it? These
questions can best be answered if the
reader will examine the bottom illustra-
tion at right. The illustration shows cross
sections at two points on opposite sides
of the ring. In one section the rotation
of the vortex is counterclockwise as one
looks into the picture along the axis of
rotation; in the opposite part of the
ring, where the axis of rotation points
out of the paper, the rotation is clock-
wise. The nature of the ring can there-
fore be analyzed approximately as
though one were dealing with a pair of
straight vortex axes of equal strength
(but with their fluid circulating in op-
posite directions) separated by a dis-
tance equal to the diameter of the ring.
If only one of the two vortices were
present, its axis would be stationary,
with the fluid rotating about it. But
when both vortices are present, the ro-
tation of the fluid around one vortex

®

extends to the other vortex and influ-
ences its motion. The rotation of the
fluid in the first vortex causes the fluid
in the second vortex to move to the
right; as a result the second vortex is
swept along to the right. In exactly the
same manner the rotation of the fluid in
the second vortex causes the fluid in the
first vortex to move to the right; as a re-
sult the first vortex is also swept along
to the right. Under their mutual influ-
ence both vortices move to the right
with the same velocity. This argument
shows why the vortex ring as a whole
moves to the right, or in a direction
perpendicular to its plane.

These considerations indicate how
one can calculate the velocity of the
ring as a whole. This velocity must es-
sentially arise from the velocity the
fluid rotating around one vortex has at
the position of the other vortex that it
sweeps along. We have noted, however,
that the velocity of rotation of each por-
tion of fluid surrounding a vortex is in-
versely proportional to its distance from
the axis of rotation. In the illustration
the two vortices are simply separated by
a distance equal to the diameter (D)
of the ring. It follows that the rotation
of the fluid surrounding one vortex
causes the portion of the fluid at the
position of the other vortex to have a
velocity K/D (K, again, is the strength
of the vortex). The pair of vortices, and
the ring as a whole, therefore moves
in the axial direction essentially with the
velocity K/D. This result shows that if
the diameter of a vortex ring with a
given strength is increased, its velocity

e
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MOTION OF HELIUM IONS through liquid helium (color) was
studied by immersing in the liquid a source of ions (S), a plate
for collecting them (C) and a grid for controlling the motion (A4).
Charge of the ions was measured by a meter (right). Electric forces
(arrows) were produced by batteries connected to the electrodes.
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VELOCITY OF A CHARGE CARRIER was studied with three
grids. As a result of force F the carrier enters the region between
A and B with a known amount of energy. The time required for
the carrier to travel from A to B in the absence of external forces
is measured by M, which applies a small alternating force (f).



should decrease in inverse proportion.
In other words, the bigger the ring, the
more slowly it should move through the
fluid.

rI‘his discussion will have indicated
+ the essential properties of a vortex
ring. The ring’s energy is directly pro-
portional to its diameter, but its axial
velocity is inversely proportional to its
diameter. As a result the velocity of the
ring decreases in inverse proportion to
its energy. If the vortex ring is acted on
by an external force, its energy is in-
creased. Then, however, it increases in
size and slows down. Indeed, the larger
the external force, the slower the mo-
tion of the ring through the fluid. All
these strange properties are precisely
those exhibited by the charge-carriers
observed in our experiments. The ex-
perimental results can therefore be ex-
plained by assuming that the charge-
carriers are vortex rings formed of liquid
helium.

The predicted properties of vortex
rings are so odd that it seems worth
verifying that they are indeed exhibited
by visible vortex rings in ordinary liq-
uids. A convincing demonstration can
be provided with vortex rings consisting
of a white liquid injected into a tank
of plain water [see Dottom illustration
on page 122]. When the white vortex
ring consists of plain water, so that it
is subject to no net external forces, it
moves through the tank with relatively
little change in its velocity and size. A
white vortex ring of salt water, however,
behaves differently. Since salt water is
heavier than plain water, the ring is
pushed downward by a net gravitational
force greater than buoyancy. In agree-
ment with the prediction, the ring is
observed to increase in size as it moves
downward with decreasing speed.

Now let us return to our experiments
with charge-carriers in liquid he-
lium. Our measurements, made under a
large variety of conditions, showed that
there is a unique relation connecting
the energy and the corresponding ve-
locity of the observed charge-carriers.
If the charge-carriers are vortex rings,
as we have been led to conclude, the
relation implies that all these vortex
rings must have the same strength (K).
The actual magnitude of the strength is
readily derived from the experimental
data. But why should all vortex rings
in liquid helium always have this par-
ticular strength?
The answer to this question repre-
sents the most significant aspect of the

experiments: it provides direct evidence
that quantum mechanics is profoundly
important for describing the behavior of
liquid helium. To appreciate this point,
let us once again consider the simple
case of a long, straight vortex in a fluid.
In an ordinary fluid the strength of this
vortex can have any value, because on
the macroscopic scale and at ordinary
temperatures a continuous series of
values is permitted. This is not true of
liquid helium, where the temperature is
so low and the internal order so great
that the liquid must be treated as a
single molecule. The laws of quantum
mechanics must now be directly appli-
cable to the liquid as a whole. As a re-
sult the liquid is allowed only certain
discrete states of motion. Just as in a
hydrogen atom the angular momentum
of the electron revolving about the nu-
cleus is allowed only certain values,
each of which must be a whole-number
multiple of Planck’s quantum constant
fi, so the angular momentum of each
helium atom in a liquid-helium vortex
must be restricted to a value that must
be a whole-number multiple of #. The
angular momentum of a helium atom is
given by the formula mur; that is, it is
obtained by multiplying the mass (m)
by the velocity (v) and the distance (r)
from the axis of rotation. In the vortex,
as we have noted, v = K/r, so the for-
mula for angular momentum simplifies
to the product mK. Since the angular
momentum must be an integral multiple
of f, it follows that K—the strength of
the vortex—must be always some whole-
number multiple of #/m. In short, the
strength must be quantized. This con-
clusion, derived by reasoning from
quantum laws, is remarkable because it
predicts that Planck’s constant i, which
is usually relevant only to phenomena at
the atomic level, in liquid helium ap-
plies on the macroscopic scale.

The quantization of strength should
be the same if the straight vortex is bent
or joined end to end to form a vortex
ring. Our experiments on charge-carry-
ing vortex rings in liquid helium, how-
ever, have enabled us to deduce a
unique value for this strength. The
value turns out to be exactly equal
(within a margin of experimental error
of about 3 percent) to the quantity fi/m,
obtained by dividing Planck’s constant
by the mass of a helium atom (m). In
other words, the strength of the vortex
rings as measured in our experiments
precisely fulfills the demands of quan-
tum mechanics: it amounts to the small-
est possible value, or just one quantum
unit 2/m. (Under our experimental con-
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STRAIGHT VORTEX such as that ob-
served in a tornado is shown in cross sec-
tion. The vortex has a hollow axis around
which the fluid rotates in one direction
(curved arrows). The symbol V' denotes the
velocity of the fluid at the distance R.

| VELOCITY

DIAMETER

VORTEX RING is essentially a straight
vortex closed in a loop. Here the motion of
fluid in a ring that is moving to the right
is shown in cross section. The representation
is schematic; the flow does not have equal
strength outward from the axis, nor does it
stop abruptly at the vertical broken lines.
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EXPANSION OF A VORTEX RING is the result of a force acting which is shown in detail by the cross sections and the arrows at
at right angles to the plane of the ring. This force, the effect of right, imparts to the vortices velocities that push them outward.
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ditions it would be difficult to produce
rings with a strength greater by as much
as another quantum unit, the smallest
possible larger value.)

Compared with the theoretical curve
showing how velocity should be related
to energy in vortex rings of this strength,
our experimental measurements fit the
curve quite well [see illustration on this
page]. One feature of the results pro-
vides further support for the vortex-
ring interpretation. In liquid helium at
higher temperatures positive ions be-
have rather differently from negative
ones, but in these experiments it makes
no difference whether the charge-carrier
has a positive or a negative charge: both
types fall on the same curve. This con-
firms that the charge-carrier is com-
posed of a large number of atoms, so
that the nature of the small charged
particle carried along by the group as a
whole is comparatively unimportant.

A liquid-helium vortex ring with an
energy of 50 electron volts is about a
ten-thousandth of an inch in diameter,
and we have worked with even larger
ones. Such a ring can be considered
truly macroscopic, since its diameter is
about 10,000 times the distance be-
tween any two adjacent atoms in the
liquid. Our experiments therefore pro-
vide good evidence for the manifesta-
tion of discrete quantum effects on a
macroscopic scale.

Now that we have gained an insight

into the main properties of quan-
tized vortex rings in liquid helium, we
can try to answer a number of other
questions about them. How, for exam-
ple, is such a vortex ring originally cre-
ated? At sufficiently low temperatures,
or in the presence of a sufficiently large
electric force, a helium ion can be ac-
celerated to a high velocity between en-
counters with the relatively few dis-
turbances in the liquid. We surmise that
the ion can thus acquire enough energy
to form around itself, out of the atoms it
pushes aside in moving through the
liquid, a vortex ring of atomic size. The
ion is then likely to be trapped in
the hollow core of the ring, endowing
the ring with a charge localized along
its axis. After this has happened the
ring grows in energy and size as a re-
sult of the applied electric force.

Is it possible to understand the
strange motion of vortex rings under
quite general conditions? Consider first
a single straight vortex such as the one
shown in the top illustration on page
119. If an electric force is applied to the
charged vortex axis in a direction to the

right, it tends to push the axis into a
region where the rotating fluid moves
upward; hence the axis is driven up-
ward and the vortex moves upward at
right angles to the applied force. The
argument can now be applied to the
motion of a vortex ring. If an electric
force is applied at right angles to the
plane of the ring as indicated in the top
illustration on the opposite page, it
pushes the axes of the two vortices
(shown in cross section) into regions
where the fluid rotates in such a way
that the vortex axes are driven outward.
This argument shows why the diameter
of the ring increases under these condi-
tions. On the other hand, if the electric
force is applied along the plane of the
ring itself, as shown in the bottom il-
lustration on the opposite page, it will
have the effect of driving the near edge
of the ring to the right and the far edge
to the left; in other words, it will tilt
the ring. We have calculated that, be-
cause of this tilting, a vortex ring sub-
jected to an electric force acting at right
angles to its original direction of motion
would be deflected four times as much
as an ordinary charged particle would
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be. An experiment designed to test this
prediction showed that the prediction
indeed holds true [see illustration on
page 117]. The experiment still further
confirmed that we are dealing with
vortex rings.

Finally, why is it that a vortex ring
in liquid helium at low temperatures
can move so freely over a large distance
with a negligible change of velocity?
It is basically because a vortex ring
has a large inertia, since it consists
of many thousands of atoms, and be-
cause it collides with rather few dis-
turbances if the temperature is very
low. A simple experimental arrange-
ment enabled us to measure the energy
loss of a vortex ring that was allowed to
move freely over a fixed distance in the
absence of any external force. We found
that the energy loss increases rapidly
when the number of disturbances in the
liquid is increased by raising its tem-
perature. The measurements indicate
that a vortex ring with an initial energy
of 10 electron volts can travel in
liquid helium at .28 degree K. a dis-
tance of 55 centimeters before losing
half its energy; when the temperature is

e r— T e

30 40

ENERGY (ELECTRON VOLTS)

VELOCITY AND ENERGY of a charge-carrier are plotted on this graph. Experimentally
observed figures for positive charge-carriers (dots) and negative carriers (triangles) are
plotted on a vertical axis giving the velocity in centimeters per second and a horizontal
axis giving the energy in electron volts. The colored curve shows the theoretically
predicted relation between the velocity and energy of a vortex ring with a strength equal
to one quantum unit (Planck’s constant i divided by the mass of one helium atom).
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Have you heard about...

a combined switch and circuit
breaker that affords new conve-
nience for television setsand
appliances.

a new kind of semiconductor—a,
low-voltage stabistor, useful in
protecting secondary batteries
from overcharge.

a new kind of capacitor, using
fully molded construction, which
provides extra reliability at
economical cost.

powder metal parts as strong as
wrought metal, precision-pro-
duced in volume at substantial
savings.

These are some of the latest new
products from Mallory ... where
new things keep happening in
electrical and electronic compo-
nents, high energy battery
systems, sequence timers, special
metals. P. R. Mallory & Co. Inc.,
Indianapolis, Indiana 46206.

MALLORY

MAKING ATOMS TODAY?

In this photo, designer Erv Edell is using a standard
model Unimat with two inexpensive accessories, a milling
table and an indexing attachment. With his Unimat set
up in this manner he is able to create a hexagonal pyra-
mid working in wood, plastic, or metal as he chooses.
Motive power is supplied by the 11-speed pulley drive.
The cutting saws are fed accurately into the work piece,
which is indexed to correct radial location within V-
degree or less depending on skill of the operator.

This is one of hundreds of unusual laboratory and model
shop jobs versatile Unimat. A basic
Unimat is a complete metalworking lathe with chucks,
which converts instantly into a vertical-column tilting-

possible with

head drill press, mill and grinding machine. Basic unit
price is only $139.50. The cost of accessories used by
Mr. Edell is $28.95, and these items are available in all
large cities. Write today for complete technical details—
free.

AMERICAN EDELSTAAL INC.
Dept. S-L4, 350 Broadway, New York 10013
(or) CANADIAN EDELSTAAL
47 Granger Ave., Scarborough,
Ontario, Canada
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LOSS OF ENERGY BY A VORTEX RING can be measured with a two-grid system. A
force (F,) applied between the source of the voriex rings (S) and the first grid (4) deter-
mines the energy with which the ring enters the region past the grid. A second force (F,),
applied between the second grid (B) and the collecting plate (C), is adjusted until the
ring cannot quite reach the plate. This opposing force is measured; the difference between
it and the initial force determines energy lost by the ring in the region between the grids.

raised to .7 degree, it can travel only
.1 centimeter before losing the same
amount of energy.

"T"he series of experiments described

-in this article has made possible
exceptionally detailed studies of the
behavior of vortex rings in a nearly fric-
tionless fluid. Their most significant re-

sult, however, is the demonstration that
matter on a macroscopic scale can ex-
hibit discrete quantum effects. The
finding that vortex rings in liquid he-
lium have a strength that is precisely
equal to one quantum unit forms a
beautiful bridge between quantum the-
ory and the macroscopic world of ordi-
nary observation.

VORTEX RINGS IN WATER display some of the behavior of vortex rings in liquid
helium. In photograph at left a single ring consisting of water colored white moves from
top to bottom. With its motion stopped at regular intervals by a flash lamp, it can be seen
to increase in size only slightly. Ring at right consists of white salt water, which is of course

heavier than white plain water. With its motion stopped at same intervals, it increases in

size and slows up as it is pulled down by a net gravitational force greater than buoyancy.
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A path will lead you there—
Take an over=all view!?

Without an over-all view, it would be
virtually impossible to find the route
through this maze. Working with the
Air Force from an over-all viewpoint
to identify and define the appropriate
experiments and functions that orbit-
ing space crews will perform is one of
the vital national-defense missions of
Aerospace Corporation. Specifically:

We probe: Man is a terrestrial
animal; in space he must operate
efficiently under unique conditions of
weightlessness and emotional stress.
To anticipate these problems, Aero-
space is investigating man’s ability to
operate the equipment and to con-
duct the experiments which will
enable him to fulfill his role in space.

We plan: The program plan for
putting space crews into orbit must
consider integration of a booster, the
orbital vehicle, methods of return and
recovery, communications, and the
subsystems and tasks for an orbit
operation. The plan must divide the
program into manageable subsystems
for which responsibility can be
assigned to various contractors.
Aerospace will simultaneously devise

sequence schedules and evaluate costs.

We guide: Aerospace Corpora-
tion helps the Air Force guide the
numerous contractors involved in
studies, development, and operation
to insure a logical program. This
guidance includes technical direction

—continual monitoring of contrac-
tors, supplemented by studies and
research within Aerospace to change
the technical course when needed.

We seek: Aerospace seeks engi-
neers and scientists, preferably with
advanced degrees, who have achieved
recognition in their field and can con-
tribute to the solution of challenging
problems. If you are such a man,
there may be an important position
open for you. Please write Mr. S.L.
Robinson, Room 120, Box 95085,
Los Angeles, California 90045. An
equal-opportunity employer.

The problem in the maze is to find the path
from the earth at the center into space at the
arrow. (From Mazes and Labyrinths, a Book of
Puzzles, by Walter Shepherd; Dover Publica-
tions, Inc., New York 14, N.Y.)

AEROSPACE CORPORATION

Organized in the public interest and dedicated to providing objective leadership in the advancement and application of

space science and technology for the United States Government.
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MATHEMATICAL GAMES

On polyiamonds: shapes that are

made out of equilateral triangles

l)y Martin Gardner

will publish Polyominces, a book

of great interest to many readers of
this department. The author is Solomon
W. Golomb, a mathematician associated
with the California Institute of Tech-
nology’s Jet Propulsion Laboratory and
professor of engineering and mathe-
matics at the University of Southern
California. It was in 1953 that Golomb,
then a student at Harvard University,
coined the term “polyomino” for any
flat figure formed by joining unit
squares along their edges. Since a “dom-
ino” consists of two attached squares,
Golomb proposed calling a three-square
figure a “tromino,” a four-square figure
a “tetromino” and so on.

Among puzzle fans the 12 pentomi-
noes—all the different ways of uniting
five unit squares—proved the most pop-
ular. They were the topic of this de-
partment in December, 1957, and again
in November, 1960. So intriguing were
the combinatorial problems posed by
these 12 little shapes that working with
them became something of a national
pastime. Sets of plastic pentominoes
were marketed both in this country and
in Britain, and Golomb found himself
swamped with suggestions for new
problems and requests for more infor-
mation. Now, to the delight of all pen-
tomino bufts, he has assembled in one
profusely illustrated volume everything
of interest currently known about the
pentominoes and their square-cornered
cousins.

This month we consider a triangu-
lar cousin. It is mentioned briefly in
Golomb’s book and there are scattered
references to it in a few journals, but
most of what is known about this new
recreation has been discovered so re-
cently that it appears here for the first
time. It is a field with many funda-
mental problems yet to be solved and
a rich supply of patterns and theorems
still to be discovered.
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In February, Charles Scribner’s Sons

Golomb had pointed out as early as
1954, in an article on polyominoes for
the American Mathematical Monthly,
that a recreation similar to polyominoes
could be based on pieces formed by
joining unit equilateral triangles. A
Glasgow mathematician, Thomas H.
O’Beirme, writing in the New Scientist
in 1961, proposed calling such shapes
“polyiamonds.” Taking his etymological
cue from Golomb, O’Beirne reasoned
that if a “diamond” consists of two at-
tached triangles, a figure formed by
three triangles should be called a “tri-
amond,” four triangles a “tetriamond”
and so on up through “pentiamond,”
“hexiamond,” “heptiamond” and higher
n-iamonds. Obviously there is only one
form of diamond and triamond, and the
reader can quickly convince himself that
there are three tetriamonds and four
pentiamonds. (As with polyominoes,
mirror reflections of asymmetrical forms
are not usually considered different.)
The hexiamonds, by a pleasing coinci-
dence with the pentominoes, are exactly
12 in number. There are 25 heptia-
monds. Beyond this no accurate counts
have been established.

The 12 hexiamonds are shown in the
illustration on the opposite page with
appropriate names, most of them first
proposed by O’Beirne. The reader is in-
vited to copy these 12 shapes on a sheet
of cardboard and carefully cut them out.
The coloring on the shapes should be ig-
nored. It is best to use cardboard that is
the same on both sides, so that asym-
metrical pieces can be turned over at
will. It is good to have a supply of iso-
metric paper on hand for ease in re-
cording patterns.

It is obvious that any pattern formed
by two or more hexiamonds must con-
tain a number of unit triangles that is
evenly divisible by 6. \WVe can go further.
By coloring the pieces as shown we see
that every piece except the last two
(sphinx and yacht) are “balanced” in the
sense that they contain three triangles
of each color. Therefore any figure made
by fitting together two or more balanced
hexiamonds must itself be balanced.
The yacht and sphinx are each un-
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balanced four to two. If one of these
pieces appears in a figure, the figure
must be unbalanced by an excess of two
triangles. If both pieces are used, the
figure must be either balanced (the
yacht and sphinx being so placed that
they compensate for each other) or un-
balanced with an excess of four tri-
angles. This provides a powerful check
for eliminating many figures that other-
wise might be thought possible.

Consider, for example, the equilateral
triangle of order-6 [top of illustration
at top left on page 126]. It contains 36
unit triangles; it is the only triangle
within the range of the 12 hexiamonds
that has a number of unit triangles even-
ly divisible by 6. One could waste many
hours vainly trying to construct this
triangle with six hexiamonds. If it is
colored as shown, however, we find that
it contains an excess of six triangles
of one color. Since the maximum achie-
vable excess is four, the figure is seen at
once to be impossible.

Attention turns naturally to the paral-
lelograms. Only the 3 X 3 and 6 X 6
diamonds (rhombi) contain the proper
number of triangles. The smaller dia-
mond is easily found to be impossible,
but the 6 X 6 has scores of known solu-
tions. One solution, by Maurice J. Povah
of Blackburn, England, is shown at the
top of the illustration at bottom right
on page 126. It is interesting on two
counts: all pieces except the hexagon
touch the border, and a line divides the
pattern into congruent halves. The
halves can, of course, be fitted together
in other ways to make bilaterally sym-
metrical figures.

Among the rhomboids (parallelograms
with oblique angles and unequal ad-
jacent sides) these facts are known:

1. If one side is 2, the other side
must be a multiple of 3. The 2 X 3 is
impossible. The 2 X 6 has one solution
(ignoring independent reflections of the
two halves), shown in the illustration
at bottom left on page 126. It is easy
to prove that only these four pieces are
usable in any rhomboid with a side of
2. The rhomboidal piece leaves a space
alongside it that cannot be filled, and
each of the other pieces divides the
figure into two areas, both of which con-
tain an odd number of unit triangles.
Since an odd number cannot be a mul-
tiple of 6, no other rhomboid with a side
of 2 is possible.

2. If one side is 3, the rhomboid will
contain a multiple of six triangles. The
3 X 3 is impossible. The 3 X 4, 5, 6, 7,
8, 9 and 10 are all possible, each with
many solutions.

The 3 X 11 is possible, but it is so
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The only possible rhomboid with a side of 2
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difficult to achieve that I leave this as
an advanced exercise for the reader. In
all known solutions (one will be given
in this department next month) the bat
is the piece left out. It is not known if
there is a solution with some other
piece omitted.

The 3 X 12, which calls for all 12
hexiamonds, is the outstanding unsolved
problem in the field. No solution has
been found, nor has an impossibility
proof been devised. Can any reader cast
light on this problem?

3. If one side is 4, the other must
be a multiple of 3. The 4 X 3 (men-
tioned earlier as 3 X 4) is possible. So
is the 4 X 6. The 4 X 9, which uses all
12 pieces, has many solutions, one of
which is shown in the illustration at bot-
tom right. The shaded sections can be
reflected to give three other solutions.

4. If one side is 5, the only rhomboid
with a suitable number of triangles is
the 5 X 6. There are many solutions.

Charles H. Lewis of Roslyn, N.Y., was
the first to propose ring-shaped figures
such as the two at the bottom of the
illustration at the left. It is easy to show
that the triangular ring is impossible
by coloring it and observing that it is
unbalanced by six triangles. The hex-
agonal ring is balanced, but a simple
impossibility proof was discovered by
Meredith G. Williams of Washington,
D.C. The hexagon can go in only two
positions, all others being derived by
rotating or reflecting the figure. In either
position it is impossible to add the lob-
ster without dividing the remaining field
into two regions, neither of which has
an area that is a multiple of 6.

Many patterns with threefold sym-
metry have been constructed. Hexagons
of order-2 and order-3 exist, as is evi-
dent from the order-3 hexagon found
by Adrian Struyk of Paterson, N.]J. [see
“a” in illustration on opposite page].
Struyk also found several ways to make
the trefoil shape shown in b in the illus-
tration. This arrangement permits the
moving of one hexagon to make a
straight chain of three joined hexagons.
In ¢ Struyk has bisected the trefoil
into congruent halves, and in d he has
produced a pattern that can be folded
around a regular octahedron. The il-
lustration on page 128 features a vari-
ety of striking hexiamond patterns, of
bilateral and threefold symmetry, dis-
covered by Povah. Note that the figure
at top right contains a solution to the
problem of forming three congruent
shapes using all 12 pieces.

The duplication problem—forming
twice-as-high replicas of each hexia-
mond by using four pieces—is easily
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solved for each figure. As Lewis has
pointed out, the two halves of the 6 X 2
rhomboid [see illustration at bottom
left] can be fitted together in various
ways to duplicate all hexiamonds except
the pistol, crown and lobster. The tripli-
cation problem—forming larger replicas
with nine pieces—cannot be solved for
the sphinx and yacht, which are unbal-
anced by six triangles. The other pieces
are balanced, and triplications have
been found for all except the butterfly.
The butterfly is believed to be impos-
sible, although no proof has been formu-
lated.

In the bottom illustration on page
130 is Povah’s solution to what is called
the “three twins” problem. In the top il-
lustration on the same page is shown a
six-pointed star that has an eight-piece
solution that is believed to be unique. It
is not difficult, and solving it is an excel-
lent introduction to the pleasures of hexi-
amondry. Here is a hint: Neither the
snake, the hexagon nor the crown can
contribute to the star’s perimeter. The

P

Parallelograms involving all 12 hexiamonds



star’s only known solution will be given
next month.

Est month’s problems, involving limits,
are answered as follows:

If Achilles runs seven times faster
than the tortoise, which has a head
start of 100 yards, the total distance
Achilles travels, before overtaking the
tortoise, is the limit of the series

100 , 100
7 77

100
Tt

Each term is seven times the next

term. Using the trick explained last
month, we let x equal the series, then
multiply each side by 7:

100 , 100

The series, after 7, is the original
series. Therefore 7x = 700 + x, or 6x =
700, and x = 116%, the number of yards
Achilles travels.

The bouncing ball comes to rest after
traveling a distance equal to the first
foot that it falls, plus the sum of 2/3 +
2/9 4 2/27 + .... The same procedure
is applied (multiplying by the constant
factor of 3) to obtain a limit of one
foot for the series. Thus the total dis-
tance traveled by the ball, before it
comes to rest after an infinite number of
bounces, is 1 + 1, or two feet.

The Hungarian problem of the col-
ored squares calls for the limit of the
following series:

1 8 83
_()+¢+$5‘+.()*+

This is also a geometric progression,
with each term 9/8 of the next one. As
before, we can use the algebraic trick
explained last month, or—what amounts
to the same thing—use the following
formula for the sum of a converging
series in geometric progression:

x—1

where r is the ratio of adjacent terms
(in this case 9/8) and x is the largest
term of the series (in this case 1/9).
The limit is 1. Therefore as the number
of coloring operations increases with-
out bound, the colored area of the unit
square approaches the area of 1. In
other words, the limit is a fully covered
square. Of course this could be achieved
in practice only if a coloring procedure
could be devised in which the time re-
quired for each step would decrease in

Hexiamond patterns made by Adrian Struyk. Bottom pattern covers a regular octahedron

a converging series. The problem was
taken from Hungarian Problem Book 1,
translated by Elvira Rapaport, in the
Random House New Mathematical Li-
brary.

L\ number of readers responded to the
+ 3 request for pangrams. Walter G.
Leight of the Franklin Institute’s Cen-
ter for Naval Analysis sent Cozy sphinx
waves quart jug of bad milk (32 letters),
Blowsy red vixens fight a quick jump
(30) and Quick jigs for waltz vex bad
nymph (28). The last is an improvement
over a similar pangram given in Sep-
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tember because it eliminates the name
“Bud.” Proper nouns, abbreviations,
initials and so on are considered blots
on pangrams.

John G. Fletcher of Pleasanton, Calif.,
sent the best 26-letter pangram, which
he says is due to the mathematician
Claude E. Shannon: Squdgy fez, blank
jimp crwth vox! A crwth is a stringed
instrument of Welsh origin. “Jimp” is a
Scottish word for “thin,” “slender,” “del-
icate.” (“I see thee dancing on the green,
thy waist sae jimp,/Thy limbs sae
clean,” wrote Robert Burns.) The sen-
tence is spoken by a man of the Near
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HAYDY

MAX GOBERMAN

Conducts the Vienna
State Opera Orchestra

“These Haydn symphonies spar-
kle. Library of Recorded Master-
pieces disks are among the best of
their kind. It is very unlikely that
any other record company will offer
them competition.”

—Paul Henry Lang,
N.Y. Herald Tribune

“Recordings of exceptional qual-
ity. Mr. Goberman has an ex-
traordinary knowledge of Haydn’s
style.” —London Times

Selected “Best of the Month” three
times and ‘“Recording of Special
Merit” six times by HiFi/Stereo.

32 Haydn masterpieces are now
available—in mono and stereo with
the finest recording techniques—
including the “Morning, Noon and
Night” cycle, “Maria Theresia,”
“La Passione,” “The Schoolmas-
ter,” “Il Distratto,” ‘“‘Lamentati-
one,” and “The Philosopher.” Some
recorded for the first time; others
for first time in stereo; many for
the first time correctly played from
original scores with authentic in-
strumentation supervised by the
noted Haydn scholar, H. C. Rob-
bins Landon. As with its famous
VIVALDI, LRM includes the com-
plete orchestral scores with each
record.

You will agree with High Fidelity
Magazine: “Goberman seems to be
as authoritative a spokesman as
Haydn has had in many years. The
performances are wonderfully true
to the spirit.”” You are invited to
send now for full details.

Write today for free Prospectus,
“HAYDN”

Library of Recorded Masterpieces
Dept. S-8
150 W. 82nd St., N.Y. 24, N.Y.
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East to his short, squat fez as he pulls
it down over his ears to blank out the
thin, delicate voice (notes) of a crwth
being played nearby. Vic Reid, ]Jr.,
of New York City reports that while
Caesar’s legions were encamped one
night by a northern lake, they were ap-
proached by 15 mermaids who tried
vainly to persuade the men to dance
with them on the water. A war corre-
spondent cabled 26 letters to his Roman

editor: XV quick nymphs beg fjord
waltz.

Several readers called attention to

other answers to the quiz about
eight curious words. Absconded can,
of course, be substituted for absconder.
Dmitri Borgmann writes that in addi-
tion to typewriter the following 10-
letter words can also be typed on the
top row of letter keys: proprietor, pep-

—f

Symmetrical hexiamond patterns made by Maurice J. Povah
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NOW, WHO THOUGHT THAT

For aeons, man has looked up to the stars...wondering...questioning. = Now, at last,
age-old questions of what lies beyond his farthest gaze are being answered by dedi-
cated, down-to-earth thinking. m At Lockheed Missiles & Space Company's Research
and Engineering Center in Huntsville, Alabama, a select group of scientists and
engineers are supporting NASA's Marshall Space Flight Center in evolving new aero-
space concepts designed to extend man's outward reach. m Such imaginative men,
schooled in logic and skilled in shirt-sleeve know-how, explore a thousand
thoughts each day. m What might you think up in this distinguished company? = An
advanced degree in AE, ME, EE, Physics or Applied Mathematics, and a flair for
analytical thinking are required. Areas of study include: Guidance, Flight Mechanics,
Astrodynamics, Advanced Control Theory, Analog Computation. m We invite your
inquiry. Write: Lockheed Missiles & Space Company, Huntsville Professional Staff,
P.O. Box J504, Sunnyvale, California. m An equal opportunity employer.
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LOCKHEED

MISSILES & SPACE COMPANY

A GROUP DIVISION OF LOCKMHEED A/RCRAFT CORPORATION
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AMATEUR
TELESCOPE
MAKING

Edited by Albert G. Ingalls

Book One

497 pages, 300 illustrations
$5.00 postpaid. $5.35 foreign

Book Two

650 pages, 361 illustrations
$6.00 postpaid. $6.35 foreign

Book Thiee

644 pages, 320 illustrations
$7.00 postpaid. $7.35 foreign

Send postcard
for descriptive circular

SCIENTIFIC
AMERICAN

415 Madison Avenue, New York 17, N. Y.
(Restdents of New York City please add 4% sales tax)

For Christmas
Give a Rare
Musical Experience

O GREAT
MYSTERY

(O Magnum Mysterium)

THE CANBY SINGERS, conducted by distin-
guished musicologist Edward Tatnall Canby,
sing unaccompanied music of the 16th and
17th Centuries ... works of Victoria, Byrd,
Lassus, Schutz, Schein, Franck, Monteverdi.
Magnificent music whose serene beauty you
owe it to yourself to discover now,

‘‘Performances . .. notable for their intelligence, taste
and musical excellence,”’ said the N.Y. Herald Tribune
of The Canby Singers in concert.,

12 inch LP record available in
monaural or stereo.

At your record dealer on Nonesuch label,
or send $2.50 to The Canby Singers, 780
Greenwich St., New York, N.Y. 10014,
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perwort, pepperroot and protopteri.
Others (from W. H. Shepherd of Man-
chester, England): perpetuity, reper-
toire, perruquier, pewterwort and pirou-
etter. Borgmann goes on to say that
gymnopedia, limnophile and somnopa-
thy are other 10-letter words with mnop
in the same spot as in gymnoplast (al-
though he prefers the sentence I am no
prude), and pareciously and materiously
are alternates for facetiously in having
the vowels and y in alphabetical order.

tuart G. Schaeffer found another,

more timely solution to the “cares—

caress” riddle, which he expressed in
what he calls “shaggy doggerel”:

A century and more ago
Clairvoyant Englishmen did know
That in the twentieth century
Tranquillity would shattered be,
And so suggested bitter noise

Be changed to sweet and silent joys
By adding modest and conceitless
“S” to make the Beatles beatless.

The virtuosity of readers in finding

- anagrams on the full names of the
two presidential candidates makes it
impossible to do justice to the hundreds
of ingenious anagrams received. Curi-
ously each candidate’s name involves a
similar difficulty: taking care of the five
N’s in Lyndon Baines Johnson and the
five R’s in Barry Mormris Goldwater.
Dmitri Borgmann’s best for Johnson is
No ninny, he’s on job, lads. Essentially
the same anagram was submitted by
Arthur Schulman, James H. Cochrane
and Raphael M. Robinson. Hands on
only nine jobs was independently de-
| vised by Mrs. H. A. Morss, Jr., and M.

Solution to the “three ticins” problem
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Star to be made with eight pieces

and Mrs. Bruce D. Hainsworth; virtu-
ally the same phrase also came from
Mrs. E. M. Cutler and many others. The
best anti-Johnson anagram is from Wal-
ter I. Cole, Jr.: None sin? Sly hand on
job. I should add that Cole also sent the
following anti-Goldwater anagram: My
star error—a glib word.

The best anagram favorable to Gold-
water—Smart, bold, grey warrior—was
submitted by David Rabby, who also
balanced it with a favorable Johnson
anagram. Most Goldwater anagrams
stressed a fear that his policies would
provoke war. Morbid story—larger war
was discovered by both Mrs. Cutler and
L. E. Card. Among 39 clever anagrams
contributed by Mr. and Mrs. Gerald
Dantzic are Wary world’s rarer bigot;
Orders big “moral war” try! Other ana-
grams of similar import: Sorry brew,
Mr. Gladiator! (Mrs. Coburn A. Buxton),
Bald, raw, gory terrorism (Arthur Schul-
man), Sly orator bred grim war (James
H. Cochrane), Grab rest, moldy warrior
(Alan Wachtel, Phil Leslie). John de
Cuevas sent A great world! By mirrors?
Mr. and Mrs. Bruce D. Hainsworth:
Red Star big moral worry. Raphael
Robinson, a well-known mathematician,
imagined the following message signed
with Barry’s first initial: Glory! I storm
rearward. B. To which Robinson added
the following prayer for a Goldwaterloo:
Lord, bar grim worst year!

A short note from Dr. Matrix explains
+ & his cryptic number, 13212, reported
in October, which he said concealed the
name of the next president of the
United States. The number is parti-
tioned 13-21-2, then taken in reverse
order. The second, 21st and 13th letters
from the end of the Pledge of Allegiance
to the Flag are L. B. J.



Advanced concepts
in ASW are taking off with the T56
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Take the P-3A Orion, power it with four Allison T56
turboprop engines, and you've got the best opera-
tional ASW aircraft in naval history.

Now—and for years to come.

Today, the P-3A operates economically over great
range at high or low altitudes, fast or slow speeds.
T56 power enables it to meet demanding multimis-
sion requirements.

In the future, the T56 can be modified with air-
cooled turbine blades. This will lengthen engine

" How Allison is on target in Anti-Submarine Warfare with turboprop power

life. Cut maintenance costs. Improve hot-day take-
off performance. Boost rate of climb. Extend range.
Raise cruise ceiling.

Satisfying advanced concepts in ASW with turbo-
prop power is another example of how Allison’s de-
fense, aerospace and nuclear projects are on target.

1SOT) @
THE ENERGY CONVERSION DIVISION OF m
GENERAL MOTORS, INDIANAPOLIS, IND.
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New IBM SYSTEM/360 {ills all your scientific data processing needs

Solve problems faster

How long do you have to wait before
you get an answcr from your computer?

How often do you have to segment a
big or complex problem and solve it a
piece at a time?

How often have you wished for a sys-
tem that would exactly fill your needs?

sysTEM/g60 can help you with these
problems. This is a brand new approach
to the design and the use of computers.
It is an all-purpose binary system that
you can tailor to handle anything from
a simple regression analysis to real-time
processing and control.

Major design innovations make all
this possible.

Throughout systEM/360, you'll find
new smaller, faster micro-circuits like
the onc shown in the photo.

We manufacture the tiny chip tran-
sistors (only o.025 inch on a side), use

new graphic arts techniques to assemble

them into printed circuits, then perma-

nently scal each circuit module.
Memory is also news in systTEM/g6o.

You can get the largest, low-cost, high-
speed memory ever offered.

Main core memory comes in sizes up
to 512,000 characters (8-bit characters
that you can pack with 4-bit numerical
characters). To this, you can hook on up
to eight million more characters of 8-us
bulk core memory. You can directly ad-
dress both main and bulk memory.

A completely new organization in-
side the central processor speeds proc-
essing, simplifies programming. The
system works on several problems simul-
taneously and moves {rom job to job
automatically. You can delete, change
or add data in big blocks or a character
at a time with simple programming
instructions.

All this adds up to more thruput, bet-
ter machine utilization and faster an-
swers to problems.

Custom-fit the system to the job

With systeM/g60 you pick and choose
from the broadest array of input/out-
put devices and processing power ever
oftered in one system. You can select
from tapes, direct-access storage, print-
ers, communications terminals, card,
paper tape and character readers and
visual display devices.

You install only as much capacity and
only those devices you need right now.
You don’t buy a bigger system than you
need. You don’t squeeze your problem
into a system that’s not quite fast enough
or not quite big enough.

Even the programming system is mod-
ular. You can tailor it to fit your job.

When you want to add new applica-
tions, you can increase power or change
the configuration without revising most
of your programs. Virtually any program
that works on a small configuration can
work on a larger one. The same goes for
your programming system and input/
output devices.

sYSTEM/g60 solves today’s problems
efhciently. It expands, without a lot of
costly reprogramming, to solve tomor-
row’s problems.

It's an all-purpose computer

sysTEM/g60 helps out with linear pro-
gramming, design engineering, statisti-
cal analysis, data acquisition and reduc-
tion, data communications and many
other jobs.

The system gives you single-and-dou-
ble-precision floating point arithmetic
that handles anything from 10-75 to 1073
to 15-digit accuracy.

Two of these systems can sharc main
memory, files, or tapes.

SYSTEM/$60 comes with improved FOR-

TRAN and cosoL compilers and provi-
sion for ASCII (American Standard
Code for Information Interchange). It
can handle any 8-bit code, either binary
or decimal, and translate from one code
to another.

While it’s handling scheduled pro-
grams, sysTEM/360 can take in data or
messages from up to 256 communica-
tions lines and store them. Or it can in-
terrupt the running program to process
a priority message.

It protects the data in storage, the
program being run and the informa-
tion coming in.

It answers inquiries in print or dis-
plays them on screens anywhere that
answers are needed.

This new systEM/360 speeds han-
dling of communications, prevents de-
lays during peak periods.

More information. There’s lots more
you'll want to know about systEM/g60.
Call your 1B) representative.
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Conducted by C. L. Stong

till another charming experiment
S has been inspired by the kitchen
sink: a dynamic model of the
gravitational field. The field is repre-
sented by a soap film stretched across a
loop of wire, and orbiting bodies are
represented by drops of soap solution
that glide over the film. The weight of
the drops distorts the film much as the
presence of massive bodies in space dis-
torts the gravitational field. For this
reason the new model demonstrates not
only the relative motion of gravitating
bodies but also the perturbations that
arise as a consequence of their interac-
tion. Gregory Yob of Carmichael, Calif.,
was able to develop the experiment as
a result of happenstance.

“Recently, while washing the dishes,”
he writes, “I lifted a water glass upside
down from the pan and noticed that a
film of soapy water had formed across
the mouth of the glass. As I watched
the film some water from my wet hand
ran down the side of the glass and onto
the film, distorting it into a funnel-like
shape. When I shook the glass, several
droplets that hung from the film went
into orbit, much like the movement of
the planets around the sun. The orbits
were somewhat erratic and did not last
very long because I could not hold the
film level or keep it still. As soon as the
dishes were finished I made a rigid
support for the film.

“My first attempt was a crude ring,
made from the wire of a coat hanger
clamped in a vise. To form the film I
lifted a pan of soapy water under the
ring so that the wire was submerged and
then I lowered the pan gently. I put
water droplets on the film with a medi-
cine dropper. A drop launched near the
edge would spiral toward the center
and finally come to rest. I could control

Muainlyv on simulating gravitational fields

with droplets of water on a soap bubble

the shape of the spiral by moving the
dropper tangentially when releasing the
drop. I could easily simulate the orbit
of a single body, as conventionally dem-
onstrated by gravitational models that
consist of a suitably curved surface of
plastic or stretched rubber on which a
rolling sphere represents the orbiting
body [see “The Amateur Scientist,”
SciENTIFIC AMERICAN, October, 1938].
With a little practice I soon learned
how to simulate a number of other
gravitational effects, including the orbits
of several bodies about each other, tidal
effects, the formation of stars and the
reentry of a missile or a satellite into
the earth’s atmosphere. All are demon-
strations that cannot be made with the
solid models.

“To measure these phenomena I
made another apparatus that consisted
of a ring assembly to hold the film, a
stand, a pan of soap solution and some
leveling wedges [sec top illustration on
opposite page]. With this apparatus 1
measured the static properties of the
film, such as its shape, rate of evapora-
tion and surface tension.

“For the ring I used about 60 cen-
timeters of three-millimeter copper-
coated steel welding rod bent into cir-
cular form 20 centimeters in diameter.
The ring should be reasonably circular,
but it does not have to be perfect. (A
substitute material for the ring, if one
is desired, should be nonporous and at
least three millimeters thick, otherwise
it will not hold a film long enough for
experiments.)

“The ends of the wire ring were sol-
dered together in the form of a butt
joint. A supporting crossarm was made
from a 30-centimeter piece of the same
kind of rod. This stiffened the ring and
also served as a base line for measuring
the shape of the film. The ends of the
crossarm were bent down at right angles
to make brackets about three centime-
ters long and were soldered to the ring.
This arrangement provided a conve-
nient space between the crossarm and
the film. The ends of the crossarm were
attached to the ring at p()ints remote
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from the butt joint so that the joint
would not be damaged by the heat of
subsequent soldering. Half of the cross-
arm was calibrated for length by a series
of file notches at one-centimeter inter-
vals from the center of the ring [sec
bottom illustration on opposite pagc].

“To attach the ring and crossarm to
the stand I soldered two 23-centimeter
rods vertically to the unmarked side of
the crossarm, one at the edge and the
other about two centimeters from the
center point. The ring assembly was
painted black and the file marks white.
The vertical rods were pushed into
close-fitting holes drilled in a wooden
stand shaped like a C. The stand rested
on three wedges. The pan of soap solu-
tion was placed on the base.

“My soap solution consisted of one
part of Liquid Lux detergent and 19
parts of tap water. Other detergents
tended to produce a viscous area in the
center of the films that impeded the free
travel of the droplets. The pan was
placed about 20 centimeters below the
ring and the solution was some three
centimeters deep.

“To make a film the pan is gently
raised until the ring is immersed, then
slowly lowered until the film separates
from the solution. I found that if the
crossarm was immersed in the solution,
a second film would form that distorted
the main film. When the crossarm is not
immersed, the single film will last about
three minutes in still air.

“As an initial experiment I timed the
average life of a film with a stopwatch.
The film bends downward slightly un-
der its own weight, causing the liquid to
flow toward the center. After about one
minute enough liquid has drained so
that the edges of the film take on the
characteristic interference colors of a
soap bubble. During the second minute
the edges turn black and the coloring
extends almost to the middle of the film.
By the end of the third minute the
color has reached the center. The film is
easily broken at this stage and is almost
useless for experimentation. Films usu-
ally break during the fourth minute.



“To measure evaporation from the
film I made a distortion gauge: a small
copper wire coated with black enamel
that was scratched at one-millimeter in-
tervals. One end was wrapped around
the crossarm near the center so that the
remainder extended down into the film.
The point at which the film made con-
tact with the wire was recorded at 10-
second intervals until the film broke.
The evaporation rate appeared to be
constant, as I expected, because the area
of the film remains constant during its
lifetime.

“I found the shape of the film by
sliding the measuring wire along the
crossarm and observing the point of in-
tersection between the film and the wire
at one-centimeter distances. The un-
loaded film appeared to be roughly
spherical. Determination of its true
shape would require a more precise
method of measurement.

“To find the approximate shape of
the film when it was loaded by a drop-
let T first centered the droplet in the
ring by adjusting the wedges to level
the stand and then measured the film
shape as before. A graph of these mea-
surements resembled the inverse-square,
funnel-shaped curve used in the solid
simulators. Attempts to measure shape
when the film was loaded with two
drops failed. One drop or the other
would fall off, so I settled for synthetic
loading. I achieved that by attaching
to the crossarm a small ring of the same
wire used for the distortion gauge. The
ring could be placed in contact with
the top side of the film at any desired
position on the vertical axis and would
thus distort the film any desired amount.

“The weight of a droplet was mea-
sured by determining the number of
drops required to make a gram of
liquid. The medicine dropper I used re-
leased drops of about .024 gram. I mea-
sured the surface tension of the soap
solution by using a balanced rod and
finding the force required to lift it clear
of the solution. The method indicated
a surface tension of .03 gram per centi-
meter, about half that of pure water.

“After making these static measure-
ments I began experimenting with the
orbits of drops and with tidal effects.
To investigate the velocity of the drops
I needed an accelerator for shooting
drops onto the film at controlled speed
and direction. My first two attempts to
make an accelerator—one with a pen-
dulum and one with a film placed at an
angle to the main film—were unsatis-
factory.

“The final model consists of a pipette
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Arrangement of small ring for distorting soap film

that injects a drop into a jet of air that
acts as the accelerator. It works beauti-
fully. The air jet is formed by a glass
nozzle that makes approximately a right
angle with the glass tubing from which
it was formed. The diameter of the noz-
zle is about three millimeters. An adjust-
able rubber sleeve near the opening of
the nozzle helps to preserve the stream-
line flow of the jet. A rubber tube con-
nects the nozzle to a glass Y joint. A
clothespin on the rubber tube serves as
a pinch clamp for regulating the flow
of air. From one arm of the joint a
rubber tube is connected to a mouth-
piece; the tube from the other goes to
a water manometer. Oscillations of the
water column in the manometer are sup-
pressed by a check valve. The valve
consists of the neck of a toy balloon

and a paper clip. One end of the rubber

to manometer
and mouthpiece

=3 = droplet

tube is slipped over the open arm of
the manometer and the free end of the
tube is weighted by the paper clip.

“When the clothespin and the rubber
sleeve of the nozzle are properly ad-
justed, droplets released by the pipette
can be accelerated smoothly. A needle
valve at the top of the pipette controls
the rate at which drops are released
[see illustration below].

“To calibrate the accelerator I placed
the nozzle 19.6 centimeters above the
soap solution. That is the distance at
which drops require .2 second to fall to
the pan. The horizontal distance trav-
eled by the drop at various pressures,
as indicated by the manometer, was
then measured. By multiplying the hori-
zontal distance by 5 I found the veloc-
ity of the drops in centimeters per sec-
ond. Velocity was then plotted against
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Equipment for accelerating a drop of water
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the manometer pressure. By referring
to the graph I could launch a drop onto
the film at any desired velocity.

“Having calibrated the apparatus, I
observed the orbit of a drop around a
stationary body by launching a drop
around the distorting ring. After several
elliptical orbits the drop spiraled in to
collide with the ring, simulating the
orbital decay of a satellite around a
massive body.

“My second experiment was to ob-
serve the orbital decay of two drops of
equal mass. First I put one drop in the
center of the film and then launched
the other around it. In this case I found
that I could shoot the drop more easily
by hand than with the accelerator. The
orbiting drop first spirals toward the
stationary drop. As the spiral decreases
the center drop begins to spiral outward
until both drops orbit around a common
center, separated by some three centi-
meters. When drag decelerates the sys-
tem until the objects are spaced about
one centimeter apart, both drops be-
come radially elongated, simulating
tidal action. The model is imperfect in
one major respect: the velocity of the
bodies decreases as they spiral inward
instead of increasing as in the case of
celestial objects. When the tidal bulges
finally make contact, the more massive
drop of two that are unequal in size
usually absorbs the smaller one. By col-
oring one drop with ink and waiting
until both drops coalesce one can see
that the central body spins violently on
its axis. This phenomenon suggests the
conservation of angular momentum. The
entire sequence normally takes six or
seven seconds. The use of an immiscible
fluid such as cooking oil for the drops
reduces friction and provides a longer
show, but the tides and the capture of
the drops are not as easily seen. When
I used composite drops of both oil and
water, the tides would simulate those of
the earth (the oil) and the oceans (the
water). To photograph the bodies in the
various stages of orbital decay the drops
were colored with ink and flash expo-
sures were made against a white back-
ground.

“I found that I could provide a drop-
let with an ‘atmosphere’ by tapping the
main ring with my finger until the
droplet broke into several small parts.
At one stage, before the fluid coalesces,
the surrounding area contains some of
the drop’s liquid, simulating the atmo-
sphere. A small drop, when added to
the film as a satellite, orbits normally
until it hits the atmosphere. It then falls
directly toward the center drop, as ob-
served in the case of a reentering mis-



sile. Even some curls of turbulence are
evident.

“Another interesting phenomenon is
the simulation of the formation of a star
or a planet. This is demonstrated by
spraying fine droplets of solution onto
a fresh film with a toothbrush and let-
ting them coalesce into a drop; the
spray represents the interstellar gas
cloud and the drop the star.

“The apparatus can doubtless be
modified for demonstrating still other
interesting effects. For example, a
curved universe could be simulated by
using a saddle-shaped ring for negative
curvature or by deflecting the film by
an upward current of air to form a posi-
tive curvature. Another possibility is to
show the eftects of gravity on light by
vibrating the film and allowing the
waves to travel through the droplets. I
have not had time so far to explore fully
all the potentialities of the model. The
experiments that have been made, how-
ever, certainly support an observation
once made by the British physicist C. V.
Boys: ‘There is more in a common soap
bubble than those who have only played
with them generally imagine.””

\ hile experimenting with Leyden

jars in 1777 the German physicist
Georg Christoph Lichtenberg observed
that an electric discharge between a
pointed electrode and a conductive
plate covered with fine powder would
scatter the powder into strange and
beautiful patterns that differed char-
acteristically, depending on the polarity
of the point and the conductive plate.
The patterns subsequently became
known as Lichtenberg figures. Elric W.
Saaski of Iron River, Wis., has built a
modern apparatus for investigating the
figures and recording them by color
photography. The apparatus shows the
phenomenon in greater detail than
Lichtenberg’s.

“My apparatus,” writes Saaski, “re-
sembles the Klydonograph more than it
does the arrangement used by Lichten-
berg. Essentially the Klydonograph con-
sists of a photographic emulsion sand-
wiched between two electrodes: a
small brass disk that rests on a some-
what larger one. The small disk is
connected to the power line; the larger
one, to the ground. I substituted a water
surface for Lichtenberg’s powder and
for the photographic emulsion of the
Klydonograph. The fluidity of the me-
dium and its ability to hold ions in
solution are convenient for controlled
experimentation. When I made the ac-
companying photographs, I connected
one side of the capacitor to a metal pan

12 centimeters in diameter; the pan
contained water to a depth of one cen-
timeter. Then I moved a pointed dis-
charge electrode, which was connected
to the other terminal of the capacitor,
toward the water until a spark jumped,
discharging the capacitor and creating
the Lichtenberg figure on the surface.
“To produce the direct-current surges
for my experiments I used a power sup-
ply that consisted of a transformer, a
rectifier and a capacitor. The high po-
tential is derived from a 9,000-volt,
center—tapped neon-sign transformer
that supplies a constant current of 18
milliamperes. This output is converted
to direct current by a pair of 1B3 GT
high-voltage diodes in a full-wave recti-
fier circuit. The rectifier was built on
a plastic sheet six inches wide and eight
inches long, supported on six half-inch
porcelain legs. The full-wave circuit was
of conventional design, with the cur-
rent for the filaments supplied by a
“flyback” transformer I had rebuilt to
function as a step-down transformer on
110 volts a.c. The rectifier does not

[

have to be this elaborate, however. One
1B3 GT tube can be used in a half-
wave circuit, with the current supplied
by a common ‘D’ cell if necessary [sce
illustration below]. The maximum out-
put of the full-wave rectifier is 40 milli-
amperes at 6,300 volts (peak voltage).
I was somewhat apprehensive about the
ability of the 1B3 GT tubes to take
the current surges as the capacitor was
charged because the tubes are designed
for a maximum load of one milliampere,
but my fears proved groundless.

“The rectified current is stored in a
capacitor, the modern counterpart of
Lichtenberg’s Leyden jar. In principle
a capacitor is merely two conducting
plates separated by some type of in-
sulator. When the two plates are con-
nected to a source of direct current, an
excess of electrons accumulates on one
plate, with a corresponding deficiency
on the other. The charging voltage must
not exceed the dielectric strength of the
insulating material between the conduc-
tors or the insulator will be punctured.

“When the charged capacitor is dis-

neon-sign

‘ __00ooceee transformenr
| 0660060000600
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6o Cydes/\ V [ 44 mfd. |12 kv.
2.5 volts +
_6666660
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L transformer
Foll-Wave Power Supply
/\\lBC‘S GT
s v
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Schematic diagrams of high-voltage rectifier circuit
137

© 1964 SCIENTIFIC AMERICAN, INC



138

A positive Lichtenberg discharge

A negative Lichtenberg discharge
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connected from the source of current
and a circuit is completed from one
plate to the other, electrons flow until
the difference in potential is equalized.
By stacking a number of insulated plates
and connecting alternate plates it is pos-
sible to increase the capacity of the unit
to store energy. Capacitors of the size
needed for this experiment are priced
at $100 and up, depending on the con-
struction. I made one for less than $10.
The unit consists of 80 five-inch-square
sheets of aluminum foil sandwiched be-
tween 79 six-inch-square sheets of My-
lar plastic film .003 inch thick. Mylar
film has a breakdown strength of ap-
proximately 4,000 volts per thousandth
of an inch thickness. Unfortunately the
dielectric strength of substances does
not increase in direct proportion to
thickness. My capacitor operates at six
kilovolts. For safety’s sake I use Mylar
film .003 inch thick, rated at 12 kilo-
volts breakdown. Polyethylene plastic
can also be employed. The rated break-
down voltage of this material, however,
is only one kilovolt per thousandth of
an inch thickness. Both plastics can be
ordered through most hardware stores
and mail-order houses in the forms
used for protecting machinery from the
weather.

“Since aluminum generally cannot be
bonded to other metals, I found it best
to cut each capacitor plate and its ex-
ternal lead from a single piece of foil.
Plates cut five inches square with a
lead one inch wide and five inches long
utilize the 12-inch width of a roll of
aluminum foil without waste. Alterna-
tively plates can be cut 10 inches on
a side with a lead two inches wide.
This saves time and yields a more effi-
cient capacitor because the leakage of
charge from the larger plate is 50 per-
cent less than for an equal area consist-
ing of smaller plates.

“The size of the available container
must also be considered when one is
choosing the dimensions of the plates.
My assembly was potted in a sheet-
metal box six and a half inches wide,
two inches deep and eight inches high.
It is lined with plastic sheeting. The
negative plates are clamped to the metal
box; the positive series, to an insulated
terminal on top. After the assembly
was completed the container was filled
with transformer oil, an insulating fluid
bought from our local power company.
Mineral oil or any nonreactive liquid
can be used, but transformer oil is effec-
tive and cheap. Although a capacitor
will work in air, the intense electric
field between the plates produces ozone.
Gradually the ozone weakens the dielec-



ELEMENTARY SEISMOLOGY

Charles F. Richter, California Institute of
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“[A] fascinating and beautifully illus-
trated account of the earth’'s shivers...
Although intended primarily for students,
the book includes much valuable material
for instructors and research workers. Rich-
ter has unlocked the mysteries of seis-
mology for all who are interested in the
earth.”
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A comprehensive review of evidence con-
cerning the hydrogen bond, its nature, and
its influence on chemical properties. In-
cludes a 2,000-entry bibliography. “‘The
book...is recommended with unreserved
enthusiasm. The authors have achieved
that rarity in specialized scientific writing,
a monograph which the nonspecialist will
find readable and interesting and yet will
appeal to the expert for its thoroughness,
comprehension, and usefulness as a
reference.”
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BUTYL RUBBER LINING MANUFACTURED BY UNITED STATES RUBBER CO.

what’s a chemical company doing
to put a lake on top of a mountain?

A week ago there was only a bleak,
arid mountain top. A week from now
there will be tens of thousands of
gallons of fresh, pure water. The cre-
ation of this lake, with almost mirage-
like swiftness, is being made possible

by a water-tight lining of Enjay butyl
rubber. Flexible, almost ageless,
Enjay butylis being used to line farm
ponds, irrigation ditches, city and in-
dustrial reservoirs—to collect and
save ever-scarce water. Butyl rubber

is only one example of Enjay devel-
opment work that is providing new
answers for industry. Perhaps we can
help solve a problem for you. Enjay
Chemical Company, 60 West 49th
Street, New York, N. Y. 10020

HUMBLE OIL & REFINING COMPANY - ENJAY CHEMICAL COMPANY DIVISION @

Anticipating tomorrow’s needs today —in chemicals . elastomers .
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tric, causing the material to rupture.

“The capacitance of the unit, ap-
proximately 44 microfarad, was de-
termined by the formula C = 2.24 X
107 KA/d(n — 1), where C is the ca-
pacitance in microfarads, K is the di-
electric constant, A is the area of one
side of one plate in square inches, d is
the thickness of one dielectric sheet in
inches and n is the number of plates.
The dielectric constant of polyethylene
is 2.4, that of Mylar about 3.

“The energy capacity of the unit,
8.8 joules, was found by the formula
J = CE?/2, where the energy capacity
in joules equals one-half the product of
the capacitance in microfarads and the
charging potential in kilovolts squared.
One joule is equivalent to one watt-
second, or 1/746 horsepower.

“To record the discharges, a 35-milli-
meter camera equipped with a closeup
lens was placed on a platform 12%
inches above the pan. The room was
totally darkened. The camera shutter
was opened. The capacitor was then
discharged. The Lichtenberg figures lit-
erally take their own picture without
need for elaborate shutter synchroniza-
tion. The correct opening of the camera
diaphragm was determined by trial.

“The flash is readily seen in the
darkened room; serpentine arms extend
from a white core as a dull reddish
flame that dwindles off into tapering
fingers of light blue. Positive and nega-
tive discharges are easily distinguished.
The former is larger and more detailed
than the relatively small and thick-
limbed negative discharge. The posi-
tive discharge has been likened to the
drainage basin of a mountain valley.

“Occasionally the spark jumps to the
side of the pan. This effect has been
ascribed to anomalies in the distribution
of ions at the surface of the water and
to the position of the discharge elec-
trode. The spark appears to be a branch
of the Lichtenberg figure, one that
usurps the available energy, thus pre-
venting the growth of the complete fig-
ure. The process by which the branch
becomes the main current-carrier is not
evident in ordinary photographs because
the brilliance of the discharge obliterates
the previous activity. Analysis of this
phenomenon by high-speed photogra-
phy would be an extremely interesting
but rather elaborate project. I have,
however, investigated one peculiarity
of these discharges without extensive
equipment. The distance a spark travels
across water can be increased sharply
by adding ions to the water in the form
of a salt. A limit is reached when the
concentration approaches approximately

150 ions per million water molecules.
The maximum discharge distance is
about 11 times greater than that of air
and three times greater than that of
distilled water. At a concentration of
only 60 ions per million water molecules
the discharge distance is still 90 percent
of the maximum distance. Below this
concentration it drops rapidly.”
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What

comes after
Project Apollo?

Two distinguished space sci-

entists believe we should ex-

plore the asteroids next. In

this provocative book, they

synthesize all that is now

known about these fascinat-

ing minor planets...make

clear their military, commer-

cial, and scientific value...

l and show why they not only

|| would be easier to explore than

the large planets but might make

particularly good sites for space
colonies.

The Challenge of the Planetoids

By DANDRIDGE M. COLE, Space
Program Analyst, General Electric
and DONALD W. COX, Lecturer,
author, formerly with NASA. Illus-
trated. $6.95, now at your bookstore.

===l cHITON BOOKS ==

SCIENCE IN THE CAUSE OF MAN
By GERARD PIEL

$1.65, now at your bookstore
RANDOM HOUSE

141



Choose any 3-values to $46%5—for only *4%

with professional membership in The Library of Science

MATHEMATICAL
RECREATIONS

1. A PROGRAMMED INTRODUC-
TION TO THE GAME OF CHESS,
by M. W. Sullivan. An extra-
ordinary adventure in the
“royal game” of chess, using
the teaching concepts of pro-
grammed instruction to make
a lucid presentation of each
phase- and each move.

LisT PRICE $6.95

2. INTUITIVE CONCEPTS IN ELE-
MENTARY TOPOLOGY, by B. H.
Arnold. For the non-specialist
—essential concepts, symbols,
and classical proofs of the
fascinating mathematics of
topology. Includes many illus-
trations, sample problems.
List PrICE $10.00

3. THE ANNOTATED ALICE. The
complete edition of Lewis Car-
roll’s two masterpieces of
nonsense humor —with witty,
informative annotations and
commentary on the jokes,
puns, riddles, puzzles, and
paradoxes. Original Tenniel il-
lustrations. LisT PrICE $10.00

4. EXPERIMENTS IN TOPOLOGY,
by Stephen Barr. Lively and
inventive collection of topo-
logical recreations: complete
instructions for simple models,
experiments, games of all
kinds, much more.

LisT PRICE $3.50

5. SCIENTIFIC AMERICAN
BOOKS OF MATHEMATICAL
PUZZLES AND DIVERSIONS, by
Martin  Gardner. Two highly
diverting books for lovers of
mathematical games and
brain-teasers that are both
simple and challenging.

LisT PRICE $7.45

FRONTIERS

OF SCIENCE

6. ASTRONOMY, by Fred Hoyle.
A beautiful book displaying
the full panorama of astro-
nomical achievement over the
centuries. With over 400 strik-
ing illustrations and diagrams.
“Fitting introduction to the
space age.”—N. Y. Times.

LisT PRrICE $12.95

7. RELATIVITY FOR THE MIL-
LION, by Martin Gardner. The
noted Scientific American
writer offers a brilliantly clear
explanation of Einstein’s theo-
ries and covers the latest con-
firmations. With many superb
drawings.  LIsT PRICE $6.95

8. LASERS, by Bela A. Lengyel.
A thorough and informative
introduction to the laser phe-
nomenon: its physics and tech-
nology. “Excellent for those
who want to begin and do
not know where to start.”—
Science. LisT PRICE $6.95

9. SCIENTIFIC CREATIVITY,
edited by Taylor & Barron. The
first attempt to use the
methods of science in under-
standing the creative scientific
process. With 31 outstanding
contributions of all aspects of
the problem. LisT PRICE $7.95

10. A PHYSICAL THEORY OF THE
LIVING STATE, by Gilbert N.
Ling. Presents a provocative
general molecular theory of
life phenomena, as well as a
bold statement of principles
derived from the study of
simple systems.

List PrICE $17.50

COMPUTER AND

INFORMATION SCIENCES

11. AUTOMATIC DATA-PROCESS-
ING SYSTEMS, by Gregory &
Van Horn. Shows how data-
processing systems are used
to make more effective and
profitable business decisions.
Step-by-step coverage of busi-
ness data flow and control.
LisT PRICE $14.35

12. COMPUTERS AND THOUGHT,
edited by Feigenbaum & Feld-
man. Twenty difficult-to-find
reports on the use of com-
puters to simulate human
thought processes and to per-
form other intelligent tasks.

LisT PRICE $7.95

13. INFORMATION STORAGE
AND RETRIEVAL, by Becker &
Hayes. Outstanding introduc-
tion to this growing and vitally
important field. Discusses
tools, techniques, theories, and
actual applications.

LisT PRICE $11.95

14. THE LANGUAGE OF COM-
PUTERS, by Bernard A. Galler.
A cogent and thoughtful over-
view of the basic character,
design, and operation of a
computer language, emphasiz-
ing its problem-solving utility
and function. LisT PRICE $8.95

15. AN INTRODUCTION TO
AUTOMATIC COMPUTERS, by
Ned Chapin. What computers
can do, how they operate,
what their demands are, and
how specific results can be
achieved. With copious illus-
trative material and a useful
glossary. LisT PRICE $7.75

16. MATHEMATICS DICTION-
ARY, by James & James. Con-
tains definitions of over 7,000
terms, concepts, and relation-
ships. Tables, formulas, sym-
bols, four-language index. 546
double-columned pages.
LisT PrICE $15.00

17. HENDERSON'S DICTIONARY
OF SCIENTIFIC TERMS. The
famed dictionary of pronun-
ciation and definition of terms
in biology, botany, zoology,
anatomy, other fields. 15,000
entries; 1750 new terms.

LisT PrICE $12.50

18. CHAMBERS’ TECHNICAL DIC-
TIONARY, edited by Tweney &
Hughes. A massive 1028-page
volume defining and pronounc-
ing over 60,000 terms in 120
branches of science and tech-
nology. LisT PRICE $7.95

19. HUMAN BEHAVIOR, by
Berelson & Steiner. The extra-
ordinary and already famous
inventory of 1,045 essential,
substantiated facts about the
human animal. A landmark in
the behavioral sciences.

LisT PRICE $11.00

20. PROBABILITY THEORY AND
ITS APPLICATIONS, by William
Feller. Up-to-date exposition of
probability theory in terms
of mathematical concepts.
Amply illustrated with prob-
lems. List PrICE $10.75

Library of Science Members
Enjoy These Advantages:

o largest selection of important books on all branches of science
and technology, including biology, chemistry, mathematics,
astronomy, physics, electronics, and many others e reduced
Member’s Prices — with savings up to 40% on all books

e free Bonus Books after every 4th purchase e no pressure to buy
—no fees or fixed subscription. Members need accept as few

as three more selections during the next twelve months,

from over 200 significant works to be made available.

Which 3 of these valuable hooks may we send you?

THE LIBRARY OF SCIENCE 128
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 Selections 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 9 10 11 12 13 14

ADDRESS . ......coiiiiiiiiiiiiiiieeaenn
CITY................STATE.......CODE....

142

© 1964 SCIENTIFIC AMERICAN, INC



by James R. Newman

very December this department
E undertakes to review a selection
of books for younger readers

about science and related matters such

as technology and medicine. Herewith
the current crop.

Physical Sciences

DiscovERING THE UNIVERSE, by Ber-
nard and Joyce Lovell. Harper & Row,
Publishers ($3.95). Sir Bernard Lovell,
director of the Jodrell Bank radio ob-
servatory of the University of Man-
chester, found that after the U.S.S.R.
had launched its first Sputnik many
visitors came to see the installation and
asked to have explained what its great
250-foot radio telescope did and how
it worked. He and Lady Lovell have
now put their answers into a splendid
book. It tells of the exploration of the
universe by optical as well as radio tele-
scopes, what this has revealed about its
structure, about stars and galaxies and
the solar system and about the specific
aims of the continuing investigations to
learn more. A clearer, more masterful
survey of the subject is hard to imag-
ine. Supported by photographs and di-
agrams, this is a choice example of the
popularization of science that is suited
equally to adolescents and grown-ups.

ExPERIMENTs IN TopoLocy, by Ste-
phen Barr. Thomas Y. Crowell Com-
pany ($3.50). The world is a queer
place, and space, although it seems to
be bland, is even queerer; this is why
topology rather than Euclidean geom-
etry is its master tailor. In the pages of
this book one can learn some of the
fundamental theorems of topology and
garner information about such strange-
nesses as the Mobius strip, the Klein
bottle, the punctured torus, the Konigs-
berg bridges, knots, sets, limit points,
Betti numbers, Euler’s theorem and
Jordan’s. This account is ingenious but

BOOKS

] wristmas survey of ne VvV OOOKS
A Christ pey w book

about science for younger readers

not easy. It is for adolescents and any-
one with mathematical tastes and spatial
imagination. Many diagrams.

ACCELERATORS OF CHARGED PARTI-
cLEs, by B. S. Ratner. The Macmillan
Company ($3.50). A sound description
by a Soviet physicist of the basic prin-
ciples of accelerators and the nuclear
reactions to which they give rise. Lit-
tle mathematics is used, and it is at
an elementary level; no prior knowledge
of physics is expected. For older teen-
agers.

ASTERISKS: A BOOK OF ASTRONOMICAL
FoorNotes, by James S. Pickering.
Dodd, Mead & Company ($4). This
book, which consists of about 130 radio
scripts by the assistant astronomer at
the Hayden Planetarium, presents cap-
sules of information on such topics as
Baily’s beads, the gibbous moon, the
nearest star, tidal friction, the conquest
of space, water on the moon and the
names of the planets. For adolescents.

THE STORY OF THE EARTHS MAG-
NETIC FIELD, by Germaine Beiser. E. P.
Dutton & Co. ($3.50). An untrammeled
account of magnetism from the first
compass (probably invented by the Chi-
nese) and the discoveries of William
Gilbert to present knowledge about such
matters as cosmic rays, changes in the
earth’s magnetic field and the Van Allen
belt. For readers of 12 and older.

SuN, Moox AND Stams, by W. T.
Skilling and R. S. Richardson. McGraw-
Hill Book Company ($5.95). A revised
and enlarged edition of an attractive,
well-illustrated book on basic astron-
omy. It discusses systematically the so-
lar system, the stars and the methods
and instruments of astronomy. For teen-
agers and adults.

A Suort History oF THE UNIVERSE,
by Arthur S. Gregor. The Macmillan
Company ($4.50). This survey of the
birth, evolution and nature of stars and
planets caters more to the needs 'of
younger readers than do the Lovells or
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Skilling and Richardson. It is written
with appealing freshness by a man who
obviously both loves the subject and
loves to teach it. A youngster of 11 or
12 may well get a healthy bite from the
astronomy bug if he runs through these
pages. Photographs and diagrams.

THE SeEconDp Book oF EXPERIMENTS,
by Leonard de Vries. The Macmillan
Company ($3.95). Easy experiments
that contribute to one’s understanding
of such matters as centrifugal force, jet
propulsion, inertia, steam power, soap
bubbles, capillarity, the Doppler effect,
airplane flight, sound reflections, sun-
spots, Foucault’s pendulum, snowfall
and evaporation. For children and par-
ents who are not all thumbs.

Praviné wiTH INFINITY, by Rozsa
Péter. Atheneum ($1.65). A paperback
reprint of a first-class introduction to
some of the ideas of higher mathemat-
ics, from transfinite numbers to Godel’s
proof. There is no index, which is inex-
cusable, but the book is worth the trou-
ble. For adolescents and grown-ups.

Tue NumBER oF THINGs, by Evans
G. Valens. E. P. Dutton & Co. ($4.95).
A grab bag of this and that, the prin-
ciple of selection being things and phe-
nomena that can be described with
numbers. Included are chapters on the
Pythagorean theorem, the golden sec-
tion, gnomons, the shape of numbers,
geometric and golden means, doubled
cubes, vibrating strings, harmony and
harmonics, mathematics and astronomy.
For readers of 14 and older.

Licat: OUR BRIDGE TO THE STARS,
by John Rublowsky. Basic Books, Inc.,
Publishers ($4.50). The steps by which
our knowledge of the nature of light has
been acquired, spanning the contribu-
tions of investigators from Galileo, Des-
cartes, Newton and Roemer to Maxwell,
Einstein and Bohr. Simply written and
well told. For adolescents.

Quick AND Easy MaTtH, by Isaac
Asimov. Houghton Mifflin Company
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(83). Tricks, stratagems and other de-
vices probably used as often by old
wives and grocery clerks as by astron-
omers and physicists. The book is de-
signed, if not to make computation a
breeze, at least to eliminate some of its
tears. For readers of 12 and older.

MeasuriNG THE UNIVERSE, by Henry
Brinton. Roy Publishers, Inc. ($3.95).
The story of how man from ancient
times has improved his methods and in-
vented instruments for measuring time,
the dimensions of the universe and its
furniture. The topics include calendars,
the size of celestial bodies, their dis-
tance from us, gravitation, inertia, plan—
etary orbits, the weight of the earth, the
velocity of light, the nature and com-
position of light, relativistic effects, the
temperature of the sun and stars, the
Doppler shift and so on. Photographs
and diagrams. For adolescents.

Our WoRk IN Spacg, by Willy Ley.
The Macmillan Company ($3.95). A
brief account of U.S. rocket and satel-
lite programs, with emphasis on the
constructive objectives and potentialities
of the work. Ley also explains simply
and directly what constitutes an orbit
and how different kinds of orbital flight
can be achieved. Photographs and dia-
grams. For readers of high school age.

LicHT AND S1GHT, by Charles Gramet.
Abelard-Schuman ($3.75). How we see
and the many instruments that have
been invented—from the simple hand
lens to large telescopes and the electron
microscope—to help us to see better,
farther and faster. For readers of 12
and older.

THE SuN, by Franklyn M. Branley.
Thomas Y. Crowell Company ($3.95).
An uncluttered, readable introduction to
the physics and astronomy of the sun.
Helpful illustrations. For young teen-
agers.

MagcxeT, by E. G. Valens. The World
Publishing Company ($3). The basic
principles of magnets and magnetic
fields, with descriptions of simple ex-
periments supported by excellent photo-
graphs by Berenice Abbott. For readers
of 10 and up.

Biological Sciences

ANMAL ANCESTORs, by Sonia Cole
and M. Maitland Howard. E. P. Dutton
& Co. ($3.50). It may please some men
to boast that they are descended from
William the Conqueror or even Char-
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lemagne, but the realization that the
ancestor common to all of us is a little
tree shrew helps to restore perspective
and the proper feeling of brotherhood.
The forebear of the elephant is the tiny
rock hyrax (the “coney” of the Bible);
not only the pig but also the hippopota-
mus belongs to the classification swine;
although the steed of an Arabian chief
might not like to hear it, the rhinoceros
belongs to the same family as the horse;
dogs can be traced back to late Eocene
times, when their ancestors were small
tree dwellers with large brains and long
legs (a good example is Cynodictis,
which resembled the modern civet and
was therefore an ancestor of both the
dog and the cat). This book is filled
with such entrancing information and is
also well illustrated. Recommended for
anyone 12 and older.

Fisues axp THEIR Ways, by Clarence
J. Hylander. The Macmillan Company
($4.95). The Atlantic salmon was prized
by the Romans as a delicacy (the name
comes from the Latin salio, meaning
“leap”); the Dolly Varden trout is dis-
liked by fishermen because it feeds on
the eggs and the young of other trout;
the Atlantic bluefish is a ferocious killer,
often called the wolf of the sea because
it can kill 1,000 other fish in a day; the
grunt is called a grunt because it grunts
by grinding its teeth together; the beau
gregory is a six-inch damselfish that
makes its home in an empty conch shell,
which it defends against all intruders.
Many facts of this kind, together with
more humdrum material, are to be found
in this book about fishes that inhabit
American streams, lakes and ocean wa-
ters. Photographs and drawings. For
readers of 11 or 12 and up.

THE Livixe BATTERY, by E. E. Suck-
ling. The Macmillan Company ($4.50).
All living creatures generate electricity,
and it plays an important part in the
operation of nerves, muscles, heart,
brain and other organs. In a few species
of fish the currents are strong enough
to administer a powerful shock, but in
all other living creatures they are weak
and require sensitive instruments for
their detection. The interpretation of
the readings of these instruments has
led to a greatly increased understanding
of the functioning of both sick and
healthy organisms. This interesting story
is well told in Suckling’s book, which is
addressed to high school students and
grown-ups.

Tue ReprobucTiON OF LIFE, by
Robert L. Lehrman. Basic Books, Inc.,
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Publishers ($4.95). An exceptionally
lucid introduction to the story of how
living organisms reproduce themselves.
It begins with chapters on the origin
and continuity of life, considers the evo-
lution of sex, the nature and function of
hormones, the processes of reproduction
in human life, and then, in somewhat
greater detail, the cellular, subcellular
and chemical activities that are the
foundation of the reproduction of orga-
nisms. Each topic is treated imagina-
tively and with intelligent anticipation
of the questions the nonspecialist will
ask. Effective illustrations. For teen-
agers and grown-ups. Recommended.

ADVENTURES WITH FRESHWATER ANI-
maLs, by Richard Headstrom. J. B.
Lippincott Company ($4.25). A descrip-
tion of the kind of animals that can be
found in lakes, streams and even pud-
dles, with directions for simple experi-
ments to bring out structure, function
and other biological data. Well handled,
with many illustrations by the author.
For readers of nine or 10 and up.

Wart DisNey: \WONDERS OF THE
AxmyaL WorLp. Golden Press ($4.95).
Having all the flamboyant characteris-
tics of any Disney production, this full-
color picture book about various ani-
mals—from the platypus, the cock of
the rock, the Alpine newt, the caiman,
the anteater, the douroucouli, the capy-
bara and the booby to the jaguarundi,
the owl and the wild ox—will go down
very well with youngsters, even those
who cannot read.

MeeT THE Mannaacs, by C. H. Keel-
ing. Franklin Watts, Inc. ($3.95). An
affably written, pleasantly discursive,
informed book about various species of
mammal, with the main emphasis on
those that are treated as pets. The au-
thor and his wife own a private zoo in
England, and they run it primarily as an
educational service. For readers of 12

and up.

CHeEMISTRY OF LIFE, by Katherine B.
Hoffman. McGraw-Hill Book Company
($2.50). This book in the “Vistas of Sci-
ence” series, which offers much for rela-
tively little, is a compact, easily under-
standable introduction to biochemistry.
Illustrations. For readers of 12 and
older.

THE Lore or Livine Prants, by
Johannes van Overbeek. McGraw-Hill
Book Company ($2.50). A sound, ably
written, knowledgeable introduction to
photosynthesis, plant nutrition and other
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CHEREVISHKI by Tchaikovsky,

3.50
2.00
3.50
2.50

9.90

3 records ..set 14.85
EUGENE ONEGIN by Tchaikovsky,

3 records. .set 14.85
THE QUEEN OF SPADES

by Tchaikovsky, 3 records....... set 14.85

Many more Folk and Classical records. Also arts and crafts.

Russian Literature
in English and Russian

Write for Catalogs of your choice.
FOUR CONTINENT BOOK CORP.

Dept. 306,156 Fifth Ave.,New York,N.Y. 10010

$12,500

CORNING
SCIENCE
PRIZE

FOR THE BEST BOOK-LENGTH
MANUSCRIPT IN THE FIELD OF
THE NATURAL OR PHYSICAL
SCIENCES FOR THE GENERAL
READER — DEADLINE JULY 1,
1965 — RULES AND DETAILS
AVAILABLE FROM

Corning Science Prize Editor
Little, Brown and Company
34 Beacon Street, Boston, Mass. 02106

plant processes. Attractively priced and
fully illustrated. For young adolescents.

Anxnars, Inc., by Roy Pinney. Dou-
bleday & Company, Inc. ($2.95). About
hunters who in the Frank Buck tradition
collect specimens for zoos and for that
curious band of oddballs who insist on
acquiring such pets as ocelots, boa con-
strictors, harpy eagles, storks, monkeys,
cheetahs, barn owls and so on. Photo-
graphs. For readers up to 14.

WonpER WoRLD oF MICROBES, by
Madeleine P. Grant. McGraw-Hill Book
Company ($3.50). This second edition of
Dr. Grant’s pleasant book includes new
material on our knowledge of viruses
and nucleic acids. For readers of 12

and up.

You anp Your Cerrs, by Leo
Schneider. Harcourt, Brace & World,
Inc. ($3.75). An introduction to cell
biology, from the amoeba to ACTH.
For readers of 12 and up.

THE STUFF oF LiFE, by June Clare.
Roy Publishers, Inc. ($2.95). How he-
redity works, including the latest infor-
mation on the genetic code, told clearly
and succinctly for sophisticated adoles-
cents and grown-ups. Photographs and
diagrams. A good book.

WATCHERS, PURSUERS AND MASQUER-
ADERs, by Edith Raskin. McGraw-Hill
Book Company ($3.50). About the vi-
sion of animals: mammals, birds, rep-
tiles, amphibians, insects, spiders and
aquatic animals. For readers of 12 and

older.

Social Sciences

THE Diversity oF MaN, by Robin
Clarke. Roy Publishers, Inc. ($2.95). A
very attractive little book that discusses
the elements of physical anthropology
and biology that are connected with the
differences and similarities of people.
Knowledgeable, concise and effectively
illustrated. For adolescents. Recom-
mended.

Tue Story orF Money, by A. H.
Quiggin. Roy Publishers, Inc. ($3.75).
The fascinating story of the evolution of
money, its descent into many forms
from beads and cowries through spades,
knives, rings and salt blocks to tin hats,
huge stones, grass mats, tea bricks,
shoes, five-pound notes and dimes. Ably
told by a foremost authority, whose sur-
vey of primitive money was noted in
these columns a number of years ago

© 1964 SCIENTIFIC AMERICAN, INC

For young
readers
with a thirst
for
discovery

ANIMAL ANCESTORS

Sonia Cole, archaeologist,
traces the family trees of
familiar animals and ex-
plains why man became the
most successful of all in
this carefully researched,
brightly written companion
volume to I. W. Cornwall’s
The Making of Man, win-
ner of the Carnegie Medal.
Detailed two-color illustra-
tions. Ages 12-up $3.50

THE STORY OF THE
EARTH’S MAGNETIC FIELD

Germaine Beiser, co-author
of The Story of Cosmic
Rays, tells how the earth’s
magnetic field influences
the Van Allen Belt, mag-
netic storms, the solar wind
...and explores the back-
ground of today’s progress
toward space travel. Illus-
trated. Ages 12-up $3.50

THE NUMBER OF THINGS
Pythagoras, Geometry and
Humming Strings
Evans G. Valens, co-author
of Elements of the Universe
and Virusesand the Nature
of Life, expounds the fa-
mous theory of Pythagoras
and shows how much mod-
ern mathematics, music,
and cosmology owe to his
ideas. Diagrams.

Ages 14-up $4.95

THE NEW NAVY

Hanson W. Baldwin, mili-
tary editor of The New
York Times, presents a dra-
matic and stirring portrait
of today’s United States
Navy—its ships, planes,
equipment, and men—and
the major roles it will play
in the second half of the
20th century. Photographs.

Ages 14-up $4.95

THE PARACHUTE

From Balloons to Skydiving
James R. Greenwood pro-
vides much valuable know-
how about skydiving and
safety in his story of the

DUTTON
BOOKS

FOR parachute from da Vinci’s

drawing table to its use
with spacecraft. Fast-paced
and fascinating. Photo-
graphs. Ages 12-up $3.50

YOUNG
READERS

m E. P. DUTTON & COMPANY
w201 Park Avenue South
=" New York, N.Y. 10003
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University - - Press
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Numerical Problems
in Advanced
Physical Chemistry

Second Edition

By J. H. WoLrenDEN, R. E. RicHARDS, and
E. E. RicuHarDs. Fifty new problems have
been added to this valuable workbook, which
bridges the gap between the fundamental
principles of physical chemistry and actual
relevant experiments. Many problems have
been rewritten in terms of present perspec-
tives. Includes both simple and advanced
exercises. $4.80

Symposium on
Phytochemistry

Edited by H. R. ARTHUR, Senior Lecturer
m Organic Chemistry, University of Hong
Kong. During a world symposium on phy-
tochemistry held in Hong Kong in Septem-
ber, 1961, 26 papers and nine special lectures
were presented. Published here, along with
survey reports on the progress of phyto-
chemistry in eight Far Eastern countries,
the papers show the importance of the
newer physical methods of determining
structure, conformation and absolute con-
figuration, including optical rotary disper-
sion and nuclear magnetic resonance spec-
troscopy. The classical methods of structural
determination and partial synthesis are also
represented.  Extensively illustrated. $10.00

An Introduction to
the Chemistry of
Carbohydrates

Second Edition

By R. D. GurHRrIg, Lecturer i Organic
Chemistry, University of Sussex; and JoHN
HoNEYMAN, Assistant Director, Shirley In-
stitute. This new edition provides a compact,
progressive introduction to the subject suit-
able for students of chemistry or biochemis-
try. The monosaccharides are considered in
detail in order to provide an adequate basis
for studying further the more complex car-
bohydrates; the sections on derivatives and
polysaccharides have been enlarged, and
there is a chapter on physical methods.

227 text-figures. $3.40

Quantum Theory of
Solids

By R. E. PeierLs. Again available, now in
paperback, this introductory work reviews
fundamental problems in quantum theory—
both solved and unsolved—for theoretical
physicists and experimentalists. Discusses
crystal lattices, magnetic properties and co-
hesive forces in metals, interaction of light
with non-conducting crystals and electrons
in solids, semi-conductors, luminescence, su-
perconductivity. International Series of
Monographs on Physics.

17 text-figures. Paper, $4.00
Oxford University Press

New York
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(1949). Fully illustrated. Recommended
for ages 12 and up.

Juxior BIBLE ARrcHAEOLOGY, by
H. V. Morsley. Roy Publishers, Inc.
($3.50). A revised edition of a descrip-
tion of archaeological findings that cast
light on the people, places and events
of the Bible. For young adolescents.

Technology

THE HisTory oF FLIGHT, by the edi-
tors of American Heritage and others.
Golden Press ($3.95). A skillful abridg-
ment for young readers of the American
Heritage History of Flight, from Ki-
kung-shi, who was said to have invented
a flying chariot nearly 4,000 years ago,
and Leonardo da Vinci to military jets.
Many paintings, photographs and prints,
some in color. For readers of 12 and up.

Tuis Is Avromarion, by S. Carl
Hirsch. The Viking Press ($3.75). A
sprinkling of facts about automation
that manages, effortlessly enough, to
give little information anyone will re-
member. Harmless for readers of 10 to
12 or so.

PrinTING WoRrks Like Tais, by John
A. Spellman. Roy Publishers, Inc.
($2.95). Brief explanations of letterpress
printing,  lithography, screen-process
printing, textile printing and bookbind-
ing. Many illustrations, not all of which
are helpful. For readers of high school
age.

Books: Froat Papyrus TO PAPER-
BACK, by Esther S. Harley and John
Hampden. Roy Publishers, Inc. ($3.95).
About Egyptian scrolls, books in ancient
Greece and Rome, medieval manu-
scripts, the invention of printing, the
rise of the book trade, the design and
making of modern books. Good illustra-
tions. For adolescents.

THE STORY OF THE Laser, by John
M. Carroll. E. P. Dutton & Co. ($3.95).
A routine but satisfactory explanation
of what a laser is and does. Photo-
graphs. For readers of 12 and up.

Medicine

VETERINARIANS AND THEIR PATIENTS,
by Charles Paul May. Thomas Nelson
& Sons ($3.50). How to feed a runt
pig, take care of a beagle’s tooth-
ache, bandage a cow’s foot, rescue a
duiker from drowning, feed a small
gazelle, administer an antibiotic to a
whale, transplant coreal tissue to a
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blind bat ray (the operation being per-
formed in a tank 25 feet below the sur-
face), soothe the frazzled nerves of a
neurotic cat, deliver a puppy by Cae-
sarean section, train a Labrador re-
triever to be a guard dog, educate dogs
to help the blind, apply cosmetics to an
elephant’s eye (to prevent the skin from
cracking), quarantine a giraffe, vacci-
nate almost anything with four legs,
treat dog allergies, induce good temper
in a donkey by singing to it and train
chimpanzees to explore space so that
they can prepare the way for their less
amiable relatives to land on the moon.
An inconsequential but amusing little
book that most youngsters would enjoy.
Photographs. For readers of 11 or so
and up.

MAN acaINsT Diseask, by Geoffrey
Lapage. Abelard-Schuman ($3.75). Brief
accounts of the work of such men as
Jenner, Koch, Pasteur, von Behring,
Metchnikov, Kitazato, Ehrlich, Lister,
Reed, Domagk, Fleming, Chain and
others who gained great victories in
man’s struggle against disease. Photo-
graphs. For readers of 12 and up.

Biography

CarL FriebricH Gauss, by William
L. Schaaf. Franklin Watts, Inc. ($2.95).
Considering Gauss’s incomparable con-
tributions to mathematics—he is rightly
considered the last of the great univer-
salists, the subject now being much too
broad and too complex to be encom-
passed by a single person—it is strange
that no good biography of him has ap-
peared. The closest approach is the
chapter in Eric Temple Bell's Men of
Mathematics, called “The Prince of
Mathematicians.” This book is therefore
doubly welcome, not only because it
gives an admirably succinct account of
Gausss advances in number theory,
algebra, statistics, geometry, spherical
trigonometry, astronomy, magnetism
and other fields but also because it pre-
sents the material so that an adolescent
can grasp its meaning and appreciate
its profundity and beauty. It is safe to
assume that very few readers of Schaaf’s
book, if they have any mathematical
aptitude, will not be stimulated to learn
more and probe deeper into Gauss’s
brilliant inventions and discoveries.
Highly recommended.

BeEnyaMIN RusH: PHysiciaN, Pa-
TRIOT, FounpING FATHER, by Sarah R.
Riedman and Clarence C. Green. Abe-
lard-Schuman ($4.50). Based mainly on
The Autobiography of Benjamin Rush



V-
ROBERT S.

Richardson

CHESLEY

Bonestell

A distinguished astronomer
and an eminent artist
speculate on what the first
manned expedition to Mars
will find, and how our most
fascinating neighbor will be
reached, explored and col-
onized.

The striking pictures and
graphic, authoritative text
make this handsome, ab-
sorbing book an exciting
preview of one of man’s
greatest adventures.

MARS

12 color plates 16 pages of
black and white illustrations
$8.50

HARCOURT, BRACE & WORLD

OUTLINES
OF A THEORY
OF THE
LIGHT
SENSE

by Ewald Hering

Translated by Leo M. Hurvich,
Professor of Psychology, and
Dorothea Jameson, Reseach As-
sociate, at the University of
Pennsylvania.
Ewald Hering, a leading expo-
nent of the biological ap-
proach, wrote his great work
on vision in the early 1900’s,
yet his radical and unorthodox
ideas are only now receiving
striking confirmation. This
first English translation of the
work of a brilliant scientific
innovator will be immensely
valuable to all students of
visual phenomena. Illustrated.
$9.95
Ask your bookseller

ARVARD

UNIVERSITY PRESS
Cambridge, Mass. 02115

and The Letters of Benjamin Rush (pub-
lished in 1948 and 1952 respectively
and noted in these columns), this short
biography for young teen-agers de-
scribes the life of an uncommonly gifted
man who made contributions to medi-
cine, particularly in emancipating it
from cruel and bizarre practices in the
treatment of mental as well as physical
illness. Illustrations.

ALESSANDRO VoLTA AND THE ELEC-
TRIC BATTERY, by Bern Dibner. Frank-
lin Watts, Inc. ($2.95). An exceptionally
well-illustrated and well-written biog-
raphy of the great Italian electrician
who, among other things, improved the
electroscope, gave the correct explana-
tion of Galvani’s frog-leg phenomenon
(the contact of dissimilar metals) and
made the first electric pile, a source of
constant-flow electricity to which Ben-
jamin Franklin gave the name “battery.”
For young teen-agers.

PioNEER ASTRONOMERs, by Navin
Sullivan. Atheneum ($3.75). Sketches of
the life and work of astronomers from
Copernicus and Kepler to Shapley,
Hertzsprung and Hubble. For readers
of 12 and over.

Out oF SILENCE INTO Souxp, by
Roger Burlingame. The Macmillan
Company ($2.95). A competent brief
biography of Alexander Graham Bell,
who not only perfected the telephone
but also devoted a good part of his life
to the task of bringing sound to the
deaf. Photographs and other illustra-
tions. For readers of 11 or 12 and up.

JuLes VERNE, by Franz Bomn. Pren-
tice-Hall, Inc. ($325). A short biog-
raphy of the extraordinary Frenchman
who predicted so many of the spectacu-
lar technological triumphs of our time,
among them space flight and the ex-
ploration of the globe by submarine.
For ages 10 and up.

ANTOINE Lavoisier, by Rebecca B.
Marcus. Franklin Watts, Inc. ($2.95).
An attractively illustrated, straightfor-
ward biography of the famous 18th-
century French chemist. For young
adolescents.

TuE Rapar Max, by John Rowland.
Roy Publishers, Inc. ($3.50). An unpre-
tentious biography of Sir Robert Wat-
son-Watt. For teen-agers.

Tue Maxy WoORLDs oF BENJAMIN

FraxkLiN, by Frank R. Donovan and
the editors of American Heritage.
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New books to help young

people understand latest
developments in science

— g

Crystals

By RAYMOND A. WOHLRABE
Illustrated with photographs and diagrams.

An easy-to-understand explanation of the
complex science of crystallography and
simple methods of growing crystals. “A
good example of trade books that are valu-
able in extending and supplementing the
science textbooks.”

— School Science and Mathematics.
. . $3.50
Radioisotopes

By JouN H. WOODBURN
Illustrated with photographs and diagrams.

The use of radioisotopes, from dating
archaeological
atomic power. “Informs young people about
the many ways in which radioisotopes serve
science, agriculture, medicine and industry.”

discoveries to harnessing

— Science News Letter. $3.50

Cryogenies
By RICHARD J. ALLEN
1llustrated by Gruger Studio.

The first clear explanation for young people
of our newest, fastest growing science—the
study of extremely low temperatures.

$3.95
Metals

By RAYMOND A. WOHLRABE
Lllustrated by John Kaufmann.

This absorbing account of man’s mastery of

the science of metallurgy, from prehistoric

times to the present, includes experiments
the reader can do on his own. $3.50

Masers and Lasers

By H. ARTHUR KLEIN

Illustrated by Frank Aloise.
A fascinating, lucid explanation of the con-
struction, use, and quantum principles of
masers and lasers. “Supremely good ... This
book is well worth owning.”

— N. Y. Times. $3.95

EDITORIAL CONSULTANT:

HELEN HALE, President,

National Science Teachers Association

J. B. LIPPINCOTT COMPANY
East Washington Square, Philadelphia 5, Pa.
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“Knowledge of
e oceans is more
than a matter of
: curiosity. Our very
Y. survival may hinge

on it"” _jouNF.

SEABROOK HULL,

editor of Ocean Science News,
has written an exciting book
about

THE
BOUNTIFUL
SEA

Foreword by Robert M. Snyder,
Oceanographic Engineer,Ocean
Science & Engineering, Inc.

The Wall Street Journal calls the un-
dersea field “bigger than space,” but
although the medium covers 70% of
the globe, we have better maps of
the near side of the moon than of the
ocean floor.

In this fascinating, illustrated survey
of “inner space” Mr. Hull introduces
you to the extraordinary resources in
and under the ocean—explains how
diamonds, coal and other riches are
being mined beneath the sea, how
fish farms can provide food for the
world’s hungry millions, how the sea
can yield new antibiotics to medical
science. Mr. Hull describes submarine
“freight trains” and underwater stor-
age systems, and tells the problems
of living in a pressurized tent 80 feet
below the surface.
There is no day-dreaming about the
sea, but practical discussion about
such problems as economics, struc-
ture and materials, medicine, invest-
ments, politics. For businessmen, in-
terested laymen, scientists and tech-
nicians The Bountiful Sea is required
reading.

120 lllustrations $6.95 \_

r From your bookseller or
PRENTICE-HALL, INC., Dept. 300

| Englewood Ciiffs, N. .

| Please send me copies of THE

|

|

|

|

|

I

|

BOUNTIFUL SEA @ $6.95. Po_stpaid if | enclose I
O check [] money order. |
I

I

|

I

NAME
ADDRESS.

STATE. ZIP CODE

Harper & Row, Publishers ($395). A
colorfully illustrated biography in the
American Heritage Junior Library touch-
ing on all this marvelous man’s activi-
ties, from his electrical researches and
literary labors to his career as a politi-
cian and diplomat. For readers of 10
and up.

General

To tHE Top oF THE WoRLD, by Pau-
line K. Angell. Rand McNally & Com-
pany ($4.50). IcE, Surps aND MEN, by
John Euller. Abelard-Schuman ($3.75).
Two readable books on the perennially
engrossing subject of Arctic exploration.
Mis. Angell, writing for ages 12 and up,
tells the story of Robert E. Peary and his
Negro assistant Matthew Henson, whose
several journeys to the Arctic culmi-
nated in their march to the Pole in
1909. It is a well-written, exciting tale
that does not try to make Peary more
lovable than he was. Euller’s book, ad-
dressed to a somewhat younger audi-
ence—although teen-agers will also enjoy
it—consists of various episodes in the
conquest of the Arctic. Both volumes
have photographs, maps and other
illustrations.

EXPLORING UNDER THE SEA, by J.
Gordon Cook. Abelard-Schuman ($3.75).
This interesting book is concerned not
so much with what can be found under
the sea—there has been a surfeit of such
introductions—but with the methods and
equipment used in underwater explora-
tion from the earliest diver’s dress to
modern rigid suits, the bathysphere, the
submarine and the Aluminaut, a kind of
underwater house in which explorers
can live for weeks without coming to
the surface. Good illustrations. For
readers of 12 and up.

Face or NorTH AMERICA, by Peter
Farb. Harper & Row, Publishers ($3.95).
A young reader’s abridged edition of an
attractive description of the North
American continent: the geological
changes it has experienced, the charac-
ter of its ocean boundaries, its inland
waters, mountains, forests and deserts,
and man’s imprint on the land. Many
good illustrations, including photo-
graphs. For ages 12 and up.

WHERE IN THE WorLDp? by Philip S.
Egan. Rand McNally & Company
($3.95). An assortment of 159 questions
and answers about the planet earth. Ex-
amples: How old is the earth? How did
oil get into the ground? What is a
seiche? Where was the land of Mu?
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Does a ship weigh more or less in the
moonlight? Is it true that North and
South America were once joined to
Europe and Africa? Illustrations. For
ages about 10 to 13.

ExproiTs IN AFRica, edited by John
Bayliss. New York Graphic Society
($3.50). Selections, some of them very
good, from writings about African ani-
mals and African exploits, including
true stories by Gerald Durrell, John
Gunther, Alan Moorehead and others.
For ages 12 to 16.

Arrica, by Rhoda Hoff. Henry Z.
Walck, Inc. ($3.75). Effective excerpts
from the writings of African explorers,
colonists, historians, traders and natives,
beginning with Herodotus and includ-
ing such contrasting figures as Anthony
Trollope, Strabo, Alexandre Dumas,
Henry Stanley, Mary Kingsley, Winston
Churchill, Albert Schweitzer, Jan Smuts,
Richard Harding Davis, Theodore
Roosevelt, Abdel Gamal Nasser, Father
Lobo and Kwame Nkrumah. An attrac-
tive book. For readers of 12 and up.

Trais Tursty WorLp, by Alfred
Lewis. McGraw-Hill Book Company
($350). A primer of important facts
about the world’s water resources: their
extent, how underground sources of
clean water can be replenished, the rec-
lamation of waste water, means of pro-
ducing artificial rainwater, the desalting
of ocean water, the conservation of sup-
plies by dams and aqueducts, the various
schemes for bringing water from regions
where it is superfluous to those where
it is needed. Photographs. For age 12
and up.

INTRODUCING SCIENCE, by Alan Isaacs.
Basic Books, Inc., Publishers ($4.95).
An exclusively descriptive survey of
modern  science—physics, astronomy,
chemistry, living matter—omitting ex-
periment, measurement and mathemat-
ics. This does not sound promising but
in fact works out well, largely by reason
of Isaacs’ skill in sticking to essentials
and not losing his way. Some of the
sections, particularly the one on chemis-
try, arve a little too dry and recitative,
but on the whole this is a sound, in-
structive abstract, accessible to older
adolescents and grown-ups. The illus-
trations are meager.

MARrco PoL0’s ADVENTURES IN CHINA,
by Milton Rugoff and the editors of
Horizon magazine. Harper & Row, Pub-
lishers ($3.95). The story of what was
perhaps the most fascinating adventure



in the history of travel: Marco Polo’s
journey with his father and uncle to the
court of Kublai Khan in China between
the years 1271 and 1295. Marco’s feat
changed the history of Europe and
opened to the West the incomparable
riches and superior civilization of China.
First-rate illustrations of every kind,
many in color. For readers 12 and up.

Tue Erie Canar, by Ralph K. An-
drist and the editors of American Heri-
tage. Harper & Row, Publishers ($3.95).
A pleasant history of the narrow man-
made waterway, begun in 1817, that
on completion ran through the state of
New York from Albany to Buffalo, thus
opening a new way to the West. The
363-mile Erie Canal was a bold and, as
it seemed at the time, preposterous idea,
yet it was a highly effective traffic ar-
tery, linking the Great Lakes to the seas
of the world for more than half a cen-
tury until the railroads replaced it and
much of the old canal was relocated,
widened and deepened and incorpo-
rated into the New York State Barge
Canal system. In addition to the story of
the Erie the book tells of many of the
other canals, most of them zany crea-
tions that were built during the period
of the canal craze the success of the
Erie had engendered. Some of these
systems were patchworks that required
dozens of rail sections to join the water-
ways and included the use of steam-
boats, cable cars, horse-drawn vehicles
and other carriers to complete the jour-
ney. A most enjoyable, copiously illus-
trated volume, with photographs, old
prints and many reproductions in color.
Highly recommended for readers 10 and
older.

ALL aBoUT AvIATION, by Robert D.
Loomis. ALL aBouT Brorocy, by Ber-
nard Glemser. ALL aBout FIRE, by
Raymond Holden. Random House
($1.95 each). Three new books in this
sprightly series addressed to ages about
10 to 13. Loomis skips around in the
aviation world, describing flight on a
commercial airliner, telling what it feels
like to pilot a small plane, giving some
of the rudiments of the science of flight
and so on. The Glemser book is a short
outline of biology from the beginning of
life to the structure and function of the
human body. Fire as man’s friend and
as man’s enemy from prehistoric times
until today is Holden’s subject. He dis-
cusses fire in myth and magic, primitive
ways of making fire, fire fighting, a
number of disastrous fires on land and
water, fire from the sun. Good photo-
graphs in each volume.
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nual performance, Presenting the
one and only; January, page 120.

Infinite series and the concept of
limit, Some paradoxes and puzzles
involving; November, page 126.

Magic tricks based on mathematical
principles, Concerning several; Au-
gust, page 96.

Planar graphs, or sets of “vertices”
connected by “edges,” Various
problems based on; April, page 126.

Polyiamonds: shapes that are made
out of equilateral triangles, On;
December, page 124.

Prime numbers, A collection of short
problems and more talk of; June,
page 114.

Prime numbers, The remarkable lore
of the; March, page 120.

Problems, A collection of short, and
more talk of prime numbers; June,
page 114.

Puns, palindromes and other word
games that partake of the mathe-
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matical spirit; September, page 218.

Pythagorean theorem, and sundry
other matters, Simple proofs of the;
October, page 118.

Sliding-block puzzles, The hypnotic
fascination of; February, page 122.

Ternary number system, The “tyran-
ny of 10” overthrown with the; May,
page 118.

THE AMATEUR SCIENTIST

Aerodynamics of air-support vehicles,
The dynamics of a golf club and
the; January, page 131.

Air currents in color and build an
accurate Foucault pendulum, How
to photograph; February, page 132.

Blowing glass for the amateur lab-
oratory is really not as difficult as
it may seem; May, page 129.

Cantaloupe, Extraction of growth-pro-
moting substances from; tests with
rolling balls; August, page 100.

Clock, A tuning fork with electric
drive can make an inexpensive and
highly accurate; April, page 136.

Dynamics of a golf club and the aero-
dynamics of air-supported vehicles,
The; January, page 131.

Foucault pendulum, How to photo-
graph air currents in color and
build an accurate; February, page
132.

Gas laser in the home, How a perse-
vering amateur can build a; Sep-
tember, page 227.

Gravitational fields with droplets of
water on a soap bubble, Mainly on
simulating; December, page 134.

High-speed cameras for photograph-
ing fleeting events, On construct-
ing; July, page 118.

Moiré patterns provide both recrea-
tion and some analogues for solving
problems; November, page 134.

Phototaxis: the response of organisms
to changes in illumination, Experi-
ments in; October, page 128.

Rolling balls, Tests with; Extraction
of growth-promoting substances
from cantaloupe; August, page 100.

Series interferometer to observe
various subtle phenomena, How to
make a; June, page 122.

Sundial that tells clock time, Two
devices for listening in on under-
water sound, and a; March, page
131.

Underwater sound, Two devices for
listening in on, and a sundial that
tells clock time; March, page 131.

BOOKS

Act of Creation, The, by Arthur
Koestler. Reviewed by George A.
Miller; November, page 145.

Arbib, Michael A. Brains, Machines,
and Mathematics. Reviewed by J.
Bronowski; June, page 130.

Baker, Robert A. Psychology in the
Wry, edited by. Reviewed by James
R. Newman; September, page 243.

Baker, Robert A. A Stress Analysis
of a Strapless Evening Gown, edited
by. Reviewed by James R. New-
man; September, page 243.

Berelson, Bernard, and Gary A. Stei-
ner. Human Behavior: An Inven-



tory of Scientific Findings. Reviewed
by Jules Henry; July, page 129.

Brains, Machines, and Mathematics,
by Michael A. Arbib. Reviewed by
J. Bronowski; June, page 130.

Cameron, A. G. W. Interstellar Com-
munication, edited by. Reviewed by
James R. Newman; February, page
141.

Challenge to Affluence, by Gunnar
Myrdal. Reviewed by Leon H. Key-
serling; January, page 141.

Culture against Man, by Jules Henry.
Reviewed by Marshall D. Sahlins;
May, page 139.

Essays of a Humanist, by Sir Julian
Huxley. Reviewed by A. E. Mirsky;
October, page 135.

Good, I. J. The Scientist Speculates,
edited by. Reviewed by James R.
Newman; September, page 243.

Henry, Jules. Culture against Man.
Reviewed by Marshall D. Sahlins;
May, page 139.

Human Behavior: An Inventory of
Scientific Findings, by Bernard
Berelson and Gary A. Steiner. Re-
viewed by Jules Henry; July, page
129.

Huxley, Aldous. Literature and Sci-
ence. Reviewed by Max Black;
March, page 141.

Huxley, Sir Julian. Essays of a
Humanist. Reviewed by A. E.
Mirsky; October, page 135.

Interstellar Communication, edited by
A. G. W. Cameron. Reviewed by
James R. Newman; February, page
141.

Koestler, Arthur. The Act of Crea-
tion. Reviewed by George A. Miller;
November, page 145.

Literature and Science, by Aldous
Huxley. Reviewed by Max Black;
March, page 141.

Menninger, Karl, with Martin May-
man and Paul Pruyser. The Vital
Balance: The Life Process in Men-
tal Health and Illness. Reviewed by
E. G. Boring; April, page 145.

Myrdal, Gunnar. Challenge to Af-
fluence. Reviewed by Leon H. Key-
serling; January, page 141.

Psychology in the Wry, edited by
Robert A. Baker. Reviewed by
James R. Newman; September,
page 243.

Rapoport, Anatol. Strategy and Con-
science. Reviewed by Marcus G.
Raskin; August, page 109.

Scientist Speculates, The, edited by
I. J. Good. Reviewed by James R.
Newman; September, page 243.

Steiner, Gary A., and Bernard Berel-
son. Human Behavior: An In-
ventory of Scientific Findings. Re-
viewed by Jules Henry; July, page
129.

Strategy and Conscience, by Anatol
Rapoport. Reviewed by Marcus G.
Raskin; August, page 109.

Stress Amnalysis of a Strapless Eve-
ning Gown, A, edited by Robert A.
Baker. Reviewed by James R. New-
man; September, page 243.

Vital Balance, The: The Life Process
in Mental Health and Illness, by
Karl Menninger, with Martin May-
man and Paul Pruyser. Reviewed
by E. G. Boring; April, page 145.

We print the sprocker holes here to show exactly what the Questar Field Model
below Impressed on the Tri-X negative. Time, 1/500 second. Normal development
with D-76. Some of the background buildings are parilaily obscured by smoke.

This photograph was taken with a Questar
telescope. We think no other instrument
could show such sharp detail.

The problem here is one that always
limits telescopes and telephoto lenses —
how to get sharp images through moving
heated air. This air path measures some
4000 feet, and the line of sight is so
murderously low that it contains most of
the heat waves rising from these inter-
vening sun-drenched fields.

Astronomers tell us that the average
atmospheric heat wave is about 4 inches
long. Any telescope whose aperture ex-
ceeds this size will quickly suffer from
the deadly confusion of overlapping mul-
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tiple images these air waves cause. Per-
fect focus becomes impossible.

The 3-pound Questar Field Model at
right, has only 3.5 inches aperture. We
make each one so fine the hand of man
cannot improve it. To meet our extrava-
gant demands, each Questar must per-
form twice as well as theory predicts, no
matter how many sets of conventionally
perfect optics we must reject to achieve
this extraordinary result.

Thus Questar’s superfine small aperture
can pierce single heat waves like a slender
rapier, and deliver the same wealth of
detail that could not reach us from larger
instruments of just commercial quality.

Questar is the finest and most versatile small
telescope in the world. At left is a Standard
Questar, which requires no tripod for most pur-
poses. Prices begin at $795. Send for your copy
of the new 40-page booklet with 8 pages of
color and much general information, with essays
on optics, seeing and telescopic photography.
One dollar postpaid in U.S., Mexico and
Canada. By air to West Indies and Central
America, $2.30. By air to Europe, N. Africa and
S. America, $2.50. By air to Australia and else-
where, $3.50.

QUESTAR

BOX 20, NEW HOPE, PENNSYLVANIA
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In more and more schools...

PARTNERS IN
THE CLASSROOM

A GOOD TEXTBOOK AND

T |OFFPRINTS

In more and more classrooms today
SCIENTIFIC AMERICAN Offprints are
being adopted side by side with the
textbook. (Presently in use in more
than 500 college and university
courses—a 60% increase over the
number at this time last year!)

The textbook supplies the foundation
of the course. The Offprints provide
the latest bulletins from the frontiers
of research, complementing and rein-
forcing the basic material contained in
the textbook.

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

The more than 430 articles that are
presently available cover a broad spec-
trum of current thought and research
in the life sciences, the physical sci-
ences, and the social sciences. Each
Offprint, still only 20¢.

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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ceedings of American Societies for
Experimental Biology, Vol. 23, No.
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As Homorocous ProTEIns. Kenneth
A. Walsh and Hans Neurath in Pro-
ceedings of the National Academy of
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FLUID CONTROL DEVICES
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nance Corps, Department of the
Army, 1962-1963.
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Statue of Beniamin Franklin by James Earle Fraser in The Franklin Institute, Philadelphia

Great Ideas Make Great Men

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

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

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

Certainly, with increasingly urgent responsi-

( HIOHER EDUCATION

HEEF IT BRIOHT

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

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

If you want to know what the college crisis means to you, write
for a free booklet to: HIGHER EDUCATION, Box 36, Times
Square Station, New York 36, N.Y.
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Photographers! Adapt your camera lo this Scope for ex-
cellent Telephoto shots and fascinating photos of moon!

See the Stars, Moon,
Planets Close Up!

3” ASTRONOMICAL
REFLECTING TELESCOPE
60 to 180 Power—Famous Mt.
Palomar Type! An Unusual Buy!
See the Rings of Saturn, the fascinating
planet Mars, huge craters on the

Moon, Phases of Venus. Equatorial
mount with lock on both axes. Alumi-

-

. Telescope comes
equipped with a 60X eyepiece and a mounted Barlow Lens. Optical I‘md(-r
Telescope included. Hardwood portable tripod. FR. with Scopi
Val\xahla STAR CHART plus 272-page ** HA‘V DBOO[\ OF HEAVEK\E
““HOW TO USE YOUR TELESCOPE" BOO

Stnck No.85,050-S ...... . . .......... $29.95 Postpaid

44" Astronomical Reflector Telescope!
255 Power. New Vibration Free Metal Pedestal Mount.
Stock No. 85,105-S . ..... $79.50 F.0.B. Barrington,

SUPERB 6” REFLECTOR TELESCOPE!
Ine. electric clock drive, setting circles, equatorial mount, pedestal base.
4 eyepieces for up to 576X.
Stock No. 85,086-S

N.J.

.$195.00 F.0.B. Barrington, N.J.

ucmmr

XMns
- GIFTS)

lI.ITOMATI(MI.‘f SHOWS TIME, TIDES, POSI-
TION OF SUN, MOON, STARS

NEW SPILHAUS
SPACE CLOCK

19 READINGS AT A GLANCE
3 DIALS—COMPLETELY ILLUMINATED

Startling scientific achievement, yet com-
pletely practical and functional. Designed for
the space age by world renowned scientist,
Dr. Athelstan Spilhaus, Dean of Tech-
nology, University of Minnesota, Handsome
conversation i the sky. The
Spilhaus Space. Clock  has emutital frastwood ame. and 3 sky-blue
dials. Blends with decor of any home, office, club room, classroom, mu-
seum, display window, hotel, etc. Large dai

rise and set, moon position, moon
tide time, current stage of tide, da
stars in sky, time of star rise and »
stars, sidereal or star time. Left
world time including major U.S
Operates on house current—req
graphic location. Measures 167 high x 11347
tion plaques ilab omplete g
funded.

Stock No. 1202-S Shp. Wt. 12 Ibs,
SPECIAL 220-V., 50-cycle motor—illui

Stock No. 1203-S
(Foreign orders deduct tax)............ $215 F.0.B.(+S5F.E.T.)

wiin; T
me. Hight dial shows
AT
uires on\y one simple eemnz for any geo-
wide x 454”7 deep. Presenta-
d or money re-

. 0.B. (+$5 F. E. T.)
dials
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Inated

Get the jump on competmon }[cre sa breaklhrough in
a new technology. Complet. mplifi Thousands
of uses for researchers, product designers, lnexpensnely
n. \Xeasures dlff

gl liy Lasers,; 4l
liquist fow, stress lines, distortion of metals.
nically, moiré patterns are predictable patterns
of one Yatlern over another Using elements
Linear, logarithmetic and circular rulings, Dr. Geral

x d Ost, te
l’olytechmc Inst., has developed a complete new basic scnenuﬁc tool. Wit

NOW! LEARN TO USE THE FANTASTIC TOOL OF TOMORROW!
Measure ... Check ... Solve... Study ... Create with

MOIRE PATTERNS KIT

COST-CUTTING, TIME-SAVING, SUPER ACCURATE RESULTS IN LIMITLESS APPLICATIONS

contains 8 b'\slc patterns on both clear acetate in lm(ern slide sue measur-
ing 3%” 7 (.020” thi ck and wh|te Kromekote 3% " x 4}5” (.012 thick);
[ Cmne gra ® Lognn(hmlc scale gratinz, (4)
Radial lines, resnel zone plate, (7)
meces 3%" x 4”7 150-dot
lass screen 8" x 10%4”; cony of Dr.
atterns’’—an authoritative

$8.50 Ppd.
$6.50 Ppd.

Stock No.
Stock No. 60, lG‘ S Same as above without book .

MOIRE PATTERN ACCESSORY KIT. For additional experiments. Contains balloon, calcite, two kinds of diffrac-

tslon gratings, one-way mirror foil, polarizing materials, Ronchi rulings, assortment of lenses

k No. 60,487~

$8.00 Ppd.

Make Your Own Powerful Astronomical Telescope
GRIND YOUR OWN

rﬂuuﬁﬂa ASTRONOMICAL MIR-
o ™ ".’ piece lenses. You can build
instruments ranging in value

from $75.00 to hundreds of dollars.
Diam.

| ROR. Kits contain mirror
blank, tool, abrasives, di-
agonal mirror and eye-

Stock No. Mirror Thickness Price

70,003-S ala” %" $7.50  ppd.
70,004-S 6” 11.95 ppd.
70,005-S 8” 1% 19.50  ppd.
70,006-S 10 1%~ 30.75 f.o.b.
70,007-S 125" 2V” 59.95§ Barrington

HOME WEATHER STATION

New ‘“‘Weather Station’ is highly
sensitive to weather changes. Con-

sistently accurate thermometer
2%, barometer accurate to 25'
and hygrometer to + 5%. Foretells weather changes from 12 to 24 hourn
in advance. Hygrometer calibrated in percent relative humidity. Excellent
for teaching weather phenomena and meteorological hobby work. Instru-
ment mounted on handsome wood-grained wall panel 15%” x 53”. Meter
cases heavily metalized—combines beauty and protection. Dials in etched

aluminum, of high greuslon Full instructions.

. .$9.95 Postpaid

Stock No. 70,607-
SCIENCE TREASURE CHESTS
Science Treasure Chest—Extra-powerful mag-
nets, polarizing filters, compass, one-way mirror
film, prism, diffraction grating and lots of other items
for hundreds of thrilling experiments, plus a Ten-Lens
{it for making telescopes, microscopes, ete. Full in-
struetlonw included.
Stocl . 70,342-S $5.00 Postpaid
o Sclence Treasure Chest DeLuxe—Everything in
Chest above plus exciting additional items for more
advanced experiments including crystal-growing kit, electric motor,
molecular models sct hrsl surface mirrors, and lots more,
Stock No. 70,343-S $10.00 Postpaid

ANALOG COMPUTER KIT

sowwin | Demonstrates basic analog com-
Putiug principles—can be used
| for multiplication, division, pow-
roots, log. operations, trig
roblems, physics formulae, elec-
tricity and magnetism problems. Operates on 2 flash-
light batteries. Electric meter and 3 potentiometers
mounted on die-cut box. Answer indicated on dial. 20”
long, 9” wide, 2” deep.
Stock No.70.341-S.................

] EI‘S

$14.95 Postpaid

SOLVE PROBLEMS! TELL FORTUNES! PLAY GAMES!
NEW WORKING MODEL

-

DIGITAL COMPUTER
ACTUAL MINIATURE VERSION
OF GIANT ELECTRONIC
BRAINS

new see-th model
solves problems, teaches computer
2 u-ntals Adds subtrac

tic parts
bly diagr: 3

language (bm:\ry system), programmin:
Stock No.

MAIL COUPON FOR FREE CATALOG

1 Completely New 1965 Edition

I 148 Pages—Nearly 4000 Bargains
EDMUND SCIENTIFIC co.
Barrington, New Je

I Please rush Free Glant Catalog S

I Name
I Address
| ciey

ge xnslructlon book covering ope
problems nnd la \.Knenmuui.
0 Ppd,

State
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DER BY STOCK NUMBIR .IINO CHICK OR MONIY ORDI

DMUND SCIENTIFIC CO.,BARRINGTON, N.J.

NEW Z-O-O-M TELESCOPE
ZOOMS FROM 25X TO 80X

Fine quality, erect image zoom

telescope, for naturalists and
hobbyists. 50 mm hard coated,
achromatic objective. Separate zooming and focusing ad-
justments. Field of view at 25X is l-degree, 30 minutes;

zooms to O-degrees, 35 minutes at 30X. Magnification scale
marked on eyepiece mount. High resolution over entire field.
Excellent for both terrestrial and celestial observation. In-
cludes sunglass for safe solar observation. 22!3” long on
sturdy 10” tripod.

Stock No. 70,623-S
NEW ZOOM

= TELESCOPE EYEPIECE

Exciting new eyepiece provides greater speed and versa-
tility for your telescope. Does work of many and stays
sharp at all powers. Magnification depends on your tele-
scope — typlcally 50x to 120x. Precision construction,
standard 14" O.D. Fully orthoscopic, coated lenses, focal
length 8.4 mm. to 21 mm. Use of Barlow increases powers
| by 2 to 3 times with dramatic results.
Stock No. 60,362-S...................526.50 ppd.

1 NEW! STATIC
ELECTRICITY GENERATOR
Sturdy, Improved Model
See a thrilling spark display as you set off
a miniature bolt of lightning. Sturdily
made—stands 14”7 high. Two 9”7 plastic
dises rotate in opposite directions. Metal
collector brushes pick up the static elec-
tricity, store it in the ILeyden jar type
condenser until discharged by the jumping

spark. 24 pace illlustrated booklet included.
Order Stock No. 70,070-S $12.95 Postpaid

..$35.00 Postpaid

War Surplus!

! Brand new! Crj
;mml Ever

”lll’ “ r
surplits pri
Stock No. 154 i y $74.80 petpd.
Tx3s AM[HICHN MADE HINOCI)LAHS
Stock No. 564- S $60.50 pstpd
B x 30 Binoculars lmilpr to sbove aml a tor
Steck No. 9 $331.00 patpd. (]

% Inel

TERRIFIC BUY!
AMERICAN MADE!

Up to 3" Working Distance

STEREO-MICROSCOPE
Wide 3-Dimensional Field

Used in production, in research or at
y home; for inspections, examinations,

counting, checking, assembling, 2 sets |

of objectives on rotating turret. Stand-
ard pair of wide field 10X Kellner Eye
pieces give you 23 power and 40 power
clear, sharp erect image. Helical rack
and pinion focusing. Interpuplllary dis-
tance adjustable. So good we’'ll SHIP
ON A 10-DAY FREE TRIAL.

Order Stoch Mo, 03,056-5..0c0oeinneinn.s full price $99.50 F. 0. B.

+ SATISFACTION GUARANTIED!
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CeLs. G. J. V. Nossal and O. Mikeld
in Annual Review of Microbiology,
Vol. 16, pages 53-74; 1962

SinGLE CELL STupIESs oN 19S ANTIBODY
PropucTioN. G. J. V. Nossal, A. Szen-
berg, G. L. Ada and Caroline M.
Austin in The Journal of Experimen-
tal Medicine, Vol. 119, No. 3, pages
485-502; March, 1964.

STRUCTURE AND SPECIFICITY OF GUINEA
Pic 7S AnTiBobies. G. M. Edelman,
B. Benacerraf and Z. Ovary in The
Journal of Experimental Medicine,
Vol. 118, No. 2, pages 229-244; Au-
gust, 1963.

QUANTIZED VORTEX RINGS
IN SUPERFLUID HELIUM

APPLICATION OF QUANTUM MECHANICS

To L1Quip HeLrum. Richard P. Feyn-
man in Progress in Low Temperature
Physics, Vol. I, edited by C. J.
Gorter. Interscience Publishers, 1955.

EvVIDENCE FOR THE CREATION AND Mo-
TION OF QUANTIZED VORTEX RINGS IN
SuperrFLUID HELIUM. G. W. Rayfield
and F. Reif in Physical Review Let-
ters, Vol. 11, No. 7, pages 305-310;
October, 1963.

QuaNTIZED VORTEX RINGS IN SUPER-
rLuip HeELtom. G. W. Rayfield and
F. Reif in The Physical Review, in
press.

SuperrLUID Puysics. Cecil T. Lane.
McGraw-Hill Book Company, Inc.,
1962

MATHEMATICAL GAMES

Maestro Puzzres. J. E. Reeve and
J. A. Tyrrell in The Mathematical
Gazette, Vol. 45, No. 352, pages
97-99; May, 1961.

PENTOMINOES AND HEx1amonps. T. H.
O’Beirne in New Scientist, Vol.
No. 259, pages 316-317; November,
1961.

SoME HEXIAMOND SOLUTIONS: AND AN
INTRODUCTION TO A SET OF 25 RE-
MARKABLE PoinTs. T. H. O’Beirne in
New Scientist, Vol. 12, No. 260,
pages 379-380; November, 1961.

THIRTY-S1X TRIANGLES MAKE Six HEXI-
AMONDS MAKE ONE TriancrLE. T. H.
O’Beirne in New Scientist, Vol.
No. 265, pages 706-707; December,
1961.
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Tue LicHTNING Book. Peter E. Vie-
meister. Doubleday & Company,
Inc., 1961.

Soar-BussLes. C. V. Boys. Dover Pub-
lications, Inc., 1959,



INNOVATION!

One instrument well played —beautiful.
Add a second in harmony —even more
beautiful.

Add electronics to telephone switch-
ing, and some pretty exciting things
happen, too.

The scientists of a GT&E subsidiary
recognized that high-speed electronic
switching can make your telephone
even more useful than it is today. It's
the key, for instance, to fast push-but-
ton dialing. Automatic forwarding of

calls. Automatic conference calls.

So they developed the E-A-X™ Sys-
tem. With this Electronic Automatic
Exchange, all these and many other
newservicesare possible—andpractical.
Because the electronic E-A-X System
harmonizes beautifully with existing
non-electronic telephone equipment.

Other advantages? Compactness. Ex-
traordinary reliability. Reduced labor.
Service changes are made simply by re-
instructing the electronic “brain” in-

A NEW METHOD OF TELEPHONE SWITCHING
(As in music, it harmonizes two instruments—for a better end result)

stead of having to rerun wires.

Research in many fields—communi-
cations, electronics, lighting, chemistry,
metallurgy and atomic energy—enables
the GT&E family of companies to pro-
vide the best possible solutions to prob-
lems. Research, nurtured by a climate
of innovation, is our solid base for fu-
ture growth.

General Telephone & Electronics
Laboratories, Inc., 730 Third Avenue,
New York, N. Y. 10017.

FROM THE LABORATORIES OF GE('E

GENERAL TELEPHONE & ELECTRONICS (&)
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From advanced technology available today!

Biomedical Simulation Laboratory
uses CONTROL DATA" 3200 computer
to explore physiological phenomena

System includes:
*A CONTROL DATA —_
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seconds; access time
750 nanoseconds;
buffered arithmetic

*A CONTROL DATA
simultaneous analog-

3200 computer with a
32,768 word magnetic
core storage; cycle
time — 1.25 micro-

section operates con-
currently with non-
arithmetic instructions

to-digital and digital-
to-analog conversion
system, providing
8-channel multiplexing

Here in the Biomedical Computer Simulation Labo-
ratory at Salt Lake City, Utah, you see an example of
that fast growing breed of newer special computers,
the hybrid digital-analog system.

A powerful CONTROL DATA 3200 digital computer
interfaces with a large-scale analog computer through
a CONTROL DATA eight-channel conversion system.
The analog component pre-processes raw data on
physiological phenomena undergoing study . . . while
the digital portion provides speed and capacity re-
quired to evaluate the many independent variables.
Marriage of the two creates a biomedical computer
system of tremendous versatility and power.

In the Salt Lake City laboratory, mathematical
models of circulatory systems are being structured,

covering blood pressure, heart rate and related, rapidly
interacting factors. The computer is used to analyze
and act upon input in a split-second — literally, be-
tween heartbeats.

CONTROL DATA generates highly creative man/
machine research partnerships, through hardware,
software, and follow-up support oriented to the
scientific user and his way of working. For informa-

FRESCR O CONTROL DATA
[ corporaTION |

the CONTROL DATA
representative nearest
you, or write our
Minneapolis address,
Dept. E-124.

puter systems contact
CORPORATION

8100 34th Ave. S., Mpls., Minn, 55440
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* CONTROL DATA soft-

ware and support in-
programming
language, monitor sys-
tems, assembly rou-
tines and simulators

cludes




