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Our anniversary pictures came
out fine, but we’re still not
completely happy with them.

We're in a reminiscing mood.

Just ten years ago the General Motors Technical
Center was formally dedicated, became our new
home. It’s an inspiring campus for contemplation
. . . and accomplishment.

What have we been doing this past decade? Research
ranging from adhesion to x-ray diffraction—covering
crystals, corrosion, computers, energy conversion

... magnetics, polymers, reliability, stress . ..

Some specific accomplishments in three broad areas:

®m Research on combustion reactions, vehicle emissions,
emission controls, and smog chemistry. We found

that one-third of the automotive hydrocarbons in the
atmosphere came from crankcase vents. So we shut
them off. We've developed a system for effectively
decreasing the exhaust hydrocarbons too. And we’ve
discovered which hydrocarbons are the worst

offenders in smog formation.

® Trafhc dynamics, vehicle handling, and driver aids.
We've developed mathematical descriptions of road
trafhc situations, pinned down many interrelationships
between car, road, and driver. Our mathematical
models also describe vehicle ride, vibration, and
directional control. And we've explored automatic
highways and car-road communications systems

as new approaches to safe, efhicient travel.

® Engines. Our gas turbines now have good fuel economy,
excellent engine braking, and very low hydrocarbon
emissions. The quiet GMR Stirling engine 1s

extremely efficient, with a closed cycle taking heat

from almost anywhere.

We like our anniversary pictures. But they tell such a
small part of our whole story.

F . | General Motors
UVl | Research Laboratories

. | Warren, Michigan 48090

Research on fuel cell electrodes.

Long path infrared study of smog
photochemistry; study of tire behavior.

Ferroelectric knoj crystals; basic
study of fluid mechanics.

Research on human injury tolerance.
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Chase Manhattan

announces a new concept of service for the
nation’s energy industries

To do a better banking job for Petro-
leum, Coal, Electricity, Hydroelectric
Power and Nuclear Energy, Chase has
become the first of the nation’s banks
to create a single coordinated Energy
Division.

The Division is manned by specialists
who are familiar with the technical prob-
lems and financial needs relating to the

extraction, conversion and transmission
and marketing of energy.

Their primary value to you can be
expressed briefly in this way:

1. You get direct personal service by a
-professional who knows your business.

2. You also have direct personal service
by an experienced banker in the Energy
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Division who is a “pro” in finance.

Beyond this specialized coordination
you have, of course, the total power of
the entire Chase—locally, nationally
and multinationally.

Call us, to use it all now.

LN
t' THE CHASE MANHATTAN BANK

N.A./Member Federal Deposit Insurance Corporation




A WORLD OF EXPERIENCE IN BUSINESS AVIATION

/=

The same thing it means to the airlines.

TSO’s are standards established by the Federal Aviation Agency to help
airlines insure maximum operating reliability.

A TSO is applied to every piece of airline electronic equipment.

At Collins, TSO’s are applied also to every piece of BUSINESS
aviation equipment — flight directors, autopilots, transponders, distance
measuring equipment, radio altimeters, weather radar, antennas,

navigation and ILS receivers, and communication transceivers. 1477 NN
. ‘ o ol COLLINS
Collins applies TSO’s to ALL aviation products — airline and N—r/

business aviation alike.

That's another reason why “Collins” is synonymous with “reliability”
throughout the aviation industry. COMMUNICATION / COMPUTATION / CONTROL

*Technical Standard Order

COLLINS RADIO COMPANY/DALLAS, TEXAS « CEDAR RAPIDS, IOWA « NEWPORT BEACH, CALIFORNIA + TORONTO, ONTARIO
Bangkok * Beirut « Frankfurt + Hong Kong + Kuala Lumpur « Los Angeles « London ¢« Melbourne * Mexico City * New York « Paris « Rome « Washington * Wellington
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Garrard’s
compact

ATG6O...

probably the “best buy”
among all automatic turn-
tables. Features include a
true dynamically balanced
tone arm of the most ad-
vanced tubular, aluminum
construction...a precision
stylus force adjustment...an
arm system which tracks
flawlessly, as light as half
a gram...and a balanced,
heavy, cast turntable. The
AT60, at $59.50 (less base and
cartridge), is one of four ex-
ceptional Garrard Automatic
Turntables.

IMPORTANT READING: 32 page Garrard
Comparator Guide describes all features, Write
Garrard, Dept. GG-426, Westbury, N.Y. 11590

THE COVER

The painting on the cover shows two adjacent cages in one of the batteries
of a modern egg ranch (see “Poultry Production,” page 56). Four hens oc-
cupy each cage; a single battery may hold 3,000 fowl. The caged birds are
virtually immobile; they drink water from a continuous trough and eat a
feed mixture that is carried past the lower part of the cage on an endless
belt. As an egg is laid it rolls down the slanting floor of the cage and is
carried away by a second belt. The birds illustrated here are producers of
eggs for the table; they are single-comb White Leghorns, one strain of a
variety of Mediterranean fowl noted for combining a high annual output
of white eggs with modest food requirements. The painting is based on
equipment on the poultry ranch of Max M. Brender in Ferndale, N.Y.

THE ILLUSTRATIONS

Cover painting by Rudolf Freund
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Los Angeles, August 23-26
New York, September 1-2
Boston, September 6-9

An operating PDP-9 will be at WESCON in L. A. on August 23,
and New York and Boston immediately thereafter.
The PDP-9 is a new, high speed, low cost,
medium size general purpose computer.
If you're thinking of buying a CDC 1700, or an IBM 1800,
or any other 16 to 24 bit computer, then wait.

Think on this. When the PDP-1 was introduced, it was
the world's first computer for less than $100,000.
When the PDP-8 was introduced, it was the
world's first computer for less than $20,000.

The PDP-9 is bigger than the PDP-8. But price and performance
are in our blood. The PDP-9 is worth its wait in gold.

COMPUTERS - MODULES

DIGITAL EQUIPMENT CORPORATION, Maynard, Massachusetts 01754. Telephone: (617) 897-8821 « Cambridge, Mass. « Washington, D. C. « Parsippany, N. J. «
Rochester, N.Y. « Philadelphia « Huntsville « Orlando « Pittsburgh « Chicago « Denver « Ann Arbor « Los Angeles « Palo Alto « Seattle » Carleton Place and Toronto,
Ont. « Reading, England « Paris, France « Munich and Cologne, Germany « Sydney and West Perth, Australia « Modules distributed also through Allied Radio
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LETTERS

Shortly after World War II a small
group of Cincinnatians, in which I was
included, was invited to inspect a
dredging operation on the Ohio River
near Fernbank on the western outskirts
of Cincinnati. We boarded the dredge
and viewed the centrifugal pumps that
drew up sand and gravel from the chan-
nel and discharged it through pipes
onto a level fill between the railroad
tracks and the river.

One of the men in the party picked
up a large copper coin from the gravel.
It was of an obsolete U.S. coinage. I
have forgotten whether it was our guide
or one of our group who told the fol-
lowing story explaining the presence of
the coin in the effluent from the dredge
pumps.

At about the time of the Civil War
there had been a slaughterhouse for
horses near this point on the bank of
the river. At the time the slaughterhouse
was operating it was common practice
to make an incision in a horse’s neck and
push a copper coin into it so that the
coin remained in place under the skin.
When the horses were skinned for their
hides, the coins dropped out, and many
of them that did not find their way into
the pocket of the skinner ended up in
the river. After all these years they were
being thrown back onto dry land by the
dredge. The narrator went on to say
that at the time the slaughtering was
going on it was believed that a copper
coin under the skin of a horse would
prevent some disease.

When I read in the May issue of
ScienTIFIC AMERICAN the article “Che-
lation in Medicine,” by Jack Schubert,
particularly the part about the chela-
tion of copper by aspirin and the pos-
sibility of chelating agents being natu-
rally present in the human body, it
reminded me of the story of the copper
coins under the skins of horses’ necks.
At the time I heard about it I regarded
the practice as based on ignorant super-
stition. Now I wonder if it may not have
been the result of empirical observations
we are now in the process of confirming.

I repeat this story for its interest for
the history of science as well as for the
local history of southwestern Ohio. I
also do so as an illustration of the dictum
among scientists that they should always
be alert to new phenomena, however
strange or contradictory to preconceived

6

ideas they may be, and should never
destroy the record of what appears to be
valid observation of a phenomenon.

Freperic E. HoLMES

Falmouth, Mass.

Sirs:

I enjoyed reading the letter from Mr.
Holmes, and his observation is most
interesting. The implantation of a cop-
per coin in a horse’s neck could have
been done for a good reason. It is known
that sheep and cattle grazing in copper-
deficient pastures in some areas develop
deleterious bone changes, such as brittle
bones and a condition similar to those
that occur in scurvy. Such bone changes
also occur in areas that have very high
levels of molybdenum in the vegeta-
tion. The molybdenum can produce
copper deficiency by causing high ex-
cretion of copper. As far as I have been
able to ascertain, adult horses in these
areas do not appear to be affected—the
reason being that for one thing they re-
quire less copper and that they prob-
ably are given a supplementary feed
of chaft and oats imported from other
areas. Bone changes have been reported,
however, in young horses in Australia
grazing in copper-deficient pastures.

It is conceivable, therefore, that the
horses mentioned by Mr. Holmes may
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have lived in an area in which the foals
were adversely affected by a deficiency
of copper. Since their copper require-
ment is very small, enough copper could
be absorbed from the implanted cop-
per coin to counteract a minor degree
of copper deficiency and thus prevent
lameness. I might add that the de-
ficiency of iron and other metals in
plants has often been treated by the use
of a given metal or metal salts. Now-
adays, however, metal deficiency in
plants is more satisfactorily treated with
metal chelates because they render the
metal more readily available to the
plant, as in the treatment of iron de-
ficiency (chlorosis).

Jack ScuuBerT, Pu.D.

Graduate School of Public Health
University of Pittsburgh
Pittsburgh, Pa.

Sirs:

D. D. Kosambi, the author of “Scien-
tific Numismatics” [SCIENTIFIC AMERI-
caN, February], may be interested to
know that at least one investigation has
been made of the absorption rate for
U.S. coins. Using the same assumption
of exponential absorption, Dr. E. N.
Gilbert of the Bell Telephone Labora-
tories found that the half-life of Lincoln
pennies is about 12.1 years. For his
analysis he used a sample of 2,041 Lin-
coln pennies minted in Philadelphia and
collected in a UNICEF Halloween drive
in Summit, N.J., in 1963. Since he had
available U.S. Mint records giving the
number of coins minted each year, Gil-
bert did not have to make Kosambi’s
tacit assumption that the number of
coins minted a year was roughly con-
stant. Gilbert found that one date ap-
peared in his sample far more rarely
than the theoretical absorption curve
predicted—the 1943 penny. These were
made of steel coated with zinc in order
to conserve copper during World War
II; they corroded badly and the Gov-
ernment has systematically removed
them from circulation. If one is willing
to assume that the price of a rare coin is
proportional to the average length of
time it would take to find one by
sampling coins in circulation, Gilbert
points out that the 12-year half-life is
quite consistent with Lincoln penny
prices as quoted by coin dealers in
1961.

A. Ross ECKLER

Morristown, N.]J.



An Allen-Bradley announcement
of importance to motor designers

The new MOG6-C ferrite magnet having 30% higher intrinsic coercive force

B The new Allen-Bradley MOG6-C ceramic permanent
magnets provide at least 309, increase in the highest
previously available intrinsic coercive force—obtainable
with A-B’s MO5-C material. This advance is achieved
with the same high residual flux density.

Designers of permanent magnet motors have a choice
of these advantages—309, higher resistance to demag-
netization, or 309, increase in motor output, or 309,
increase in cold temperature protection. In fact, where
the higher coercive force is not required, the designer
can give himself a 309, reduction in magnet size.

This new Allen-Bradley MOG6-C material opens the
door to such motor designs where permanent magnets
heretofore were not practical, namely for motors used
in many portable tools and appliances. Like with the
MOS5-C material, these new MO6-C magnets are radially
oriented, and are available in virtually all sizes and
shapes currently being produced in segments for motors
from 34" diameter to 10 hp. While MO5-C magnets will
continue to satisfy most needs, MOG-C enables de-
signers to satisfy more exacting motor design require-
mentsbecause of its unusually high intrinsic coercive force.

Allen-Bradley application engineers will be pleased
to help you obtain maximum economy in your motor
design through optimizing magnet performance. Please
let us hear from you. Allen-Bradley Co.,1204 S. Third St.,
Milwaukee, Wis. 53204. In Canada: Allen-Bradley
Canada Limited. Export Office: 630 Third Ave., New
York, N.Y., U.S.A. 10017.
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The newest Burroughs 500 System

Announcing the Burroughs B 6500

A new electronic data processing system
with software that is ready

The B 6500 will have the
kind of multiprocessing abil-
ity, dynamic modularity and
high through-put per dollar
proved in use by the B 5500.

In the B 6500, all these ad-
vantages are greatly enhanced
by new hardware technology.
The result: A system which is
ideally suited to engineering/
scientific jobs or business
applications or a combination
of both. A highly advanced
time-sharing system which
completely obsoletes the rigid
time allocations for on-site vs.
remote-site work. With the
B 6500, numerous jobs—all
completely different—can be
multiprocessed at the same
time, regardless of origin.
And all, of course, under full
software control.

right now

. J

High speed monolithic
integrated circuits
The clock rate of the B 6500 is
5 megacycles—an extremely
fast speed made possible by
the system’s monolithic inte-

grated circuitry.

© 1966 SCIENTIFIC AMERICAN, INC

Fast memory speed
with thin film

The memory cycle time of the
B 6500 is 600 billionths of a
second—so fast that it cannot
be equalled except by giant
systems at a giant cost.



Consider our accelerating success with the unique B5500 - or
better still, see it demonstrated. Now, for requirements that
extend beyond this already powerful computer, the new B6500
implements that same proven software and internal organization
by 5 times the processor speed, 7 times the memory speed,
up to 3 times the memory capacity, and twice the 1/0 capability.

M
v

M

Large memory
capacity
The B 6500 provides up to
106,496 words of thin film
memory. This extensive ca-
pacity is available in func-
tionally independent banks.

Input/OQutput
Multiplexor

This is a device which pro-
vides up to eight high speed
input/output operations
simultaneous with each other
and one or both processors.

Burroughs Corporation 5.
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We can’t show you the hard-
ware today. But we can
demonstrate the internal
organization and proven soft-
ware: A comprehensive oper-
ating system that schedules
and controls many jobs at
once. Simultaneous COBOL,
ALGOL and Fortran compi-
lations. Even a mixture of
batch and random access
processing plus time-sharing.

Your local Burroughs repre-
sentative will be glad to
arrange such a demonstration
or to discuss other Burroughs
500 Systems. Or write us at
Detroit, Michigan 48232.

ghs




20 AND 100
YEARS AGO)

SCENTIRCAMERICAN |

JULY, 1916: “Probably not until the
official annals of the war are published
years hence will the true secret of the
Verdun operations be known. Despite
the dispatch of at least two army corps
from west to east, the threatening mass-
ing of British forces behind the lines
and the incontrovertible tales of losses
which have cut severely into the avail-
able reserves of Germany, the battalions
of the Crown Prince continue their
assaults at Verdun, seemingly with un-
abated fury and disregard for casual-
ties. Whether these attacks are con-
tinued by the pure initiative of the
Teutons or are necessitated by French
vigor of operation one cannot definitely
tell. It seems too late for even a Ger-
man success at Verdun to be of material
benefit; the time seems past when such
a success would severely shake the mo-
rale of France, for with the passing
months of the battle-siege and the te-
nacity with which General Pétain’s
troops have clung to the position of ac-
knowledgedly little military value, all
France is reported to have taken heart,
even so far as to bear up should the so-
long-defended position be evacuated.”

“A proposed machine for computing
perturbations of the planets is described
in a recent memoir by the Finnish
mathematician K. F. Sundmann, an ex-
tensive abstract of which has been pub-
lished by Dr. Heber D. Curtis of the
Lick Observatory. The machine which
Sundmann hopes to construct will make
the marvelous tide-predicting machines
seem simple by contrast. Indeed, it is
almost incredible that anyone should
think of solving by mechanical means
the question of the perturbations of a
planet over long periods of time; but
on the other hand, as Dr. Curtis points
out, with the ever-increasing list of as-
teroids (the number of which will prob-
ably pass the 1,000 mark in a few
years), ‘if we are not to neglect any
of these bodies, something in the nature
of a “perturbation machine” would seem
to be absolutely necessary.” Detailed
plans of this ‘perturbograph’ have been

10

drawn, and it is believed that perturba-
tions can be secured with it with an
error of less than 1 per cent of their
magnitude. The machine would have a
speed of movement such that one revo-
lution of Jupiter would take about sev-
en minutes, so that an interval of 10
days would correspond to one second.
Two persons could set the instrument in
about 25 minutes. With the aid of prop-
er auxiliary tables it should be possible
to determine the perturbations for all the
oppositions during a revolution of Jupi-
ter—i.e., for about 12 years—in one hour.”

“Estimates of the age of the earth
based on radioactive and ordinary geo-
logical phenomena differ greatly from
each other. Professor Joly has suggested
that the discrepancy between the radio-
active and geological estimates would
disappear in favor of the former if it
could be shown that the rate of decay
of uranium had decreased with the
lapse of time. Readers of the novels of
H. G. Wells, who is rapidly attaining
the reputation of a Mother Shipton on
the strength of the things in his stories
which have later come to pass, will re-
call that in describing the death-dealing
‘atomic bomb’ he introduced a concept
similar to this—that of a disintegrating
element which in any period of a cer-
tain fixed length dissipates exactly half
of its initial substance for that period.
More rapid decay would, however, have
been attended by a more rapid genera-
tion of heat of radioactive origin, and
this would have prolonged or even re-
versed the secular cooling of the crust,
again indicating an excessively great
age for the earth. The escépe from the
dilemma would appear to be to deny
that the earth’s surface was formerly in
a molten condition. The whole subject
is, of course, largely speculative in the
present state of science. It will, how-
ever, help greatly to elucidate the prob-
lem of the earth’s age if it can be de-
termined whether the rate of decay of
uranium is dependent upon time, pres-
sure and temperature.”

JULY, 1866: “Prof. Henry Draper
writes in a new periodical called the
Galaxy:—The celebrated nebular hy-
pothesis of Herschel and Laplace,
which assumes that our solar system
was at one time a gaseous mass, ex-
tending beyond the orbit of the farthest
planet, Neptune, has been very freely
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discussed and has received much ad-
verse criticism. Many strong objections
have been urged against it, but the
spectroscope confirms it. On applying
the spectroscope to the investigation of
the irresolvable nebulae, Huggins finds
that some of them present the spectra
characteristic of an ignited gas, that is,
of a flame. The Fraunhofer lines in that
case are bright instead of dark, as in the
solar spectrum, and the evidence is of
a very tangible and unmistakable kind.
There are, then, in space masses of ig-
nited gaseous matter of prodigious ex-
tent, shining by their own light, con-
taining no star and resembling the
nebulae, which the nebular hypothesis
declares to have been the original state
of the solar system.””

“The Great Eastern, with the Atlantic
cable on board, will leave Shearness on
the last day of June and commence lay-
ing operations about the 10th of July.
She will be accompanied by the steam-
ship William Cary, 1,500 tuns, the screw
steamer Medway, 1,900 tuns, the screw
steamer Albany, 1,500 tuns, and the
man-of-war Terrible. The British gov-
ernment will lend only one ship this
time. In the attempt to raise the old
cable it is intended that three ships will
grapple it at once, and the westernmost
of them will put on the greatest lifting
strain, so that should it break the cable
the other two ships will have a com-
paratively easy task to raise it, the strain
being taken off one end of the loop.”

“The Great Northern Railway of
England was the scene of an extraordi-
nary casualty on June 14th, which was
entirely unprecedented. It seems that a
freight train broke down in a tunnel,
and the precaution of flagging ap-
proaching trains having been neglected,
one came along soon after and piled it-
self on the top of the freight train. Even
this experience did not suffice, and a
few minutes later another train came
in from the other end and dashed on
top of the rest. This jammed the tunnel
full to the very crown, and one of the
engines having turned over, the coals
fell out and set fire to the combustibles.
For two days this fire burned unhin-
dered, for the simple reason that it was
impossible to check it. The noise of the
fire, caused by the heated air rushing
out of the confined place, is said to
have been fearful. The immense traffic
of the road was entirely stopped for the
period mentioned. All this was caused
by the simple neglect in the first in-
stance of not flagging the coming trains.
Only two lives were lost.”



Report from

BELL

LABORATORIES

“Beam lead” technique for fabricating solid-state

Magnification: 125X (color square is period at end of this sentence, to same scale)o._}

devices

Row or ‘‘ladder’” of beam-lead transistors fabricated experimentally at Bell Laboratories has a transistor every 16 mils
along its length. Each transistor (on light-gray areas) has three beam leads (dark-gray rectangular areas) for electrical
and mechanical connection. The side rails at top and bottom of photo are used only for support and ease of handling.

To make tiny solid-state devices
and circuits, groups of elements are
generally formed on a single semi-
conductor slice or substrate. Then
the slice is “diced” (physically sepa-
rated) into pieces as either individual
units or groups of units for integrated
circuits. If used individually, they are
connected to terminals or to other
devices with short segments of ex-
tremely fine wire—a difficult and
time-consuming operation. If used as
groups of devices, they often need
special processing to electrically iso-
late those making up cach circuit.

Bell Laboratories’ M. P. Lepselter
has developed a promising solution
to both of these problems. After the
device elements are formed, mechan-
ically strong electrical leads are de-
posited onto them. These electrically
and mechanically intraconnect the
devices and circuits. Unwanted semi-
conductor material between the in-
dividual devices in a circuit is then
removed . .
cally, yvet leaving them mechanically

. isolating them electri-

joined. This permits batch processing
of electrical leads, eliminating many
individual connections and requiring
only connection to external terminals.

Thus, handling tiny devices and
circuits is simplified. The leads, pre-
cisely positioned with respect to each
other, are easily connected to a cir-

cuit board or other support, perhaps
eventually by automated techniques.
They are strong enough so that the
semiconductor wafer or chip needs
no further attachment to the sub-
strate. Entire circuits joined by beam
intraconnections can be handled as
one unit.

M. P. Lepselter examines beam-lead model (enlarged about 300 times). Beams were thermally
aged in 360° C steam for 1000 hours, centrifuged to 130,000 G, bent 90° twenty times without
failure. Beams can be tapered for smooth impedance matching, widened to act as heat sinks.
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THE NEED Froiicion Sottionscks.
THE MATERIALS

Silicones: that defoam faster: that give quicker, cleaner release to
molded products; that improve yields of urethane foams; countless
other silicones to solve profit-killing production problems.

THE SUPPLIER .o

where market-minded development men find answers to materials
problems. Perhaps yours. They're previewed in our bimonthly publi-
cation, Materials News. Get it free . . . write on your company letterhead
to: Dept. 9707, Dow Corning Corporation, Midland, Michigan 48640.

DOW CORNING
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SIR EDWARD BULLARD (“The
Detection of Underground Explosions”)
is professor of geophysics at the Uni-
versity of Cambridge. A Fellow of the
Royal Society and a foreign associate of
the U.S. National Academy of Sciences,
Sir Edward has spent much of his career
at Cambridge, of which he is a gradu-
ate. During interludes away from the
university he has served as chairman of
the physics department at the Universi-
ty of Toronto and director of the
British National Physical Laboratory.
He is interested in most aspects of the
study of the solid earth, particularly in
the geology of the oceans and in the
earth’s magnetic field. Sir Edward has
attended many conferences on the ban-
ning of nuclear tests by treaty; the first
was the meeting of scientific experts
from several nations at Geneva in 1958.

LOUIS Z. COOPER (“German
Measles”) is assistant professor of pedi-
atrics at the New York University School
of Medicine. After graduation from Yale
College in 1954 and the Yale University
School of Medicine in 1957 he served
an internship, a residency and a post-
doctoral fellowship in various New En-
gland hospitals, with a two-year period
of service as a medical officer with the
Air Force. During his military tour he
was chief of medical service at a 50-bed
hospital serving an Air Force base in
Labrador. Cooper spent a year as an
instructor in medicine at the Tufts Uni-
versity School of Medicine before join-
ing the medical faculty at N.Y.U. in
1964.

DAVID KAHN (“Modern Cryptol-
ogy”) is an amateur cryptologist who
works in Paris as a news editor for the
European edition of the New York
Herald Tribune. Through his avocation
he has become president of the Ameri-
can Cryptogram Association; he is also
a past president of the New York Cipher
Society. Kahn’s extensive writings on
cryptology include a book tentatively
entitled The Codcbreakers; it is a his-
tory of cryptology and is scheduled for
publication this fall. Kahn maintains a
large collection of books, articles, pat-
ents and miscellaneous

cryptology.
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WILBOR O. WILSON (“Poultry
Production”) is professor of poultry
husbandry and chairman of the depart-

ment of poultry husbandry at the Uni-
versity of California’s Davis and Berke-
ley campuses. He joined the depurtment
in 1946, having previously been at
South Dakota State University. Wilson
did his undergraduate work at Okla-
homa State University, being graduated
in 1932, and received a master’s degree
from Kansas State University in 1933
and a doctorate in animal breeding from
Iowa State University in 1947. He is the
author of many papers on environmental
physiology and biometeorology. Wilson
writes that he is “truly a native Ameri-
can by birth” because both of his par-
ents “were a fraction of Indian extrac-
tion, being members of two of the Five
Civilized Tribes (Choctaw and Chicka-
saw) of Oklahoma.”

GILBERT SHAPIRO (“Polarized Ac-
celerator Targets”) is a senior postdoc-
toral fellow at the Laboratory of High-
Energy Particle Physics at Saclay in
France. While holding the fellowship,
which was granted by the National Sci-
ence Foundation, he is on leave from
the University of California at Berkeley,
where he has been assistant professor of
physics since 1963. Before that time he
spent two years as a physicist at the
Lawrence Radiation Laboratory (oper-
ated by the University of California for
the Atomic Energy Commission) and six
years at Columbia University, where he
received a Ph.D. in 1959. Shapiro was
graduated from the University of Penn-
sylvania in 1955.

BASTIAAN ]. D. MEEUSE (“The
Voodoo Lily”)is professor of botany at
the University of Washington. As a boy
in the Dutch East Indies (now Indo-
nesia) his interest in botany was aroused
by the botanical garden in Buitenzorg
(now Bogor). After his family returned
to the Netherlands he studied biology at
the University of Leiden, receiving a
bachelor’s degree in 1936 and a master’s
degree in 1939. Four years later he ob-
tained a doctorate in plant physiology
from the Technical University of Delft.
After some years of teaching in Holland
and an 18-month interlude at the Uni-
versity of Pennsylvania on a Rockefeller
Foundation fellowship, he went to the
University of Washington in 1952,
Meeuse writes that his chief interests
are in “plant physiology and plant bio-
chemistry, algae, the chemistry of car-
bohydrates, animal behavior, entomolo-
gy and pollination.” Most of his current
work is in the biochemistry of algae and
the respiration of plants.

LLOYD R. PETERSON (“Short-Term
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Memory”) is professor of psychology at
Indiana University. He is a native of
Minneapolis and was graduated from
Gustavus Adolphus College in St. Peter,
Minn., in 1944. He obtained master’s
and doctor’s degrees from the University
of Minnesota in 1951 and 1954 respec-
tively. Peterson has been at Indiana
University since 1954 except for the
academic year 1964-1965, when he was
visiting professor at the University of
California at Berkeley and a research
psychologist at the Institute of Human
Learning there. His research interests
include not only short-term memory but
also the processes involved in learning
and thinking. In some of his work Peter-
son has had the assistance of his wife,
Margaret Jean Peterson, who received a
Ph.D. in psychology at the University
of Minnesota in 1955.

DON B. SULLENGER and C. H. L.
KENNARD (“Boron Crystals”) are re-
spectively an investigator at the Mound
Laboratory (which is in Miamisburg,
Ohio, and is operated by the Monsanto
Research Corporation for the Atomic
Energy Commission) and a lecturer in
inorganic chemistry at the University
of Queensland in Australia. They met at
Cornell University, where Sullenger was
a candidate for a doctorate in physical
chemistry and Kennard was a postdoc-
toral fellow. Sullenger previously had
received a bachelor’s degree at the Uni-
versity of Colorado, served in the U.S.
Army during the Korean war and
worked at the General Electric Re-
search Laboratory. He has been at the
Mound Laboratory since 1962, working
on structural problems of plutonium and
attempting to solve the structures of
some newly obtained forms of boron
and borides of very heavy metals. Ken-
nard obtained a Ph.D. in crystallogra-
phy at the University of New South
Wales in 1961, spent two years at Cor-
nell and then was a postdoctoral fellow
at the University of Washington before
taking his present position. Kennard’s
principal research interest is the crystal
structure of metal complexes. Sullenger
has two young sons and Kennard one;
each father reports that the many
models of crystal structure around the
house are a source of great delight to
his offspring.

ASA BRIGGS, who in this issue re-
views Sclections from “London Labour
and the London Poor,” by Henry May-
hew, edited by John L. Bradley, is pro-
fessor of history and dean of the School
of Social Studies at the University of
Sussex.
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How to Build a Missile Submarine: A report from General Dynamics

REQUIREMENT : “Build a missile
base that can be hidden under the
ocean; that ¢an keep moving so swiftly,
so quietly, that it cannot be found. Al-
though it will never be used unless the
United States is first attacked, build it
so that it and its crew can be kept so fit,
so efficient, that it can respond instantly
should the order come.”

ANSWER: The SSBN—Submarine
Ballistic Nuclear—more commonly
known as the Polaris submarine.

The nuclear-powered submarine has
revolutionized naval strategy. Freed
from dependence upon the atmosphere
or refueling, such a ship can remain sub-
merged for months on end. The addi-
tion of a ballistic missile that can be
fired from beneath the sea creates an
invulnerable deterrent against attack.

General Dynamics delivered the
United States Navy’s first submarine,
the Holland, in 1900. Since then we’ve
built 250 undersea vessels for the Navy,
including the first nuclear-powered sub-
mersible, the Nautilus.

But the Navy’s Polaris submarine, the
most complex ship yet devised, has also
created a revolution in shipbuilding.
Questions of seaworthiness and habita-
bility that must be factored into any
ship are multiplied a thousandfold.

Jigsaw puzzle:

The first essential in building a missile
submarine is the integration of literally
millions of parts, all of which must be

designed to work together as a unity
within the 425-foot length of the fish-
shaped ship. Here are a few:

A nuclear reactor, turbines, gyro-
scopes, marine propulsion equipment,
sixteen nuclear-tipped Polaris missiles,
fire-control and navigation systems, wa-
ter distillers, air purifying equipment,

A new Polaris submarine being
launched by General Dynamics.

computers and defensive weaponry.
Navigation and weapons control
alone involve six different sonar sys-
tems, fourteen different radio systems,
two or three Ship Inertial Navigation
Systems, a LORAN (Long Range Aid to
Navigation) system, a TRANSIT system
(for contact with satellites), star track-
ing facilities and almost forty comput-
ers. All these, scattered throughout the
ship, must be tied together into one
central control for instant reaction.
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The ship must even carry its own spares,
more than 30,000 different listings, each
representing several sizes.

But creating a complete Polaris sub-
marine system involves far more than a
fitting job.

How do you join metals to withstand
terrific pressures? How often does a
man turn in his sleep? How do you keep
a missile platform rock-steady in a
rough sea? How do you muffle the noise
of moving parts? How do you keep air
fresh in a sealed environment?

Steady and quiet:

SSBNs are built of HY-80 steel, an al-
loy that can withstand stresses of up to
80,000 pounds per square inch.

But when the first ship was being
built of HY-80, the metal behaved dif-
ferently on outdoor building ways than
it had in prior laboratory tests. The an-
swer turned out to be one of the simpler
ones. Indoor metallurgical laboratories
had been warm. Outdoors, the weather
got cold. Now strip heaters warm steel
hull sections to a constant 200 degrees,
regardless of weather, throughout the
joining process.

To launch a Polaris missile success-
fully, the ship must be as stable a plat-
form as solid earth, maintaining precise
depth no matter how rough the sea.
Making this possible was one of the
toughest single design problems.

A submarine is controlled through a
combination of rudders, planes (some-
what like the wings of an aircraft), and




ballasting. To rise or descend, the ship
must take on or force out ballast, in the
form of tons of water. Ballast in vari-
ous areas of a ship is continually being
changed to maintain trim. An elaborate
sensing and control system was devel-
oped to coordinate all parts of the com-
plex in a perfect and delicate ballet.

In the depths, a nuclear submarine
can be located mainly by sound. Any-
thing that moves is soundproofed or
cushioned. Shaft vibration of electric
motors is reduced to less than ten-
millionths of an inch. Hull openings,
through which thousands of gallons of
water must flow within seconds, are de-
signed to minimize turbulence noise.

The millions of parts are supplied by
some 11,000 industrial companies and
Government agencies.

To insure total reliability, General
Dynamics makes more than 50,000 tests
—radiographic, ultrasonic, chemical and
hydrostatic—on the ship’s systems, not
counting those on electronics and weap-
onry. Even nuts and bolts must be stan-
dardized and inspected.

Making it livable:

Extended submerged patrol also created
new questions of habitability. More
than 75 percent of the total space in-
side a missile submarine is taken up by
equipment or stores. In the remaining
area some 140 men must live and work,
comfortably and efficiently, for 60 days.

The submarine’s galleys, not much
bigger than the average suburban kitch-
en, are organized to store, prepare and
serve more than 800 full-course meals
or snacks every day. Compact equip-
ment distills 10,000 gallons of potable

water daily. Laundries, pianos. ice-cream
machines, are adapted to fit the available
space.

Even sleep became a design problem.
A seven-inch differential in the original
space between multi-tiered bunks lets a
crewman toss and turn normally to rest
tired muscles.

On patrol the undersea sailor is rare-
ly more than 150 feet from an operat-
ing nuclear reactor, yet shielding is

Crewmen on a Polaris submarine
conduct a missile launch drill.

made so effective that the submariner
absorbs less total radiation than he
would under normal surface conditions.

Breathing easy:

With nuclear propulsion, engines no
longer need air, but men do.

The average young adult male
breathes in about two pounds of oxygen
each day; breathes out about two and
one quarter pounds of carbon dioxide.
In a sealed atmosphere the air could
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quickly become poisonous. The first nu-
clear submarines still surfaced periodi-
cally to refresh the air. When sustained
submersion became the rule, air regen-
eration became necessary.

Oxygen is electrolytically processed
from water. Banks of scrubbers, pre-
cipitators and catalytic burners remove
the carbon dioxide and the 300 or so
contaminants that can build up within
a nuclear submarine.

Enough air conditioning to cool a
small town dissipates the heat generated
by machinery and human bodies. At the
end of a long patrol, the air aboard a
missile submarine is far cleaner than
that of the average American city.

General Dynamics delivered the
George Washington, the first Polaris
submarine, in 1959. This month we
launch the Will Rogers, the forty-first
of these extraordinary ships that help
the United States Navy guard the peace
of the world.

Between the George Washington and
the Will Rogers, a number of evolutions
have taken place. New generations of
submarine ships may be as much an ad-
vance over current models as the Polaris
submarine is over the old Holland.

General Dynamics is a company of sci-
entists, engineers and skilled workers
whose interests cover every major field of
technology, and who produce: aircraft;
marine, space and missile systems; tac-
tical support equipment; nuclear, elec-
tronic,and communication systems; ma-
chinery; building supplies; coal, gases.

GENERAL DYNAMICS

One Rockefeller Plaza, New York, New York 10020




Do you know a good deal
when you see it?

Then see il.

It’s all over the place in Massachusetts: just the
kind of plants, sites and service your industry is
looking for. There’s one good deal after another
here, whether your business is new to the Com-
monwealth, or whether you’re contemplating
expansion within the Bay State.

From eastern shores to western forest areas,
existing plants are immediately available. Count-
less building sites are convenient to super high-
ways, seaports, air terminals, power plants.

Seek executive talent? It’s a regular product of
the Commonwealth’s 113 institutions of higher
learning. Make use of Massachusetts’ unsurpassed
laboratories and research facilities. Employ a
quality labor force, with a record among indus-
trial states of fewest “days lost” through worker-
management disputes.

Now contemplate a figure of $319,000,000. That
sum represents the revised planned capital ex-
penditures for 1965 by Massachusetts Manufac-
turers, an increase of 12.6 percent over 1964 and
the largest amount spent since 1957.*

Massachusetts certainly represents a good deal
for your industry. For detailed information on
this “hot property,” write or call

MASSACHUSETTS DEPT. OF

COMMERCE & DEVELOPMENT
100 CAMBRIDGE ST., BOSTON, MASS. 02202
Telephone (617) 727-3210

* 1965 Capital Expenditures Survey Conducted by the Federal Reserve
Bank of Boston.
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The Detection ol Underground Explosions

New methods make it possible to identify as such the great

majority of earthquakes and explosions. Thus the technical

basis for extending the ban on nuclear tests is established

underground  explosions  dates

from 1958. In that year a con-
ference of “experts” was held in Geneva
to study methods of detecting violations
of a possible agreement on the suspen-
sion of nuclear tests. At that time the
interest in an agreement to stop testing
came mostly from a wish to slow the
arms race and to moderate the “cold

f ;erious interest in the detection of

-

SUBSIDENCE CRATER was left by a nuclear explosion set off
1,620 feet belowground at the Nevada test site of the U.S. Atomic
Energy Commission. The explosion, of “intermediate yield,” took

by Sir Edward Bullard

war”; it was thought that it might be
relatively easy to reach an agreement in
this field and that it might then be pos-
sible to make progress in related fields
of disarmament and arms control. The
wish to halt the contamination of the
atmosphere was also a powerful motive,
but this is not relevant to underground
testing. Since the conclusion of the
treaty prohibiting atmospheric tests

L . asaalpd e o - s

-
— -
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both France and China have exploded
nuclear devices, thus increasing the
membership of the “nuclear club” from
three to five. The main reason today for
wishing to stop underground testing is
the desire to hinder additional nations
from developing nuclear weapons by
persuading them to join in a test-ban
treaty.

The 1958 conference showed how

£

place in a formation of volcanic tuff. The “chimney” produced by
the explosion, however, extended upward into alluvium, a loosely
consolidated material, with the result that the chimney collapsed.
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PUDDLE OF
RADIQACTIVE GLASS "

UNDERGROUND NUCLEAR EXPLOSION leaves a rubble-filled chimney above a pud-
dle of radioactive glass. The explosion that produced this result at the Nevada test site was
named “Rainier.” The shot was fired at a depth of about 800 feet. Because the yield of the
Rainier explosion was so low (1.7 kilotons) its effects did not extend upward into the allu-
vium above the chimney and thus the chimney did not collapse to produce a crater at
the surface. The explosion created a temporary cavity (white dot) 19.8 meters in radius.
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little anyone knew about underground
explosions. To remedy this situation
large programs of investigation were
started in both the U.S. and Britain. My
purpose is not to describe the renewal
of the whole field of seismology that has
followed from this work but to sum-
marize the present state of affairs as it
relates to the detection of clandestine
tests of nuclear weapons below the
surface of the earth. The detection of
such tests has three aspects: detection,
location and identification. Has any-
thing happened? If it has, where did it
happen? Was it a nuclear explosion?

When a nuclear explosion occurs in
a cavity within the earth, the explosive
device is converted to a very hot gas
that reaches the wall of the cavity as
a shock wave. The pressure exerted on
the wall produces stress differences
much exceeding the strength of the
rock, and the temperature near the wall
rises above the melting point. A “plastic”
wave travels through the rock, leaving
it permanently distorted. The wave
spreads for a few hundred meters until
it is so attenuated by spreading and ab-
sorption that it can no longer perma-
nently distort the rock. Beyond this
point the plastic wave becomes an
elastic wave and is propagated much as
if it had been produced by an earth-
quake. Some seconds or minutes after
the explosion the roof of the cavity col-
lapses, leaving a chimney-like hole filled
with debris and with a puddle of molten
rock at the bottom. Much work has
been done on the processes occurring in
the immediate neighborhood of the ex-
plosion, and the main features of these
processes are understood.

From the point of view of detection

the important result of an under-
ground explosion is the motion of the
ground produced by the seismic wave at
distant points. It is customary to use
the measured ground motions at such
points to calculate a quantity known as
the magnitude of the earthquake or ex-
plosion causing the seismic waves. The
magnitude is intended to be a measure
of the energy in these waves. Owing to
the large range of energies to be cov-
ered the scale is a logarithmic one; each
increase of one unit in the magnitude
corresponds to an increase of 250-fold
in the total seismic energy. The relation
of magnitude to seismic energy is very
uncertain, perhaps by as much as a fac-
tor of four. Our interest, however, is
not in the seismic energy but in the
ground motions. In spite of the uncer-
tainty in the relation of the magnitude
to energy, the magnitude does constitute



a useful summary of the observed
ground motions.

The energy in the seismic waves is of
course only a part of all the energy
released by an explosion; in smaller ex-
plosions it is commonly a few parts per
thousand of the entire energy. The prin-
cipal matter of practical significance
is the energy of the explosion—the
“yield”—needed to produce seismic sig-
nals of a given magnitude. This energy
depends on the nature of the material in
which the explosion occurs. The explo-
sive energy needed to produce a given
seismic effect in alluvium—unconsolidat-
ed material of the kind deposited by
a river—is about 10 times the energy
needed in granite. The volcanic tuff of
the test site in Nevada requires twice
the explosive energy that is needed in
granite. It is unlikely that a clandestine
explosion would be made in alluvium;
the unconsolidated material above the
cavity made by such an explosion usual-
ly collapses, leaving a crater at the sur-
face that could be photographed by a
reconnaissance satellite [see illustration
on page 19].

There has been considerable differ-
ence of opinion as to the true relation
between explosive energy and seismic
magnitude. From the study of a large
number of explosions it appears that the
amplitude of the first few cycles of
ground motion at distant stations is pro-
portional to the energy released by the
explosion. From this it may be deduced
that the magnitude increases by one for
a tenfold increase in the explosive en-
ergy [see illustration at right]. Most
relations previously proposed gave a
slower increase in magnitude with ex-
plosive energy. The revision is due to
the results from the 80-kiloton explo-
sion (“Longshot”) recently set off in
hard rock in the Aleutian Islands, which
gave records of amplitude comparable
to a magnitude-six earthquake.

There is little room for difference of
opinion concerning smaller magnitudes,
for which data are available from nu-
merous test explosions: an explosion of
one kiloton in hard rock produces a
magnitude-four seismic signal. The size
of the smallest underground explosion
that would be important in verifying a
test-ban agreement is not well defined;
in most discussions the lower limit has
been considered to be a yield of a few
kilotons, corresponding to a seismic
signal of about magnitude four.

Because the surface of the earth is in

continuous motion all seismic sig-
nals have to be detected against a back-
ground of seismic noise. The main ad-

vances in recent years have resulted
from improvements in the ratio of sig-
nal to noise. These improvements are of
three kinds: the choice of quiet sites, the
use of arrays of instruments and the
processing of the recorded signals.

The background noise has many
causes, among which are storms at sea,
waves breaking on the shore, the rock-
ing of trees and buildings by the wind,
vibrations from traffic and machinery
and the effects of innumerable earth-
quakes too small to be detected individ-
ually. The amount of disturbance varies
greatly from place to place, and one
of the most useful seismological dis-
coveries of recent years is that there
exist sites where the noise level is ex-
ceptionally low. As might be expected,
such sites are on hard rock, in the in-
teriors of continents and remote from
industrial activity. Excellent sites have
been found at Yellowknife in north-
western Canada, in the mountain states
of the U.S., in the Sahara, in India and
in Australia; doubtless others could be
found in the U.S.S.R., Africa and South
America.

The background noise has a spectrum
with a broad maximum at periods of

oscillation between five and 10 seconds,
whereas the bulk of the energy in the
initial part of a seismic record (the P
wave, or compressional wave) has pe-
riods between .5 and 1.5 seconds. A
considerable improvement in the ratio
of signal to noise can therefore be ob-
tained by passing the signal through a
filter that removes signals with periods
greater than about one second. It is also
desirable to remove signals whose fre-
quencies are above 10 cycles per sec-
ond; there is appreciable noise and al-
most no signal in this frequency range.
When this filtering has been done, the
ground motion at the best sites is less
than 10-7 centimeter—only a few times
the diameter of an atom—for a large
part of the time. A poor site may give
values 10 or 100 times greater.
Background noise is not the only im-
pediment to obtaining a clear record
of an explosion or earthquake. As a
seismic wave travels through the earth
it is reflected and scattered by discon-
tinuities. Such reflected and scattered
waves complicate the signal and in-
crease the difficulty of extracting infor-
mation about the source. A rather
similar effect is produced by scattering
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SEISMIC MAGNITUDE

EXPLOSIVE ENERGY required to produce a seismic disturbance of a given magnitude is
shown for three kinds of material. There is some evidence that the curves for alluvium and
tuff should bend upward to give lower magnitudes for large explosions. A kiloton is the
energy released by the explosion of 1,000 tons of TNT, equivalent to about 4.2 X 1019 ergs.
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COMPARISON OF EXPLOSION WITH EARTHQUAKE shows
that an earthquake (left) characteristically produces compressional
P waves and distortional S waves, both of which vary with direc-

from topographic irregularities at the
surface of the earth near the seismo-
graph. This “signal-generated noise” is
particularly troublesome when a large
part of the path of the signal from
source to seismograph runs through the
outermost part of the earth. At greater
distances the seismic ray goes steeply
down from the source and steeply up to
the seismograph [see illustration below].

EXPLOSION

There is then only a small part of its
path over which it is affected by the
complications of geology; the greater
part is deep in the earth’s mantle, where
the material is more uniform than it is
near the surface. Accordingly if one
wishes to study the structure of the
earth’s crust, one should make measure-
ments within, say, 1,000 kilometers of
the seismic source, but if one wishes to

P+

tion. In contrast, an explosion (right) produces an initial outward
compressional motion in all directions. An earthquake normally
originates in a fault where two bodies of rock slip past each other.

study the nature of seismic sources or
to detect clandestine explosions, one
should observe at distances beyond
3,000 kilometers.

Between 3,000 and 10,000 kilometers
the amplitudes of the first few cycles
of the seismic signals are as great as
or greater than they are between 1,000
and 2,000 kilometers. Beyond 10,000
kilometers the earth’s core casts a shad-

SEISMIC WAVES, whether produced by an earthquake or an ex-
plosion, can be recorded at great distances. In fact, the signals re-
ceived at distances between 3,000 and 10,000 kilometers from an
event are usually clearer than signals received within 3,000 kilo-
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meters. A ray received at A has its entire path in the crust and up-
per mantle of the earth, where irregularities in the rocks scatter
the energy and complicate the record. The ray to B has most
of its path deep in the earth, where the irregularities are few.



ow, making satisfactory observations of
the earlier part of the seismogram
impossible. Between 14,000 kilometers
and the antipodes (20,000 kilometers)
waves can be received through the core
and could probably be used in the
study of seismic sources, but this range
of distances has been little studied for
purposes of bomb-test detection. The
range from 3,000 to 10,000 kilometers
is convenient because the whole of the
U.S.S.R. lies within this range from sta-
tions in the U.S.

A large improvement in the ratio of

signal to noise can be obtained by
the use of an array of seismographs in-
stead of a single instrument. The idea
of an array is not a new one; arrays
have been employed for many years in
the reception of short radio waves and
in radio astronomy. If a row of n de-
tectors receives a signal, and if the
outputs from all the detectors are
combined (after delaying the outputs to
allow for different times of arrival at the
different instruments), all the signals
will add up to give a signal with an
amplitude n times the amplitude of that
from a single detector [see illustration
on next page]. The array can be regard-
ed as a telescope that selects signals
coming from a given direction or, what
is the same thing, as a device that se-
lects signals arriving with a given appar-
ent velocity of propagation over the
ground. By adjusting the correction for
the time lag it is possible to accentuate
different parts of the seismogram, for
example the compressional P waves or
the distortional S waves. If the instru-
ments of the array are not all on a single
line but are spread out in two dimen-
sions on the surface of the earth, the
time lags can be adjusted so as to pick
out signals coming from a given com-
pass direction as well as those coming at
a given angle to the vertical.

Obviously there would be no ad-
vantage in using an array if it enhanced
the noise as much as it enhanced the
signal. Provided that the noise at the
different detectors is uncorrelated, an
array of n detectors will yield a total
value for noise that is roughly the
square root of n times the noise received
by a single detector. As a consequence
the ratio of signal amplitude to noise
amplitude will be increased in the ratio
of n divided by the square root of n,
that is, by a factor equal to the square
root of n. For a real array the noise, par-
ticularly the signal-generated noise, will
be partially correlated at the different
detectors, and the improvement attain-
able may be greater or less than the
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LARGE SEISMIC ARRAY recently installed by the AEC near Billings, Mont., consists
of 21 clusters, each containing 25 seismometers. The clusters are seven kilometers in di-
ameter. The entire seismic array is spread over a circular area 200 kilometers in diameter.
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SEISMIC VIEW OF THE EARTH from the center of the Montana array shows the region
in which seismic events can be detected and that in which they cannot be. Earthquake
regions are hatched. Black dots indicate nuclear test sites in the U.S.S.R. and elsewhere.
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SEISMOMETERS AT SURFACE OF THE EARTH

| o
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FUNCTION OF SEISMIC ARRAY is to enhance the signal from a seismic event while sup-
pressing noise. The diagram shows a seismic wave traveling upward to a line of five seis-
mometers near the surface of the earth. The signal arrives first at the detector at the far
left. To reach the next detector the wave must travel an extra distance. If the signals from
the detectors are suitably delayed before they are added together, the combined output
from the five detectors will have an amplitude five times that from a single detector.

square root of n. In practice it is usually
possible to reach an improvement equal
to the square root of n by using an array
whose diameter is 20 kilometers or
more. Since the number of detectors, n,
in an array can exceed 100, the factor
represented by the square root of n may
represent a very large improvement.

An array can be organized in many
ways to meet particular requirements,
and much work has been done on the
properties of different layouts. A com-
mon arrangement is to put two lines of
instruments on the arms of a cross each
about 20 kilometers in length. In the
large-aperture seismic array recently
installed in Montana the array con-
sists of 21 clusters of seismometers
spread over a circle 200 kilometers in
diameter; each cluster contains 25 de-
tectors spread over a circle seven
kilometers in diameter. All 525 detectors
are at the bottom of holes 200 feet
deep to reduce noise generated at the
surface by wind and other causes [see
top illustration on preceding page].

Filtering and adding the outputs from
a number of instruments is a linear
process, and is especially suitable for
improving the ratio of signal to noise
when the signal is smaller than the
noise, or not much larger. When the sig-
nal has been raised well above the noise
level by these methods, it is advanta-
geous to use nonlinear methods to “clean
up” the record.

A particularly useful technique is to
take the two records produced by sum-
ming all the instruments on each arm
of a cross array, to accentuate the parts
of these records that are similar and
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to reduce the parts that are dissimilar.
This can be done by feeding the two
records into a multiplier, multiplying
them point by point and smoothing the
product over time intervals of 1.5 or
two seconds [see illustration on oppo-
site page]. Such a record is called a
correlogram.

With the aid of correlograms it has
been possible to separate the signal of
a small (400-pound) underground chem-
ical explosion from the seismic distur-
bance produced by a small earthquake,
both recorded by an array 2,400 kilo-
meters distant [see top illustration on
page 28]. If the array had been located
several hundred kilometers farther away
from the disturbances, the record of the
explosion would probably have been
even simpler. The detection of so small
an explosion even though it was ob-
scured by a preceding earthquake is re-
markable. It shows that an explosion of
the size of significance for bomb-test
detection will usually be detected; the
main difficulty is to identify it as an
explosion.

Information on the accuracy with
which a seismic event can be located is
not as complete as could be wished.
The onset of the signals from an ex-
plosion can be determined to within a
few tenths of a second. If a network of
10 or 20 stations could achieve this
accuracy, the source would be located
within a few kilometers. In practice the
accuracy is degraded by local variations
in the velocity of seismic waves, about
which information is largely lacking. If
data from stations distant from the
event are used, it seems realistic to
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estimate that the site can be located
within a circular area whose radius is
about eight kilometers. Stations that are
500 to 2,000 kilometers from the event
may give much larger errors, owing to
irregularities in seismic velocities in the
crust and upper mantle.

Since the great majority of events re-
corded at seismic stations are earth-
quakes, the critical problem in attempt-
ing to detect clandestine explosions is
to distinguish a very few explosions
among a great many earthquakes. Not
surprisingly, small earthquakes are
much more numerous than large ones.
Roughly speaking, the number decreas-
es by a factor of 10 for each increase
of one unit in seismic magnitude.
Throughout the world each year there
are about 10,000 earthquakes of mag-
nitude between four and five and only
10 or 20 of magnitude seven or greater
[see bottom illustration on page 28].

About 1.5 percent of the world’s
earthquakes occur in the U.S.S.R. In an
average year some 170 of these will be
above magnitude four and only two
or three will be above magnitude six.
These numbers are only estimates of
mean rates; the actual numbers fluctu-
ate considerably from year to year. The
fluctuations exceed the statistical ex-
pectancy for random events because in
some years there may be 100 or more
aftershocks following a single large
earthquake. In a given year the total
number of earthquakes above magni-
tude four in the U.S.S.R. might be as
high as 300 or as low as 100.

The distribution of earthquakes over
the world is extremely nonuniform; the
great bulk of them occur along the
Alpine-Himalayan chain, on the mar-
gins of the Pacific Ocean and along the
mid-ocean ridges. In the U.S.S.R. earth-
quakes are practically confined to a
belt along the southern border of the
country and to the Kamchatka Penin-
sula, with a few on a north-south line
to the east of the Lena River [see illus-
tration on pages 26 and 27]. The areas
of older rocks that constitute the greater
part of the country appear to be com-
pletely free from earthquakes. The Rus-
sian testing ground near Semipalatinsk
is just north of the earthquake belt and
the testing ground in Novaya Zemlya is
in an almost earthquake-free region.

Some earthquakes cause fractures at
the surface of the earth; others cause
fracturing entirely below the surface,
commonly at depths of from 10 to 60
kilometers. The deepest earthquakes are
about 750 kilometers below the surface.
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EXPLOSION NEAR SEMIPALATINSK, a test site in the U.S.S.R., The next trace gives the product of the records from the two arms;

produced these records at a seismic array at Eskdalemuir in Scot- the bottom trace shows the product after smoothing. The first wave
land, 5,300 kilometers from the event. The first eight traces are to arrive is the compressional P wave of the explosion. The oscil-
from single instruments on one arm of the cross array. The next lations that are removed in the last two traces are noise gener-
trace shows the sum of all instruments on both arms of the array. ated by the signal itself. The explosion took place on May 16, 1964.
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The deep earthquakes occur only in cer-
tain places, particularly on the inner side
of the earthquake belt surrounding the
Pacific. This can be seen in the map
below: in the Kamchatka region the
earthquakes just offshore are shallow
and most of those inland are deep.

t first it seems that it should not be
too difficult to distinguish an earth-
quake from an explosion. The mecha-
nism at the source is quite different. An
earthquake normally has its origin in a
fault where two bodies of rock slip past
each other, whereas an explosion pro-
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SEISMIC MAP OF U.S.S.R. shows earthquakes above magnitude
5} that occurred from 1911 to 1959. The shocks above magnitude
6% are represented by larger circles, those of 5% to 6% by smaller
circles. Black circles indicate shallow earthquakes: depth less than

26

duces a sudden and spherically sym-
metrical pressure pulse. The first mo-
tion from an explosion is always an
outward-moving compressional pulse,
which is similar in all directions. A fault,
on the other hand, generates both com-
pressional P waves and distortional S
waves whose motion differs in different
directions. The first motion is inward
in some places and outward in others
[see top illustration on page 22]. More-
over, the motion produced by an explo-
sion is much simpler than that from an
earthquake. This is not unexpected; an
explosion is localized in both space and
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time, whereas a fault extends for some
distance and may take some seconds to
complete its movement.

These criteria have been considerably
sharpened by the development of seis-
mic arrays. The initial wave form can
now be seen with great clarity, largely
freed from the effects of the transmis-
sion path. For example, an underground
explosion near Semipalatinsk on May
16, 1964, produced closely similar rec-
ords at stations at Eskdalemuir in Scot-
land and Yellowknife in Canada [see
top illustration on page 29]. The first
few seconds of the records are almost
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35 kilometers. Open colored circles indicate depths of between
35 and 300 kilometers; colored circles with dots indicate depths
exceeding 300 kilometers. The map is based on one published by
the Soviet Academy of Sciences. Novaya Zemlya and Semipalatinsk,



identical at the two stations in spite of
the widely separated paths followed by
the seismic waves and the completely
different geological setting of the two
arrays. The wave form must therefore
be determined largely by the events at
the source of the energy.

Another striking example is given by
comparing the records of the seismic
waves from an explosion at the French
testing ground in Algeria with those
from an earthquake in Libya. The ar-
rays at Eskdalemuir, Yellowknife and a
station at Pole Mountain, Wyo., gave
very similar records of the explosion and
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used as nuclear-test sites, are in regions that
are free from earthquakes. In the Kamchat-
ka area the earthquakes just offshore are
shallow and most of those inland are deep.

much more complicated and dissimilar
records of the earthquake [see bottom
illustration on page 291].

It has been suggested that the com-
plexity in the wave form of earthquakes
is due not to the source mechanism but
to the tendency of earthquakes to occur
in more complex geological settings
than those in which explosions are fired.
The recent Longshot explosion in the
Aleutians has demonstrated that this is
not so. This shot gave characteristic ex-
plosion records in spite of being fired in
the circum-Pacific earthquake belt. The
suggestion that it is only earthquakes of
magnitude above 4.5 that have compli-
cated records also appears to have no
foundation.

The determination of depth is an-
other criterion that enables a large num-
ber of earthquakes to be eliminated. An
event occurring at a depth exceeding
eight kilometers is certainly an earth-
quake. About 30 percent of all earth-
quakes occur at depths exceeding 50
kilometers. The number with depths be-
tween eight kilometers and 50 kilome-
ters is not easy to determine because
the complexity of the wave form makes
it difficult to detect the wave reflected
from the surface above the site of the
fault. If an earthquake with a simple
wave form occurred in this depth range,
it should be possible to determine its
depth and thus demonstrate that it is
not an explosion. By a careful examina-
tion of records from arrays it is some-
times possible to estimate the depth
of an explosion fired at a depth of as
little as one kilometer below the sur-
face of the earth. The determination
of depth is of particular importance
for detecting explosions in Kamchatka,
where most of the shallow earthquakes
occur in the sea just offshore and most
of those on land are deep.

Attempts to use criteria depending
on S waves and surface waves have not
been very successful. The horizontally
polarized S waves from an explosion
are smaller than those from an earth-
quake, but there are many small earth-
quakes without detectable S waves or
surface waves. The probable explana-
tion is that the period of these waves
falls near the peak in the frequency
distribution of background noise. It is
also true that less effort has been put
into such methods than has been de-
voted to the study of P waves; more-
over, the instruments used in the arrays
are designed to respond to vertical mo-
tions and thus are unsuitable for de-
tecting horizontally polarized waves. It
may be that the matter deserves closer
attention. It would be particularly in-
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teresting to see what results could be
obtained from a cross array equipped
with instruments capable of responding
along three coordinate axes.

The critical question is whether,
when all these criteria have been used,
there is a residuum of earthquakes
that are indistinguishable from explo-
sions. The results of an examination of
a worldwide sample of 161 earthquakes
with depths of less than 50 kilometers
have been published by the United
Kingdom Atomic Energy Authority.
There were seven earthquakes, or 4.5
percent, that could not be distinguished
from explosions. This would give an
average of eight “suspicious events” per
year in the U.S.S.R. Estimates by some
other authorities are about twice as
high. The discrepancy is not surprising.
“Suspicious” is not a precisely defined
concept; how many events one regards
as suspicious will depend to some extent
on how suspicious one is.

The number of arrays used in the
Atomic Energy Authority’s investiga-
tion was three, but for a large part of
the time only one was in operation. Five
of the seven explosion-like earthquakes
were recorded while only one array was
in operation. Some improvement is to be
expected from the use of more arrays,
particularly from those recently estab-
lished in Australia and India, which re-
ceive signals from the U.S.S.R. in di-
rections differing widely from the direc-
tions of signals received in Britain, Can-
ada and the U.S. The arrays themselves
are also susceptible to improvement;
those employed in gathering the sample
had only 20 detectors, compared with
the total of 525 in the array in Montana.
The use of more refined determinations
of focal depth would also probably re-
move some ambiguous events.

It is clearly possible to chip away at
the number of earthquakes within the
U.S.S.R. that might be mistaken for
explosions, but there is no reason to
suppose that this number can be re-
duced to zero. Even if there are no
earthquakes that virtually duplicate ex-
plosions, there may be earthquakes
whose fault planes lie at such an angle
that they give an initial outward motion
at all distances beyond 3,000 kilome-
ters. If one of these happened to give a
simple wave form and to be shallow, it
might not be distinguished from an ex-
plosion. With a system as complicated
as the earth almost anything can hap-
pen occasionally. It seems prudent to
assume that we shall not get a system
that never mistakes an earthquake for
an explosion. )

In a sample of 35 underground explo-
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sions studied by seismological means,
one on Novaya Zemlya would have
been regarded as an earthquake if it
had occurred in a seismic region. Such
misinterpretation is not, however, of
much significance. In order to take ad-
vantage of it one would have to know
beforehand that the conditions were
such that an explosion would be misin-
terpreted as an earthquake.

l\,luch attention has been given to

the possibility that the seismic
effects of an explosion could be reduced
or modified so that it was undetectable
or appeared to be an earthquake. The
most promising method is to set off the
explosion in a very large cavity. If this
were done, theory suggests that the am-
plitude of the seismic signal would be
reduced by a factor of 100.

The theory has been verified for
chemical explosions of up to about one
ton and there is no reason to suppose
that it would not apply to nuclear ex-
plosions. In spite of the importance of
the matter no experiments have been
made with kiloton explosions. This is
probably because of the great engineer-
ing difficulties involved in making cavi-
ties several hundred feet in diameter
and also because of the possibility that
such a cavity would collapse after an
explosion and form a detectable crater
at the surface. If the method were to be
used for concealing a clandestine ex-
plosion, there would also be great dif-
ficulty in removing millions of cubic
feet of material from the cavity without
leaving conspicuous signs on the sur-
face.

Other methods of concealment that
have been proposed are to set off sev-
eral explosions in a short interval or to
set off an explosion just after an earth-
quake has occurred. Neither method is
likely to be effective. The second entails
a wait of years before a suitable earth-
quake occurs near the place where the
test has been prepared.

It may be that it is possible to devise
a method of concealing a nuclear ex-
plosion. As far as is known, however,
this has not been done. To do it would
itself involve an extensive series of
tests. One of the reasons for wishing
that a comprehensive test ban be not
too long delayed is that the ban would
prevent the development of methods of
concealment that, if they were dis-
covered before tests stop, would make
agreement more difficult.

This article is not the place to discuss
at length the influence that the facts
presented here should have on interna-
tional negotiations. The main political



problem is to decide what means of
verification, if any, are needed to en-
sure that a “suspicious event” is not a
clandestine explosion. The only effective
means of verification is to inspect the
neighborhood of the event. The exact
nature of the inspection is not of the
first importance; a violator of a test
ban would be unlikely to allow an in-
spection of a real explosion. Rather than
be caught red-handed he would incur
the odium of refusing access to the site
or of abrogating the treaty. The object
of having the right of inspection is to
demonstrate to ourselves and to the
world in general that suspicious events
are not explosions, and to get a strong
indication of a violation from the ob-
struction that would occur if a proposal
were made to inspect the site of an
actual explosion.

A formal theory can be set up: If
there are N suspicious events in coun-
try A per year, and country B is allowed
n inspections, what is the probability
of A’s conducting M tests in a year with-
out B’s asking to inspect one or more of
them? A will require this probability to
be quite high, say .95, since the conse-
quences of being caught cheating on a
matter concerned with nuclear weapons
are serious. B, on the other hand, re-
quires a high probability of detecting
A’s violation before too many tests have
been carried out. In other words, B
wants the probability formula to pro-
duce a low number. The following fig-
ures show for various numbers of in-
spections the probabilities that B will
not ask to inspect one or more of the
tests when there are five tests among 15
suspicious events:

Number of inspections 1 2 3 4
Probabilities .67 43 .26 .15

In summary, one can say that the tech-
nical facts are as clear as can be ex-
pected for a complicated subject and
that there are now no very serious dif-
ferences of opinion about them. Some
further improvements in equipment are
possible, particularly in the provision
of more seismographic arrays. These,
however, can hardly affect the political
decisions, which must depend on a bal-
ance between the desirability of a test
ban and the disadvantages of knowing
that a few ambiguous events will occur
in the U.S.S.R. each year, any of which
could be an explosion but all or most of
which are earthquakes. In practice the
choice is among the following three
courses:

First, to say that the real risks exceed
the hypothetical gains and that we

EARTHQUAKE

EXPLOSION

50 SECONDS

POLE MOUNTAIN

ESKDALEMUIR

YELLOWKNIFE

POLE MOUNTAIN

EARTHQUAKE AND EXPLOSION are compared in the correlograms obtained from seis-
mic arrays at Eskdalemuir, Yellowknife and Pole Mountain, Wyo. The earthquake (top),
which occurred in Libya, gives a long-drawn-out, complicated record that is visibly different
at different stations. The nuclear explosion (bottom), which was conducted by the French
government at its test site in Algeria, gives simple and similar records at all stations.

therefore do not want to seek a test ban.

Second, to accept something like the
Russian offer (since withdrawn) of “two
or three” inspections a year.

Third, to say that no nation is likely
to conduct clandestine tests in circum-
stances where there is an appreciable
probability of their opponent’s knowing
that they are doing so, even if the vio-
lation cannot be proved in a court of
law, and that a treaty without inspec-
tion is therefore acceptable.

Most informed opinion would accept
the second course. The difficulty is that
the Russians have stated categorically
and recently that it is not acceptable

10 SECONDS

to them. It is therefore not a possible
choice for the U.S. The acceptance of
the third course would be made easier
if there were little chance of making im-
portant improvements in weapons by
underground testing. In the absence of
detailed knowledge one can only say
that it is difficult to imagine what the
improvements could be. It might be
objected that acceptance of a test ban
without inspection would leave us on a
slippery slope where, if we were suffi-
ciently lacking in judgment or firmness,
we might find it hard to refuse unveri-
fied agreements about matters vital to
our security.

FRENCH UNDERGROUND EXPLOSION produced these records at Yellowknife and
Eskdalemuir, respectively 9,000 and 3,500 kilometers from the event. The two traces are
the summed output of all the instruments at each site. It can be seen that the initial wave
form depends on the character of the original signal and is largely independent of the dis-
tance and the path from the source to the seismic arrays and of the geology near the arrays.
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GERMAN MEASLES

This mild infection can have grave results during pregnancy. In 1964

an epidemic in the US. caused defects i 20,000 infants. Isolation

of the virus has led to intensive eflorts to develop a sale vaccine

ubella, or German measles, is the
R least troublesome of the usual
childhood diseases: some swollen
glands, a little fever, a transient rash—
and the child is well again and back

at play or at school. In pregnant wom-
en German measles is something else

by Louis Z. Cooper

again: during early pregnancy it can
infect the developing fetus and harm
the unborn child. The association of
maternal rubella with the birth of in-
fants that are blind, deaf, retarded or
suffering from congenital heart disease
has been recognized since 1941, but
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NEWBORN INFANT with congenital rubella may have any of the clinical manifestations of
the disease indicated here ; the most common are shown in boldface. The fontanel is an open
area between bones of the skull, purpura a bleeding condition caused by a blood deficiency.
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there has been no satisfactory way to
cope with the tragedy of congenital ru-
bella. The administration of gamma
globulin and termination of pregnancies
complicated by German measles during
the first three months are buth contro-
versial and ineffective solutions for this
serious problem. Not until 1961 was the
rubella virus identified, opening the way
for more intensive study of the disease
and vigorous efforts to develop an effec-
tive and safe vaccine. Significant prog-
ress has been made, raising hopes that
rubella can be brought under control.

]n 1815 an English physician de-
scribed a disease that exhibited a
rash like that of measles and scarlet fe-
ver but was much milder. Epidemics of
the illness were noted in Germany dur-
ing the first half of the century; there
the disease was called Rdétheln, from
the word for redness. In 1866 an En-
glish physician practicing in India pro-
posed the name “rubella”—perhaps for
“red” and “pretty”—on the ground that
Rotheln was “harsh and foreign to our
ears.” In 1874 ]. Lewis Smith, the first
professor of pediatrics at Bellevue Hos-
pital in New York, describing an out-
break of rubella among children in an
orphanage and among his private pa-
tients in the “suburbs of New York City
on East 71st Street,” called it Rotheln
and also German measles. In time ru-
bella became a widely recognized and
distinct clinical entity, but it attracted
little medical attention because of its
mildness and brief duration.

In 1940 there was a widespread epi-
demic of rubella in Australia. The next
year N. McAlister Gregg, an ophthal-
mologist, noted @ sudden rise in the in-
cidence of congenital cataract, a condi-
tion in which infants are born with, or
soon develop, opaque areas in the lens
of the eye. He startled the medical com-



munity with a paper that described 78
infants with congenital cataract and
noted that the mothers of 68 of them
remembered having had German mea-
sles during the first three months of
pregnancy. Gregg’s paper not only in-
cluded a definitive description of the
rubella cataract; it also noted the low
birth weight and feeding difficulty, the
high incidence of congenital heart de-
fects and the high mortality that have
since been confirmed as characteristic
results of rubella acquired during in-
trauterine life. It is impossible to over-
emphasize the importance of Gregg’s
pioneering observations at a time when
vague terms such as “faulty germ
plasm” were still being applied to con-
genital defects. Rubella was the first
clearly defined teratogen: an agent that
causes developmental abnormalities.
Ionizing radiation and the drug thalido-
mide have since been found to be tera-
togenic. There is some indication that
infection with the influenza, mumps
or Coxsackie viruses may have similar
effects.

Gregg’s conclusions were soon con-
firmed by extensive investigations in
Europe, the US. and New Zealand as
well as Australia. In numerous studies
the birth of defective children was cor-
related with a history of rubella in their
mothers. The effects of the virus were
varied, but the most vulnerable targets
were the eye, heart, ears and brain.
None of those retrospective studies, in
which the cases were accumulated after
the fact, could shed much light on the
crucial question of relative risk: What
were the chances that a pregnant wom-
an with German measles would bear a
defective child? Prospective studies,
which begin with a pregnancy, docu-
ment maternal rubella and observe the
outcome, were attempted during the
1950’s. They established that rubella
contracted during the first three months
or so of pregnancy causes major con-
genital malformations in 15 to 20 per-
cent of the infants. The earlier in preg-
nancy the infection occurs, the greater
the risk. A prospective study in 1960
by Richard H. Michaels and Gilbert W.
Mellin of the Columbia University Col-
lege of Physicians and Surgeons report-
ed a fetal hazard of 47 percent for ru-
bella in the first month, 22 percent in
the second and 7 percent in the third.
(On the basis of such figures as these
many U.S. hospitals will approve a re-
quest for therapeutic abortion when
rubella occurs within the first 12 weeks
of pregnancy, provided that the diag-
nosis of rubella is certified by two phy-
sicians.) There are indications that these

EYE ABNORMALITIES of congenital rubella are shown in color. Cataract (an opaque area
in the lens), microphthalmia (underdevelopment of the eye) and patchy pigmentation of
the retina are more common than glaucoma, in which the cornea is clouded and protrudes.

ATRIUM

LEFT
VENTRICLE

RIGHT
VENTRICLE

HEART ABNORMALITIES, named here in color, interfere with blood circulation. The
ductus arteriosus is a vessel that should shut down at birth; if it does not, blood is mis-
directed. Septal defects are abnormal openings between chambers. Stenosis, or narrowing,
of a branch of the pulmonary artery has been noted in some congenital rubella cases.
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figures are on the conservative side—
that the risk is somewhat greater and
that it continues into the fourth month
of pregnancy. Analyses in progress in
several laboratories of recent rubella
epidemics should provide more defini-
tive risk statistics. The major source of
error in such studies has been mistaken
diagnosis, since other virus diseases can
mimic rubella. The isolation of the ru-
bella virus in 1961 has made it possible
to eliminate such errors.

There had been general agreement
that rubella was probably caused by
a virus. Its incubation period, clinical
course and lack of response to antibi-
otics were consistent with a viral origin;
most important, it could be transmitted
to volunteers by bacteria-free filtrates of
blood serum or of throat washings from
patients. All attempts to cultivate a spe-
cific infectious agent from such patients
were unsuccessful, however, because of
peculiarities of the rubella virus.
Viruses grow only in living cells, the
machinery and substance of which they
turn to their own ends. Most viruses
can be propagated in tissue culture, and
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their presence is recognized by the
changes they effect in the sheet of cells
in which they grow; they first damage
and then kill large numbers of cells [see
illustration on opposite page]. Some vi-
ruses, however, can multiply in cells
without killing them and therefore do
not readily produce these cytopathic
effects. In 1960 G. Hitchcock and
D. A. G. Tyrrell of the Common Cold
Research Unit in Britain discovered
such an agent (a rhinovirus, one cause
of the common cold) through an indi-
rect technique based on the principle
of viral interference. In their “interfer-
ence technique” a substance containing
a suspected virus is incubated in a tissue
culture. If it contains a noncytopathic
virus that infects the cells, the virus’s
effect will be invisible but it may stim-
ulate the cells to produce interferon, an
antiviral substance that prevents subse-
quent infection of the cells by another
virus. If the second virus is one that is
easily detectable because it can produce
marked cytopathic effects, the absence
of such effects indicates that the first
substance contained a virus.

In 1960 Thomas H. Weller of the
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NORMAL COURSE of postnatal rubella was observed in 50 children by Robert H. Green
and his colleagues at the New York University School of Medicine. The bars show results of
tests for the presence of virus in the throat before onset of rash, on day of onset and after

day of onset;
negative specimens.
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black portions indicate the number of specimens with virus, white portions
The colored curve shows changes in the rubella antibody level.
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Harvard School of Public Health, con-
cerned because his son’s rubella-like
illness was unusually severe, undertook
laboratory tests of a urine specimen to
make sure that some more threatening
disease was not involved. He found no
evidence of another disease but he did
note “subtle and unique cytopathic ac-
tivity” in a culture of cells from human
amnion, the membrane that surrounds
the embryo. With Franklin A. Neva,
Weller went on to recover agents with
similar effects from patients with more
typical cases of rubella, thus establish-
ing the presence of a specific rubella
virus.

At about the same time physicians at
the Walter Reed Army Medical Center
isolated the virus with the interference
technique. Paul D. Parkman, E. L.
Buescher and Malcolm Artenstein of
Walter Reed had inoculated several dif-
ferent kinds of tissue culture with throat
washings taken from Army recruits with
rubella. There were no detectable cyto-
pathic effects or other typical signs of
virus infection, but rather than discard
the tissue cultures the investigators in-
oculated them with echovirus, an agent
with distinct cytopathic effects. They
found that the cultures previously in-
oculated with the rubella specimens
were complete]y resistant to superinfec-
tion by echovirus. Laborious controlled
experiments confirmed the presence of
rubella virus in the specimens. More-
over, blood serum from the patients was
shown to contain a specific antibody
that neutralized the rubella virus. The
Walter Reed and Harvard workers ex-
changed their specimens for testing by
their respective techniques to satisfy
themselves that the infective agents
each group had isolated were identical,
and arranged for simultaneous publica-
tion of their findings. Their example, in-
cidentally, set a standard for the high
degree of cooperation since maintained
by investigators of rubella.

ljhe discovery of techniques for iso-

lating rubella virus and measuring
antibody response has made possible
more precise study of the clinical course
of the mild postnatal disease as well as
of the severe congenital disease. When
susceptible children are exposed to the
rubella virus either through contact or
through administration of the virus in a
nasal spray or by injection, they usually
develop moderately tender swelling of
the lymph nodes—usually those behind
the ears or at the back of the head just
above the hairline—after an incubation
period of about two weeks. Within a



few more days a rash usually appears,
first on the face and then over the trunk,
arms and legs. The rash is quite change-
able and difficult to distinguish from
that of several other diseases; it usually
lasts for only two or three days. There
is a moderate decrease in the count of
white blood cells and in the number of
platelets—small bodies in the blood that
promote clotting—but these changes
usually produce no symptoms. In a few
cases, however, the platelet count is low
enough to give rise to purpura, a bleed-
ing condition that produces numerous
spots, like tiny bruises, in the skin and
mucous membranes. An extremely rare
complication is encephalitis; it has a
high mortality rate but is perhaps 10
times less frequent than the encephalitis
associated with measles.

The rubella virus is present in the
throat and serum as early as a week be-
fore the appearance of the rash, Robert
H. Green, Michael R. Balsamo, Joan P.
Giles, Saul Krugman and George S.
Mirick of the New York University
School of Medicine have found [see il-
lustration on opposite page]. It disap-
pears from the serum within a day or so
of the onset of the rash but persists in
the throat for as much as two weeks
more. (These observations emphasize
the inadequacy of previous concepts of
isolating the patient; indeed, they indi-
cate that the disease cannot be con-
trolled by isolation, since patients can
be distributing the virus for days before
anyone knows they are sick.) Antibody
to the rubella virus appears within a
day or so of the beginning of the rash,
at about the same time as the virus
largely disappears from the blood. It
persists for years and seems to be com-
pletely protective against reinfection:
Green and his associates were unable
to produce infection in volunteers who
had even minimal levels of rubella anti-
body. This finding is of great impor-
tance to a woman exposed to rubella
during pregnancy, since it means that
if she has demonstrable antibody at the
time of exposure or soon thereafter there
is no risk of maternal or fetal infection.

Rubella infection can, unfortunately,
be present without any apparent symp-
toms at all, as Krugman showed with
Robert Ward as long ago as 1953. Such
inapparent infections present a difficult
problem for the obstetrician. If his pa-
tient is exposed to rubella, she may de-
velop a case that can be detected only
by laboratory tests—which are not
generally available and in any case take
several weeks. The true incidence of in-
apparent cases is not known, but it is

TISSUE-CULTURE test for the presence of a virus begins with cells from the kidney of an
African green monkey, prepared by digesting bits of kidney with an enzyme (1) and centri-
fuging the suspension (2). The cells are put in a test tube of nutrient medium (3), settle to
the wall of the tube and grow together into a “lawn,” or sheet of cells (4), with a character-
istic pattern under the microscope (5, 6). If virus is added to the culture tube (7), in most
cases it damages and then kills the cells and these cytopathic effects are obvious (8, 9).
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probably increased by the practice of
administering gamma globulin, the anti-
body-carrying blood fraction, to exposed
women in the hope of protecting them
against infection. The injection may
provide just enough antibody to sup-
press symptoms without preventing in-
fection. Gamma globulin may, on the
other hand, somewhat decrease the risk
of infection; data on this point are
subject to contradictory interpretations.
Certainly the number of infants born
with congenital rubella in spite of the
administration of gamma globulin to
their mothers shows that globulin is
not an adequate answer to the problem.

"I he most severe epidemic of German
measles in 30 years swept across the
U.S. in the late winter and early spring
of 1964, producing congenital defects
in perhaps 20,000 infants and causing
fetal deaths in similar but unknown
numbers. It happened that not long be-
fore the epidemic Stanley A. Plotkin
of the Wistar Institute in Philadelphia,
J. A. Dudgeon of the Hospital for Sick
Children in London and Neva, Weller
and Charles A. Alford, Jr., at Harvard
had reported finding rubella antibody
in serum taken from infants with typical
signs of congenital rubella. The Harvard
workers also found rubella virus itself
still present in the throat secretions and
the urine of several defective children.
These findings made it possible to bring
the tools of virology and immunology to
bear in studies of fetal specimens and
infants affected by the 1964 epidemic.
Our group at the New York University
School of Medicine asked physicians
throughout the city to let us see new-
born infants whose mothers had had
rubella during pregnancy. During the
fall and winter of 1964—1965 more than
200 infants were referred to us for phys-
ical examination, virus isolation and de-
termination of antibody level.

The children we saw had evidence of
congenital disease involving a large
number of different organ systems. The
defects appeared singly and in all pos-
sible combinations. The infants with
defects seemed to be generally debili-
tated: most of them weighed less than

% pounds and many weighed less than
4% pounds. Congenital heart disease
and cataracts, the abnormalities most
frequently noted during the first month
after birth, had in many cases not been
recognized during the three to five days
the newborn infants remained in the
hospital nursery. The murmurs that lead
one to suspect the most common cardiac
abnormalities may not be present during
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the first days of life; the rubella cat-
aract, which can be quite small at birth,
was often first noticed by the mother
after she brought the baby home from
the hospital. Hearing loss is difficult to
establish in infants and usually becomes
apparent only after some months. The
same is often true of brain damage in-
volving even serious mental and physi-
cal retardation.

Certain defects were associated with
rubella for the first time after the 1964
epidemic. One of the most striking is
purpura caused by an extremely low
platelet count, a condition that affected
70 of the first 200 babies we saw. These
children as a group had a high inci-
dence of other defects as well and have
done poorly during the first year of life.
Many of them had, in addition to the
typical congenital symptoms, a number
of conditions that had not been asso-
ciated with rubella before, including
hepatitis (inflammation of the liver),
anemia and a bone disease. In the chil-
dren that have survived, the purpura
and lesser accompanying diseases seem
to have cleared up spontaneously, sug-
gesting that it may have been their
transient nature that allowed them to
remain undetected until this epidemic.

The most striking thing about con-
genital rubella is the chronic nature of
the infection, in sharp contrast to the
acute and self-limiting infection in the
postnatal disease. The virus that infects
the fetus is still present at birth and
usually persists for some time after birth
even though high levels of antibody are
present in the infant’s blood. The per-
sistence of the virus in the presence of
antibody that should neutralize it is sur-
prising, but the fact is that processes
involved in the maturation of immune
mechanisms are poorly understood;
study of this peculiar “experiment” of
nature should yield new information on
the immunological competence of the
fetus and the newborn baby. Meanwhile
the paradoxical persistence of rubella
virus gives investigators a convenient
and unusual diagnostic tool—a clear in-
dication of the presence and location of
rubella infection.

\ [any steps in the sequence of the
~ infection have been documented.
Virus present in the mother’s blood-
stream reaches the placenta (which pro-
vides blood to the developing embryo),
infects it and then enters the fetal cir-
culation. Timing is important. It is dur-
ing the second through the sixth week
of gestation that the embryonic organs
are being formed; therefore infection is
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a major hazard to the heart and eyes at
the time. By some time in the fourth
month the fetus has acquired the ability
to produce antibody and seems to be
no longer susceptible to congenital ru-
bella.

In a susceptible fetus the infection
becomes widely disseminated and, as I
have mentioned, it persists. Virus has
been found in fetal tissue obtained by
therapeutic abortions performed months
after the mother had rubella. (Intra-
uterine tissue from the mother, interest-
ingly enough, does not exhibit this
chronic infection.) At birth most infants
with congenital rubella still have de-
tectable virus in their throat secretions,
urine, cerebrospinal fluid and most tis-
sues, and there is some indication that
the most heavily infected organs show
the most evidence of congenital dam-
age.

INTERFERENCE TECHNIQUE is used to
isolate a virus that has no marked cytopathic
effects. A throat swab from a patient with
suspected rubella, for example, is put in a
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IDENTIFICATION OF VIRUS as rubella
requires further testing. Some of the incu-
bated virus reserved in the previous experi-
ment (4 in top drawing on these pages) is



Rubella, in other words, is very dif-
ferent from such teratogens as thalido-
mide and radiation, which do their
damage with one exposure in early
pregnancy. The rubella virus probably
does different things to the fetus at dif-
ferent times during gestation. It per-
sists to cause an acute illness in the
newborn involving such conditions as
purpura and hepatitis. Thereafter the
incidence of infection decreases slowly.
Our preliminary data indicate that
among infants with congenital rubella,
virus was detected in 63 percent of one
group tested during the first month of
life, in 31 percent of a group aged five
to seven months, in 7 percent of a
group 10 to 13 months old and in none
of a group of children three to 15 years
old. The infants who carried the virus
for the longest time seemed to be those

with the most serious involvement.

medium (1) and some of the suspension is withdrawn (2), inocu-
lated into monkey-cell culture tubes (3) and incubated. After 10
days echovirus is inoculated into one tube and the other tube is
reserved (4). If no cytopathic effects are observed (5), the echo-

mixed with serum containing known rubella antibody (I). A sam-
ple of the mixture is withdrawn (2) and inoculated into fresh mon-
key kidney cells (3). If the virus from the throat swab was indeed
rubella virus, rubella antibody neutralizes it and interferon is not

Their weight gain was poor and they
showed evidence of increasing mental
and physical retardation. It seems, in
other words, that the virus may con-
tinue to do damage after birth. Through-
out this period the children have anti-
body levels comparable to that of their
mothers. Detectable antibody persists
for several years and may continue to
be present for life. Attempts are now
being made to correlate the clinical his-
tory of these children with the trend of
their virus level and antibody response.

Infants with virus in their throat se-
cretions and urine can spread their in-
fection, and susceptible doctors, nurses
and members of the family have devel-
oped rubella after intimate exposure.
Infants known to be infective can be
isolated from direct contact with wom-
en who may be in the early stages of
pregnancy, but some infected infants
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may be normal in appearance just after
birth and may therefore not be recog-
nized as sources of contagion. They are
probably a hazard primarily to hospital
personnel. An intriguing speculation
that they may also represent a reservoir
of infection between epidemics has not
yet been confirmed; we have been able
to record only 22 cases attributable to
such infants.

In\'estigutions in Sweden and Britain
indicate that infants with minor de-
fects such as slight hearing loss have
progressed well: their mortality rate in
the first two years of life was not sig-
nificantly greater than that of a control
group. The outlook for more severely
affected infants is different. The mor-
tality rate for our group of infants with
purpura exceeded 35 percent within the
first year and the rate for all the chil-
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virus has failed to infect the cells. It was “interfered with”—per-
haps by interferon, a substance produced by cells when they are
stimulated by a virus infection. The throat-swab specimen must
therefore have contained a virus that infected the monkey cells.
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formed; now the echovirus that is added (4) can infect the cells,
producing cytopathic effects (5). (If the virus had not been rubella,
the antibody would have had no effect.) A parallel experiment with
serum containing no rubella antibody serves as a control (6-10).
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MAJOR MANIFESTATIONS of congenital rubella are shown as observed by the New
York University School of Medicine rubella study group in 275 infants born with the
disease after the 1964 epidemic. The manifestations were seen in different combinations.
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PURPURA, a bleeding condition that produces spots in the skin, is a recently recognized
symptom of congenital rubella. The association of neonatal purpura with the 1964 rubella
epidemic is shown. The colored curve traces the incidence of rubella in New York City. The
black curve gives the distribution of purpura cases seen eight months later at N.Y.U.

36

© 1966 SCIENTIFIC AMERICAN, INC

dren we saw was a little more than 10
percent. The infants whose mothers had
rubella in early pregnancy but who
have no detectable evidence of con-
genital rubella seem to fall into two
groups. Some of them show persistently
high levels of rubella antibody; they
must therefore have been infected, but
they were for some reason not harmed
by the disease. Others were presumably
never infected at all-why, we do not
know.

The outlook for rubella-damaged in-
fants varies with the specific defect. One
heart defect, patent ductus arteriosus,
can be repaired quite readily. Septal
defects—openings between the left and
right chambers of the heart—can be
closed by more complicated open-heart
surgery. The rubella cataract is more
difficult to repair than adult cataracts,
and children with cataracts in both
eyes may have little vision. There is no
specific treatment for the deafness
caused by rubella, but the nerve dam-
age is usually not complete, so that
hearing aids and auditory training can
be quite helpful. The outlook for in-
fants with severe brain damage is very
poor. Since brain damage seems to ac-
company prolonged persistence of the
virus, it is these infants who provide the
greatest stimulus to current efforts to
find ways of combating the chronic
postnatal infection.

The varied and severe manifestations
of congenital rubella observed after the
1964 epidemic suggested to some peo-
ple that the epidemic was caused by a
new and more virulent strain of virus.
There is no evidence, however, that
there are naturally occurring variations
in rubella virus (as there are in influ-
enza, for example). The postnatal illness
observed in 1964 followed the usual
pattern. The new reports of congenital
defects probably reflected the magni-
tude of the epidemic, the availability
of diagnostic tests and increased com-
munication among investigators and
physicians.

The actual mechanism whereby the
rubella virus causes congenital abnor-
malities is not known, but two recent
studies suggest a specific direction for
research. At the Wistar Institute, Plot-
kin, André Bouie and Joelle G. Bouie
found that infection with rubella virus
inhibited the division of human embry-
onic cells grown in a tissue culture and
increased the number of breaks in their
chromosomes. Then Richard L. Naeye
of the University of Vermont School of
Medicine and William A. Blanc of the
College of Physicians and Surgeons dis-
covered that many of the organs of



infants who died with congenital rubella
were undergrown: they had fewer than
the normal number of cells. These re-
sults suggest that the rubella virus may
somehow inhibit the multiplication of
certain kinds of human cells.

Yhe obvious solution for the rubella
problem was the development of a
vaccine that would largely eliminate the
disease from the entire population. On
the face of it this should not have been
difficult. In poliomyelitis and measles
the naturally occurring virus had to be
attenuated to produce an acceptably
mild case while nevertheless stimulat-
ing the production of antibody. Rubella
is a conveniently mild illness to begin
with, however. The first experimental
rubella vaccines produced good anti-
body responses and also mild cases of
German measles that served as indi-
cators of a successful vaccination. These
vaccines were unacceptable, however,
because the vaccinated person was in-
fective: he could transmit his disease
to susceptible contacts. This feature
(which is desirable in live polio vaccine
because it spreads the mild disease and
therefore confers widespread immuni-
ty) could be disastrous in rubella, since
even the mildest case is a severe threat
to pregnant women. The problem was
to attenuate the virus enough so that it

ATTENUATED VIRUS developed by Paul D. Parkman and Harry
M. Meyer, Jr., of the National Institutes of Health can be recog-
nized by its marked cytopathic effects in a culture of rabbit kidney
cells. The effects of unattenuated virus are less striking. The photo-

would not produce an infectious case
but not so much that it would fail to
stimulate the production of antibody.
A number of laboratories concentrated
on this task.

Just this past April, Parkman and
Harry M. Meyer, Jr., of the Division of
Biologics Standards of the National In-
stitutes of Health described a live, at-
tenuated rubella vaccine that did not
spread to susceptible contacts. This
strain of virus had been cultured 77
times in succession in the kidney cells
of the African green monkey and was
clearly different from the unattenuated
virus. It produced much more readily
the cytopathic effects in rabbit kidney
cells that had been observed in 1963 by
Kevin McCarthy, C. H. Taylor-Robin-
son and Sally Pillinger of the University
of Liverpool. And it evoked a two- to
16-fold increase in interferon produc-
tion over the unmodified strain. When
the attenuated virus was inoculated into
monkeys, it was not transmitted to their
cagemates. After extensive safety test-
ing an initial vaccine trial was carried
out with 16 rubella-susceptible girls
who lived in a single cottage of an in-
stitution for the mentally retarded. Half
were given vaccine and half remained
unvaccinated to serve as controls. The
vaccine produced no symptoms and was
not transmitted to the girls who were

not inoculated. Those who were vac-
cinated did develop antibody to rubel-
la. On the basis of this trial more chil-
dren were vaccinated in the same
institution. When Parkman and Meyer
reported their work, 32 out of 34 vac-
cinated children had demonstrated an
antibody response and—most important
—none of their 30 intimate contacts had
become infected.

The Parkman-Meyer preparation rep-
resents a significant step toward the ul-
timate production of a safe, effective
rubella vaccine because even their pre-
liminary data shows that the rubella
virus was markedly attenuated for hu-
mans by continued passage in tissue cul-
ture. The end is still not in sight, how-
ever. A small quantity of rubella virus
was cultured from the throats of a few
of the vaccinated children, and this may
represent a source of potentiul conta-
gion. Extensive testing may indicate
that it is necessary to eliminate this pos-
sibility by further attenuation. The
experience already gained in the de-
velopment and administration of such
live-virus vaccines as those for polio and
measles will provide guidelines, how-
ever, for the production and distribu-
tion of an effective and safe rubella
vaccine. It is not unreasonable to hope
that a vaccine will be ready before the
next major epidemic of rubella.

:
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micrograph at the left, made by Parkman and Meyer, is of an intact
lawn of rabbit cells. The one in the middle shows cells after in-
fection for five days with the attenuated rubella virus. After 10
days (right) the rabbit-cell lawn has been markedly disrupted.

37



Modern Cryptology

The making and breaking of ciphers and codes has always played

a large role in the affairs of nations. Today cryptanalysts gather

secret intelligence with the aid of electronics and mathematics

made a practice of gathering infor-

mation that other nations wish to
conceal, the most effective means of ob-
taining such information has almost
certainly become the breaking of codes.
Today so much secret information is
contained in coded radio messages that
cryptanalysts can intercept more intel-
ligence than secret agents can steal.
And since this intelligence, cryptana-
lyzed under conditions of rigorous sur-
veillance, consists of the sender’s actual
words, it is far more reliable than in-
formation received through intermedi-
aries.

Obviously information about such
activities is itself secret, but enough is
known about them to indicate their
scale. The U.S. Department of State
sends and receives some 10 million en-
ciphered words a month. The National
Security Agency, which makes and
breaks codes and ciphers for the U.S,,
is reported to have 12,000 employees
and an annual budget twice as large
as that of the Central Intelligence Agen-
cy

In a world where nations have long

Codebreaking has frequently influ-
enced the course of history. In World
War I the British solved German diplo-
matic codes and thus were able to read
the notorious Zimmermann telegram, in
which Germany offered to give Mexico
three American states if she would enter
the war on Germany’s side. Most his-
torians agree that this revelation gave
the U.S. its final push into the war. On
the eastern front repeated German suc-
cesses in solving Russian ciphers ac-
celerated the downfall of the Czarist
armies. In World War II American
cryptanalysts broke the principal Japa-
nese naval code, which contributed
greatly to the U.S. victory at the deci-
sive Battle of Midway. The breaking of
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by David Kahn

the Japanese merchant-marine code en-
abled U.S. submarines to take a high
toll of Japanese shipping.

Secret messages that have resisted the
efforts of cryptanalysts have also shaped
events. In 1940 and 1941 the Russian
intelligence network headed by Richard
Sorge in Japan transmitted thousands of
five-digit cipher groups that the Jap-
anese intercepted but could not break.
These messages told the Russians that
Japan was not going to attack the
U.S.S.R. but was going to move south.
This information enabled the Russian
commanders to withdraw army divisions
from the East and use them to defend
Moscow.

Secret communications are known
from the beginnings of Western civili-
zation. Learning that the Persian king
Darius was about to attack Greece, a
Greek living in Persia scratched a warn-
ing message on a wooden writing tablet,
then covered the tablet with wax so that
it looked like a fresh writing surface. He
sent it to Sparta, where Gorgo, the wife
of the Spartan king Leonidas, guessed
that the blank wax writing surface
covered something important, scraped it
off and discovered the message that
enabled the Greeks to prepare for
Darius’ attack—and to defeat him.

Techniques of this kind, which seek
to hide the very existence of a secret
message, are called steganography.
Other forms of steganography are in-
visible inks, radio systems that emit long
messages in a single short spurt, jargon
code systems in which innocuous words
have secret meanings, and systems in
which only certain letters or words of a
message signify anything, the others be-
ing mere padding to make the whole
sound harmless. Steganography differs
from cryptography, which makes no at-
tempt to conceal the presence of a se-
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cret message. Cryptography aims at
making the message unintelligible to
outsiders by various transformations of
the “plaintext,” the cryptographer’s
term for the message to be transmitted.

Cryptography transforms the plain-

text in two basic ways: transpo-
sition and substitution. In transposition
the letters of the plaintext are jumbled,
or rearranged. For example, the word
secret might be transposed into
ETCRSE. In substitution the letters of the
plaintext are replaced by other letters,
numbers or arbitrary symbols. Secret
might be rendered as TFDsFU, or as
19 5 3 18 5 20. Transposition and sub-
stitution can be combined.

Substitution systems, which are much
more diverse and more widely used
than transposition systems, rest on the
concept of the cipher alphabet. Such an
alphabet provides a list of equivalents
for converting letters into secret form
[see upper illustration on page 42].

It is well known that this elementary
system can be readily broken, provided
that the message consists of more than
just a few words. The reason, of course,
is that the various letters of every writ-
ten language have a remarkably con-
stant frequency of occurrence. In any
sufficiently large sample of English text
about one out of eight letters will be an
e, the most frequent letter in English,
one out of 11 letters will be a ¢, the
second most frequent, and so on [see
illustration on page 41]. This makes it
possible for the cryptanalyst to identify
the plaintext letters under their cipher-
text disguises. He can assume that the
most frequent ciphertext letter proba-
bly stands for e, the second most fre-
quent for ¢, and so on.

The phenomenon of frequency also
holds for digraphs, or combinations of



MODERN CRYPTOGRAPHIC MACHINE is a recent version of a
device invented in 1934 by Boris C. W. Hagelin. Its innards consist
of six wheels and a drum, which combine to generate the key. The
key consists, in effect, of successive movements of the mechanism
that slide the cipher alphabet through a variable number of posi-
tions after each letter is enciphered. The key is duplicated by an
identical machine at the receiving end and is varied by changes in

b

PRINTED TAPES show the output of the Hagelin cryptographic
machine when it is enciphering and deciphering. The top line of
the enciphering tape (a) shows what the cipher clerk is typing: the
plaintext message (with W arbitrarily used to indicate breaks be-

settings made by prearrangement or according to instructions sent
as part of the message. To encipher, one types the message on the
keyboard. Each enciphered letter is printed out, along with its
“plaintext” equivalent, on a double tape (top). To decipher, one
types the ciphertext and the plaintext is printed out. This machine
can be teamed with another that automatically prepares or reads
a punched tape that is compatible with a high-speed teletypewriter.

tween words), automatically broken into five-letter groups. The
next line shows the encipherment. The deciphering tape (b) shows
the string of cipher letters and, below them, the deciphered mes-
sage. (W, the word-break indicator, is omitted from the plaintext.)
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ROTOR MACHINE (top), prototype of today’s most advanced
cryptographic machines, was invented in 1917 by Edward H.
Hebern. This is a 1928 model. The 26 contacts on one side of a ro-
tor (bottom) are wired in random fashion to contacts on the other
side; the set of rotors provides an electrical path through what
is in effect a series of cipher alphabets. A cipher clerk inserts the
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rotors in a prearranged order, sets them in prearranged positions
and enciphers by pressing keys for a letter of the plaintext and
noting the cipher letter illuminated on the panel. After a letter is
enciphered, rotors turn to establish a new electrical path, chang-
ing the cipher alphabet. To decipher, a clerk at the receiving
end presses keys for the cipher letters and reads off the plaintext.
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two letters; in English the most frequent
digraph is th. Starting with such as-
sumptions, the cryptanalyst can form
possible word skeletons such as the-e.
These he can flesh out by guessing what
the missing letters might be. With the-e
he might try 7 or s as the missing letter,
seeing which one makes sense else-
where in the message.

Such is the basic form of substitution

cryptanalysis. It has been known
and practiced in the Western world for
more than 500 years, and in a sense the
entire history of cryptology may be
viewed as the efforts of cryptographers
to defeat it and of cryptanalysts to re-
duce each new system to terms in which
this method can be applied.

One of the cryptographer’s earliest
and most obvious devices was to use
more than one substitute for each let-
ter. The cipherer might replace e by
any of several homophones, or multiple
substitutes, for example 16, 23, 98 or
55. Enemy might thus appear as 16 41
98 77 62 in one part of the message and
as 23 41 16 77 62 in another. Cryptana-
lysts soon discovered that when the
same word was enciphered two or three
times, the homophones would differ
while the other substitutes remained
constant. This enabled them to reduce
the homophones to equivalent terms
and proceed with the basic method of
solution.

About 1466, in a little treatise writ-
ten after the pope’s secretary asked him
during a walk in the Vatican gardens to
turn his mind to cryptology, the Italian
architect Leo Battista Alberti devised a
new cryptographic principle that lies
at the basis of most modern ciphers.
Called polyalphabeticity, it employs a
number of cipher alphabets for a single
message. Alberti generated his several
alphabets from a single primary one by
sliding them in relation to the conven-
tional alphabet. This produces a table of
as many alphabets as there are letters,
each with a different keyletter [see
lower illustration on next page]. A cryp-
togram produced by Alberti’s method
defeats the basic method of solution of
monoalphabetic ciphers because the
cipher equivalents for the plaintext let-
ters vary.

The legitimate recipient of a poly-
alphabetic cryptogram would be as baf-
fled as the cryptanalyst if he did not
know which alphabet was used for each
letter of the message. Alberti inserted
keyletters at intervals in his cryptogram
to indicate which alphabet would be
used for the next few words. A Bene-

dictine abbot, Johannes Trithemius,
improved on this system by using a dif-
ferent alphabet for each letter and run-
ning through all the alphabets in order;
this is called a progressive system. In
1553 Giovanni Battista Belasco devised
a simple and secure way to indicate the
alphabets in use. He used a keyword
that could be easily remembered and
as easily changed. To encipher a mes-
sage he wrote this keyword repeatedly
over the letters of the plaintext; each
letter of the keyword then designated
the cipher alphabet that was to encipher
the letter of plaintext below it. To
decipher the message the recipient
would simply reverse the process.

For some 300 years this cipher system

remained essentially impregnable.
Because it was tedious and subject to
error, however, cryptographers clung to
elaborate homophonic systems that em-
ployed substitutes for digraphs, syllables
and common words and names. The in-
vention of the electric telegraph made
prompt corrections feasible and also
created a demand for flexible ciphers,
a demand that polyalphabetic systems
fitted admirably. Probably as a result
of this intensified interest Friedrich Ka-
siski, a retired German infantry major,
discovered and in 1863 published the
general method for the solution of
polyalphabetic ciphers with repeating
keys.

Kasiski’s solution depends on the fact
that like causes produce like effects.
When the same portion of the repeating
key is used to encipher a repeated bit of
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plaintext, the enciphered text will be
the same in both cases. For example:

Key: LABLABLABLAB
Text: attackatdawn
Cipher: LNYLSVLNCLPW

Here at occurs twice in the plaintext
and happens to be enciphered both times
by the cipher alphabets represented by
the keyletters LA [see lower illustration
on next page]. The L alphabet trans-
forms a into L and the A alphabet trans-
forms t into N. Because the key was
repeated several times before it was
used to encipher the second at, the
distance between the repeated LNs will
indicate both the number of times the
key has been repeated and its length—
the latter a datum of great value. If the
cryptanalyst can find enough repeti-
tions, he can determine what factor is
common to the distances between them.
For instance, if he finds repetitions that
stand 18, 36, 42 and 60 letters apart,
he can see that all these numbers are
multiples of six and therefore that the
keyword is six letters long. He can then
sort the letters of the cryptogram into
six groups, each of which has been en-
ciphered by a single keyletter, that is, in
a single cipher alphabet. The crypt-
analyst can now analyze each group ac-
cording to the principles of letter fre-
quency, just as he would an ordinary
monoalphabetic cipher.

Kasiski’s technique for breaking a
polyalphabetic cipher stimulated cryp-
tographers to devise more ingenious
enciphering schemes. They proposed

- —

FREQUENCY (PERCENT)

0=

ABCDEFGHI JKLMNOPQRSTUVWXY Z

FREQUENCY CHART gives the relative usage of the letters of the alphabet. In a typical
sample of English, for example, about 13 percent of the letters will be e’s, 7 percent n’s,
2 percent p’s. The frequency is remarkably constant and is the main tool of the cryptanalyst.
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using keys that did not repeat (“running
keys”), such as the text of a book. In
1883, however, a French language
teacher named Auguste Kerckhoffs de-
vised the general solution for poly-
alphabetic ciphers. His technique is
called superimposition.

The cryptanalyst hunts among his in-
tercepted messages for two or more
identical ciphertext fragments. These
would indicate that the same portion of
running key has enciphered a repeated
fragment of a plaintext. Another way to
discover where the same portion of run-
ning key has been used to encipher two
or more messages is by solving the
system of indicators by which one
cipher clerk tells another where in the
keybook he is starting the running key.

The cryptanalyst then writes out the
messages, lining them up so that parts

PLAINTEXT LETTERS a b ¢

CIPHER LETTERS L B Q A C SR D TO

SUBSTITUTION, the basis of most ciphers, rests on a cipher alpha-
bet that provides a list of letters, each equivalent to a different
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POLYALPHABETIC SYSTEMS provide a number of different
sets of substitutes for letters of the plaintext alphabet (top). This
alphabet table has 26 alternative cipher alphabets, each designated
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that have been enciphered by the same
portion of the running key stand one
below the other [see illustration on op-
posite page]. This will assemble into
columns the letters that have been en-
ciphered by the same key letter; the re-
sult is columns of letters that have each
been enciphered monoalphabetically.
The cryptanalyst subjects each column
to frequency analysis and thereby re-
covers the plaintext.

Given columns of sufficient length,
Kerckhoffs” superimposition method can
solve any polyalphabetic cipher—except
one. And that is the one cipher that is

theoretically unbreakable.

Igy 1914 several officers at the Army
: Signal School at Fort Leavenworth,
Kan., primarily Captain Parker Hitt, had
observed that a key that never repeated
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would not succumb to superimposition.
Such a key would still be vulnerable,
however, if it consisted of understand-
able language. This was shown in 1917
by William F. Friedman, who solved
cryptograms produced with a nonre-
peating but coherent running key. In
effect he cross-solved for both the key
and the plaintext, working one against
the other. The Hitt and Friedman lines
of work converged in the conclusion
that the only unbreakable cipher is one
with a key that never repeats and con-
tains neither meaning nor pattern.
Lieutenant Joseph O. Mauborgne of
the Army Signal Corps came to this
conclusion when in 1918 he added the
concept of a patternless, endless key to
a cipher machine invented by Gilbert S.
Vernam of the American Telephone and
Telegraph Company. The resulting ma-

gr stuvwxyz
JXGKYUNZEFP

letter of the plaintext. With this alphabet, for example, enemy
would be enciphered as cHcmE; swc would decipher as foe.

W X y 12 PLAINTEXT ALPHABET
N Z E P
Z E P L
E P L B
P L BOQ
L B QA
B QO AC
Q A C S
A C S R
C S RD
S RDT
RDTO
DT O F
ToFrwv CIPHER ALPHABETS
O F VM
FVMH
vV M HW
M H W

H W | |
W I J X
I J X G
J X G K
X G K'Y
G K Y U
K'Y UN
Y UN Z
U N Z E
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by a number or letter (left). A keyword can be used to indicate the
alphabet that enciphers each successive letter. If the keyword is
RUN, for example, the alphabets labeled R, U and N are used.



chine, based on the teletypewriter, car-
ried its key in the form of a perforated
teletypewriter tape; the pulses repre-
sented by the holes in this tape were
automatically added to the teletype-
writer pulses of the plaintext. At the
receiving end a machine with an identi-
cal key tape subtracted the key pulses
from the pulses of the enciphered mes-
sage. Vernam’s machine was the first
that automatically enciphered and trans-
mitted in a single operation. This auto-
matic feature fitted it admirably for
handling the interminable lengths of
random key required to make the cipher
unbreakable. An outsider could read the
message only if the key tape itself fell
into his hands.

Could not the cryptanalyst try every
possible key until he obtained an under-
standable message? The answer is no.
Suppose he were given a four-letter
cryptogram and tried deciphering it
with every four-letter key from AAAA
to ZZZZ. He would find at the end that
he had simply compiled a list of all the
four-letter words in every language—
together with much gibberish—and since
he would have no reason to prefer any
one of the keys to any other, he could
no more pick out the correct plaintext
from his list than he could from a dic-
tionary.

Why, then, is this unbreakable ci-
pher—the “one-time system”—not in uni-
versal use? Mainly because it would
require too great a volume of key,
equivalent in length to all the messages
a nation might send during its existence.
Secondarily because, in a fluid military
situation, signal posts cannot cancel
keys used by other posts in order to
prevent the employment of a key twice.
Some keys would inevitably be used two
or more times, thereby leaving inter-
cepted messages open to solution.

In diplomatic and secret-agent com-

munications, however, one-time sys-
tems play an important role. Germany
was the first nation to adopt such a sys-
tem when early in the 1920’s the For-
eign Office began using “one-time pads.”
These were random numbers printed on
sheets that were bound into pads; each
sheet was torn off and discarded after a
single use. The U.S.S.R. introduced one-
time systems into its diplomatic corre-
spondence and its secret-intelligence ef-
forts in the 1930’s. During World War
II, Sorge obtained the keynumbers for
his one-time system from a German
book of trade statistics. Since the war
Russian agents appear to have used the
pure one-time system. Peter and Helen

a
b WADTA &l ulLlula i
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i ’ WIKIN | H
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SUPERIMPOSITION of messages enciphered by a long key makes it possible to solve them
all. Here messages a and b have been lined up by the repetition of NIHPK, messages b and ¢
by statistical tests based on one-letter coincidences. This superimposes in columns the
letters that have been enciphered by the same alphabet. Frequency analysis does the rest.

Kroger, arrested as Russian agents in
Britain in 1961, had their key numbers
listed on scrolls about the size of a
cigarette butt, hidden inside a cigarette
lighter. Rudolf Abel, the Russian agent
captured in the U.S, used a postage-
stamp-sized book of key numbers, print-
ed partly in black and partly in red,
presumably to distinguish enciphering
keys from deciphering keys. Other users
of one-time systems include the U.S.
Department of State, the United Na-
tions and the International Monetary
Fund. The “hot line” between Washing-
ton and Moscow safeguards its messages
with a mechanism of the Vernam type
that uses a one-time tape.

Nevertheless, the practical difficulties
of the one-time system have led cryp-
tographers to employ other cipher sys-
tems. The best of the common modern
systems is the rotor machine, invented
first in 1917 by Edward H. Hebern of
the US. and independently within the
next few years by Hugo Koch of
the Netherlands, Arvid G. Damm of
Sweden and Arthur Scherbius of Ger-
many.

The rotor of such a machine consists
of a disk of hard rubber or plastic, usu-
ally about three inches in diameter, with
26 electrical contacts on one face that
are wired in random fashion to 26 on
the other face. Several rotors—up to
eight in some models—turn on the same
axis [see illustration on page 40]. When
the cipher clerk presses a plaintext let-
ter on the machine’s typewriter key-
board, an electric current travels in a
tortuous path through the series of ro-
tors and emerges at the cipher letter.
After each letter has been enciphered,
one or more of the rotors turns one or
more spaces, establishing a new net-
work and therefore new cipher substi-
tutes.

The effect of eight rotors is to pile
eight polyalphabetic ciphers one on the
other with the result that 268 letters—
more than 200 billion—can be enci-
phered before the first cipher alphabet
repeats. A cryptanalyst who wants to
apply a solution of the Kasiski type to
messages enciphered by an eight-rotor
machine would need to have 40 or 50

© 1966 SCIENTIFIC AMERICAN, INC

times 26% letters in order to have enough
letters enciphered by each alphabet to
permit a frequency analysis. The vol-
ume requirement would be about the
same for a solution by Kerckhoffs’ meth-
od of superimposition.

Because such a general solution to a

rotor cipher would require more
text than would ever be available, the
cryptanalyst must fall back on special
solutions. He guesses at, or obtains in
some fashion, part of the plaintext of a
message. This is not too hard: The text
of a diplomatic note handed to the Sec-
retary of State can be compared with
the enciphered version, and a military
message to a forward headquarters that
is followed by an attack may well have
contained the order for the attack. Next
the cryptanalyst converts the rotor wir-
ing into algebraic terms, whose quanti-
ties are of course still unknown to him.
This he does by enumerating the num-
ber of places between an input contact
and an output one. For example, a wire
from input contact No. 3 to output con-
tact No. 10 would make a displacement
of seven. Then, selecting two encipher-
ments that result in the same cipher let-
ter, he is able to set up a series of si-
multaneous equations in which the
plaintext letter (in numerical form) plus
the unknown quantities of the rotor dis-
placements equal the cipher letter (also
in numerical form). Given enough text
to work with, these equations can be
solved and the wiring of the rotors re-
constructed. Friedman, in the 1920,
was the first to solve a rotor machine—
Hebern’s.

In the course of that work Friedman
perfected a statistical test that revealed
when two or more cryptograms were
superimposed in such a way that the
columns of letters were enciphered
monoalphabetically, as would be re-
quired to apply Kerckhoffs” method. If
they were not correctly superimposed,
the cryptanalyst could shift one of the
cryptograms one space and repeat the
test. The test is of great practical im-
portance, but more significantly it in-
troduced the powerful arsenal of statis-
tics and mathematics into cryptology,
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ENDLESS KEY, whether in the form of pulses from a tape or a nonrepeating series of
numbers, can make a cipher unbreakable. This cipher, of a type used by Russian secret
agents, first transforms the plaintext into numbers according to a keysquare (top). This con-
verts the eight letters of the keyword (ORIENTAL) into single digits and the 18 other letters
of the alphabet, the period and the diagonal (which is used to indicate a switch from let-
ters to numbers and back again) into pairs of digits like coordinates. Then the key, a non-
repeating series of digits (color), is added to the cipher numbers (using noncarrying addi-
tion) to make the final ciphertext, which is broken into five-digit groups for transmission.

curity Agency is believed to have more
computers than any other organization
in the world. It uses them not only to
break ciphers but also to help develop
them. To determine which of several
cryptographic variations affords the
greatest security, cryptographers can
make mathematical models of them and
use the computers to test them.

opening the way to the many sophisti-
cated analytical methods in use today.

This test helped Friedman and a
team of Army cryptanalysts solve by
August, 1940, the rotor-like Japanese
diplomatic cipher machine called Pur-
ple, which yielded so much information
about Japanese intentions before Pearl
Harbor and afterward. During World
War II the U.S.S.R. solved the German
four-rotor machine Enigma (designed In
by Scherbius), probably using the basic
method of rotor solution.

In the past 20 years rotor machines
have become far more sophisticated
than Purple and Enigma. The complex-
ity of the simultaneous equations that
must be handled to break the crypto-
grams produced by the new machines
is so great that cryptanalysts must use
electronic computers. In addition, the
volume of cryptanalytical work has
grown so large that the National Se-

addition to one-time systems and
rotor systems, a third polyalphabetic
system, simpler and cheaper but less se-
cure than the other two, enjoys consid-
erable popularity. Invented in 1934 by
Boris C. W. Hagelin, a Swedish me-
chanical engineer, the system in effect
is a gear with a variable number of
teeth that drives a cipher alphabet
through a variable number of places.
Hagelin’s device generates variations in
such a way that it will encipher 2.8 bil-
lion letters before repeating. An earlier

en em ya tx ta |ck| in ga dj a en ts qu ad
AS NT NwW GO

[AS| GL UE PD NG [KQ| HP AB XM BE

PLAYFAIR CIPHER converts two letters at a time. If they are in the same row, sub-
stitute for each the letter to its right; if they are in the same column (ck), substitute the
letters below each. If in neither the same row nor column (en), trace their rows and col-
umns and take the letters at the intersections as the cipher, with the row-letter of the first
plaintext letter first. (Double letters are separated by a nonsignificant letter such as X).
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model of the Hagelin machine was used
by the U.S. Army for middle-echelon
communications during World War II.
The Hagelin firm today sells its ma-
chines to some 60 nations.

All these systems encipher one letter
at a time and are therefore called mono-
graphic. Polygraphic systems, which en-
cipher two or more letters at a time,
also exist. Probably the best-known di-
graphic system is the Playfair, devised
by the 19th-century British physicist
Sir Charles Wheatstone, probably to
provide privacy for messages sent over
the electric telegraph he had invented.

Named for Wheatstone’s friend Lyon
Playfair, the cipher utilizes a five-by-
five array of letters to encipher two
letters at a time [see bottom illustration
at left]. Each two-letter cipher group
depends on its plaintext pair as a whole
and not on its individual members. Thus
th might encipher to aB, whereas ti
might become ok. The arrangement of
letters within the array constitutes the
key. The British used the Playfair as
their field cipher during part of World
War 1.

Polygraphic systems can offer greater
security than monographic ones be-
cause they can resist frequency analysis
better. A digraphic cipher alphabet will
contain 26, or 676, letter pairs. This
means the cryptanalyst must distinguish
among 676 elements instead of 26, and
the characteristics of the elements are
less pronounced. Whereas the differ-
ence in frequency between the most
common single letter in English (e) and
the next most common () is 3 percent,
the difference between the most com-
mon digraph (th) and the second most
common (he) is no more than .5 to .75
percent. The difference narrows pro-
gressively for the less frequent digraphs.

It follows that systems enciphering
several letters at a time should offer
even more security than a digraphic
system. In 1929 the American mathe-
matician Lester S. Hill invented an al-
gebraic polygraphic system that can
encipher any number of letters at a
time. It transforms the letters into num-
bers and uses them as the variables in
a set of simultaneous equations. The
constants of these equations constitute
the key of the cipher; the solutions of
the equations constitute the text of the
cipher. A difference of a single letter
in the plaintext will affect all the equa-
tions of the set and so will alter a sizable
section of the ciphertext. There is no
theoretical limit to the number of letters
that can be enciphered simultaneously,
but even in polygrams of a few letters



the practical difficulties of encipher-
ment are prohibitive. Even though the
solution of the Hill system presents an
extremely difficult problem, however,
the cipher seems never to have been
used by any government.

All the systems described thus far
are ciphers. There is another general
class in cryptography: code. A code
consists of a list of from a few hundred
to tens of thousands of plaintext ele-
ments—words, phrases, syllables, num-
bers—each of which is paired with its
secret equivalent, usually a short group
of letters or numbers.

,_\COde can be regarded as a gigantic
+ % monoalphabetic substitution in the
sense that both employ a single list of
equivalents. The distinction between
code and cipher depends essentially on
the length of the list; in theory no sharp
dividing line can be drawn between
them, but in practice they are quite dis-
tinct. Cryptologists sometimes say that
a code deals with plaintext elements of
variable length and a cipher with plain-
text elements of constant length. A more
penetrating and useful distinction, per-
haps, is that codes operate on linguistic
entities whereas ciphers do not—a cipher
will split the ¢ from the h in the, for
example. Many cryptanalytic agencies
have separate sections for solving codes
and ciphers, the code section being
staffed largely by linguists and the ci-
pher section largely by mathematicians.

The solution of a code is mainly an
extension into the domain of words of
the techniques used in the domain of
letters for monoalphabetic substitution.
Repetitions and stereotyped expressions
play a large part; often the first step is
the identification of code groups that
represent the stops, or periods, outlin-
ing the structure of the message.

To make this harder, codes are often
superenciphered: the codewords or
codenumbers are enciphered by some
cipher system just as if they were ordi-
nary plaintext. Yet cryptanalysts can
strip off superencipherments; in effect
they solve ciphers whose plaintext is it-
self code.

Feats such as this one may make it
seem that, outside of the one-time tape,
no unbreakable ciphers exist. In theory
this is true; in practice it is not. Rotor
systems can produce a cipher that no
one will be able to break. They must,
however, be used properly: key ele-
ments must be varied frequently, per-
haps as often as once an hour. When the
key elements are poorly chosen, or when
a cipher clerk makes a mistake that ne-

cessitates a reencipherment of the same
message, opportunities are presented
for cryptanalysts to solve the system.
Such human errors occur
quently in the message traffic of smaller
countries, and they are mainly what
keep the cryptanalysts of today in busi-
ness. The major powers nearly always
handle their cryptography correctly,

not infre-

and their messages remain largely in-
violate.

Perhaps the outstanding example of
a cipher that in theory can be broken
but in practice cannot is a pencil-and-
paper system used by the former Rus-
sian agent Reino Hayhanen, the man
who betrayed Rudolf Abel. The system
consisted essentially of a monoalpha-

3 96 408565172
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7. bcdfghjkmp
2l gsuvwxyz/
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74 4 73 27 444 27 78 5 24 4 79 3 0 8 5 79 8 4 76 74 9 4 76 22
will cons ultbeforeinvesting
206 1179 3 029 26 1 8 73 4 74 3 9 4 6 0 24 4 29 8 6 0 70
incoverb usines s . na't
6 0 79 3 24 4 9 713 26 29 6 0 4 29 29 22 0 5 8
4 75829613 4 6 2153
7 4 4 7 3 2 7 4 4 4 4 9 6 2 9
4 2 717 7 8 5 2 4 4 7 7 8 6128
79 3 08 5 7 9 8 0 4 6 0 3 2
4 76 7 49 476 8 8 46 2 3
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302 9 26 1817 6 9 4 4 4 6
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9 73 26 2 960 339209 7
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4 0 3 9 8 3
9 727 2 2
4 4

66067 49470 79299 74986 49467 42402 53219 42306

27276 25632

47089 64753 40224 94223 22470 49342 18247 48998 07387 77071

HAYHANEN CIPHER begins with substitution according to a keyvsquare. The resulting
string of digits is written into a transposition block (left). The digits are then taken out
of the block by columns (in the order of the key numbers) and written into a second
block (right). This one has steplike areas; the numbers fill first the space outside, and
then inside, these areas. Finally the digits are transcribed by columns into groups of five.
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- 52666 c....Ship’s papers
- 00547 o....Ship ready for

- 07197 c....Ship Rock
4 28810 4
B 07827 4
0 11096 4

Ship should

— 53316 B....Ship should be
—~ 30764 4....Ship’s Steward-s—from—of
— 07488 4....Ship still afloat

~ 00982 c....Ship to ship

4 35503 B
B 27649 ©
c 11028 B

- 51867 B....Ship will

00296 B
28618 ¢
30799 4

Ship was

Ship will be

Qwh

- 35639 4...Shipment—of

~ 42581 c....Shipment to

- 01683 4...Shipments—of

- 50688 c...Shipowner-s

4 11193 B
B 28346 ©
¢ 31950 B

~ 03680 cC....Shipped at
- 36276 c....Shipped by

Shipped

- 50302 cC....Shipped from

A 28742 B
B 06863 B
C 27989 4

-~ 04130 B....Shipped to
- b0O817 4...Shipper-s

Shipped in

CODEBOOK of the British Navy in World War I listed numerical
code groups opposite the words and phrases for which they sub-
stituted. Entries were arranged according to the alphabetical order

betic substitution followed by two trans-
positions [see illustration on preceding
page].

Hayhanen had to remember four pri-
mary keys—a date, a word, a number
and the first 20 letters of a Russian pop-
ular song—together with the compli-
cated process by which they generated
the keys for the substitution and the
transpositions. The system also required
a fifth key, a number that Hayhanen
selected at random for each message
and inserted in the final cryptogram at
a predetermined point known to the de-
cipherer. Since this randomly selected
number affected the entire key-genera-
tion process from the outset, it com-
pletely changed the substitution and
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07461 B...My 749
07462 A...Propert-y—of

-~ 07463 c...Shall not
— 07465 B...Simplicity—of
— 07466 c...Unfit for

|

[N - I W

Qe

07467 A...Swollen

07469 B...This morning Thursday-'s
07470 c...Nought six four five
07470 B...Refit-s—at—on
07470 4...25th November
07471 c...Your 616

07472 c...Thorm Rock

07474 B...She will have

07475 c...Hindustan, H.M.S.
07475 4...25th June

074756 B...19th March

07476 4...Without waiting to

- 07477 c...Wireless installation—of .

|

07478 4...Your 589
07479 c¢...Unconnected

— 07480 B...Undesirability—of

(¢

QW e |

07482 cC...Pushed

07483 4...Your 501

07484 B...Tajura

07486 4...Your 251

07487 n...Rear Admiral, Egypt
07487 4...Received—at—on
07487 c¢...Lamlash

07488 A4...Ship still afloat

— 07489 B...When ready to

- 07491 B...Spanish Mac-Mah6n
4 07492 4...Submit I may be

B 07492 c...These

¢ 07492 B...She

~ 07493 B...Proceed-s in

- 07494 4...Wired from

transposition keys from one message to
another. This made each message essen-
tially a unique problem for the cryptana-
lyst. Although cryptanalysts can envision
ways of solving the Hayhanen system
and might, given an indefinite amount of
time, actually solve a message, the sys-
tem is in practice impregnable.

Secrecy in communications is not lim-

ited to writing; it can be applied to
speech and pictures as well. Telephone
or radio signals can be distorted by
scramblers that invert high sound fre-
quencies to low, alter the normal am-
plitudes of speech, chop the stream of
sounds into segments and transpose
them, or combine several of these meth-
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of the plaintext word or phrase in the encoding section (left)
and in numerical order in the decoding section (right). Common
words and phrascs had multiple substitutes for added security.

ods. Some of the more recent scram-
blers employ pulse-code modulation,
which converts a voice signal into
digital pulses; the pulses are then en-
ciphered. Video-scramblers are used in
subscription television to make the tele-
cast unintelligible to viewers whose sets
are not equipped with a descrambler.

What of the future? New systems of
communication, such as might be pro-
vided by the laser, would at most im-
pose a new level of technical complex-
ity on top of the underlying linguistic
problem. It would not reduce the need
for secrecy. It seems likely that cryptol-
ogy will continue to exist as long as
knowledge in a nationalistic world re-
mains power.



Xodalk advertises:

“This is photography

The Chicago Museum of Science and Industry has a new
exhibit area that uses beauty and other wiles to plant an
unconscious notion in the heads of youngsters, underprivi-
leged and overprivileged, that photography is a subject.
Please join us in hoping that for a few souls each day it will
become a sort of door to a useful and interesting life.

Let’s start thin-layer chromatography

The price of this
EAstMAN CHROMA-
GRAM Kit for thin-
layer chromatog-
raphy is $64 when
ordered from Distil-
lation Products In-
dustries, Rochester,
N.Y. 14603 (Division
of Eastman Kodak
Company). We see:

1. A busy industrial laboratory. Too many fires have to be
put out before Friday afternoon to take time out for instruct-
ing the semi-professional personnel in new techniques like
TLC. Along comes this kit. Its instruction manual demands
few prerequisites. Under its guidance the learner takes out
from the kit the pre-coated silica gel sheet, the developing
apparatus, the handy little sample applicators, the eluant, the
little bottle of test dye. By the time coffee break is over, the
learner has resolved the test dye into its three components and
feels a surge of incentive to plough on in the manual to find out
about visualization of components that do not happen to come
in three convenient colors, about other development tech-
niques, about pre-treatment for certain separations, etc. By the
time the learner’s boss comes by to ask, “Any questions?”
the foundations are in.

2. Headquarters for some sort of field force that has ana-
lytical chemical responsibilities: Decision is reached that
times and techniques have changed and that here is a rare case
where the trend is toward simplicity instead of complexity.
Nice to have everything fit into one neat box. Modern separa-
tion technique breaks out of the central research lab and into
the grass roots.

3. A collegiate institution proud to teach the skills that
are marketable in this part of the century: Faculty decides
that such an elementary technique should not have to be
taught to graduates by their bosses. Kits ordered.

4. A collegiate institution that does not believe its function
is to teach job skills: Faculty decides that plate-coating for
thin-layer chromatography is not worth shoehorning into the
curriculum but thin-layer chromatography itself is. Kits
ordered.

5. High school desiring to elevate its standing just a touch:
Chemistry teacher bases lecture demonstration on EASTMAN
CHROMAGRAM Kit. Properly avoids reference to brand name.
CHROMAGRAM® System ingratiates itself into the fabric of
the age.

Price of the kit subject to change without notice. Laboratories that
know all about TLC but have been waiting for alumina-coated sheet
before adopting the System need wait no longer. We now have it.

Explain it to the fellows, Tom

Ask a lawyer about holographs. He will tell you that in Scot-
land, Quebec, Louisiana, and in most of continental Europe a
holograph is valid without being attested by witnesses, being
a document wholly in the handwriting of the maker. If he is a
patent lawyer, however, he may only groan and launch into
bitter complaint about overwork and a hopelessly lengthening
backlog. This indicates that he understands all too well the

a door in Chicago . . . a box in 5 visions . . . an interesting position for a sup-
plier of light-sensitive materials . . . effective lantern slides, some a bit startling

new meaning of holography because he is working for one of
the hundreds of organizations where implausible but none-
theless feasible ideas are popping fast on how to use the new
lensless photography, or laser photography, or wavefront
reconstruction, or whatever it’s called in the latest article
where some reporter strives valiantly to explain holograms.

(Yes, holography does permit making perfectly respectable photographs through
ground glass. Yes, stereoscopic photographs. Stereoscopic singles, unpaired.
Why not?)

As one might guess, we are finding the mail and the switch-
board loaded with oh-by-the-way-type questions about ma-
terials on which to make holograms. Nobody can be blamed
for wanting to sound casual about the subject. Maybe it will
all blow over. Maybe nothing will come of it. Too bad so to
conclude and then turn out to have been wrong.

Which leaves us, as a leading supplier of light-sensitive ma-
terials, in an interesting position. To advertise that we offer
the perfect material for holography would seem timely but
unfortunately would be sheer nonsense. Holography repre-
sents such an entirely different viewpoint on the nature of
photography —such an entirely different collection of view-
points, in fact—that even defining what you want the photo-
graphic material to do may be half or three-quarters of the
battle. And useless to the next holographer on the phone.

If it would help to try talking it out with someone who understands
photographic materials, try 716-325-2000, extension 2720, which
connects you with Eastman Kodak
Company, Special Applications, Roch-
ester, N.Y. 14650. We begin each wih
conversation with a clean sheet of the
note pad and a certain type of carefully

f& &\v
cultivated memory loss. Meanwhile, <7 ‘
pity poor Tom Freeman. He has a ., )
tough assignment. Here he is trying to M
write an article for our men on the ok
e — 2 ‘_’

road that will tell them what to reply
when a customer asks about holography. SRS b

Dangers in the dark

Once upon a time there were two imaginary and imaginative
brothers named Ike and Mike who did not imagine alike. Ike
was quite a showman. He reeked pizazz. He could think of a
million little tricks to make people sit up and take notice. The
sad part about Ike was that after the people did sit up and take
notice, they felt cheated when they discovered how little he had
that was worth taking notice of.

This taught a valuable lesson to Mike, who was younger.
Mike devoted his share of the family brilliance to soundness.
He shunned pizazz like the plague. And he turned out sadly,
too. He made his stuff sound and look so dull that the people
couldn’t bear to give it any attention. Far too late to do him
any good, his brilliant imagination was recognized one cold
night in a library by a scholar searching for something of an
entirely different category.

A middle course is not only possible but desirable. A lecture
to a class or a paper to a colloquium can be vivid without
going quite as far in its graphics as the average television com-
mercial. For an occasional “spectacular,” where some repre-
sentation of motion such as flow of different rates and direc-
tions, reciprocation, rotation, vibration, etc. will help get a
complicated idea across at an important presentation, we now
even offer a rotating polarizing device called the Kobpak
Motion Adapter that fits over the Kopak CAROUSEL Slide
Projector. We shall be glad to tell you how to come by a new
kind of slide that provides such apparent cyclic motion. Inquire
of Eastman Kodak Company, Motion Picture and Education
Markets Division, Rochester, N.Y. 14650.

The same address can also provide a short pamphlet entitled
“Effective Lantern Slides,’ which deals with less startling slides.
Nevertheless, reading it and heeding it will keep you from doing unto
others what has all too often been done unto you in the dark. Single
copies free; $6 per thousand to program committees and others
concerned about unnecessary punishment of technical audiences.
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IT WILL PAY YOU
TO SPECIFY

TMI

WHEN YOU NEED
BETTER QUALITY

TUBING!

There is no substitute for TMI’s kind
of pioneering experience in cold-drawing
stainless steel and special alloy tubing
to ultra-precision specifications. Modern
tubing demands are taking full advan-
tage of our pioneering programs in tube-
drawing. That's why we have some of the
most interesting and challenging custom-
ers in the whole United States. The list
could include you . . . if you have a tub-
ing problem our speciAliZed (A to Z)
knowledge can solve.

SPECI LI Z ED

KNOWLEDGE!

Small diameter cold drawn stainless
steel and special alloy tubing, .050” to
1.250” 0.D. with tolerances to .005”
when your applications require perfec-
tion accuracy. TMI is as close as your
telephone with technical field represen-
tatives throughout U.S.A. and Canada.
Call 215-279-7700.

TUBE
METHODS
INC.

Bridgeport, Montgomery County
Pennsylvania 19405

ENGINEERS + METALLURGISTS » MANUFACTURERS
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Another Step toward Doomsday

hina’s third nuclear test, a sizable
C explosion involving a thermo-

nuclear reaction, moved the Chi-
nese a step closer to the hydrogen bomb
and the human species another step
along the road to nuclear instability.
The Department of State at first mini-
mized both the magnitude and the im-
portance of the explosion; later the
estimate of the yield was increased and
the possibility was raised that the U.S.
might agree to a “no-first-use” pledge
in return for Chinese adherence to the
limited test-ban treaty.

The Chinese reported the test, which
took place on May 9 in the province of
Sinkiang, as “a nuclear explosion that
contained thermonuclear material.” The
State Department first announced that
the explosion was of about the same
magnitude as the first two Chinese
tests, or about 20 kilotons. It was as-
sumed that no significant thermonu-
clear, or fusion, reaction had taken
place. A few days later the estimate of
the yield was raised to 130 kilotons. On
May 20 the Atomic Energy Commission
reported that the yield was at the “low-
er end of the intermediate range,”
which runs from 200 kilotons to a mega-
ton. A yield of even 200 kilotons would
be very large for a device utilizing the
fission process alone and would involve
an uneconomic expenditure of enriched
uranium. Apparently, then, at least part
of the explosion’s force came from a
thermonuclear reaction. Analysis of
debris in the atmosphere showed, more-
over, that the thermonuclear material
lithium 6 had been present in the de-

© 1966 SCIENTIFIC AMERICAN, INC

SUIENCE AND

vice, confirming the impression that
China would soon be testing a full-scale
thermonuclear bomb.

The Chinese have declined to sign the
U.S.-Britain-U.S.S.R. treaty of 1963 that
banned nuclear tests in the atmosphere,
under water and in space. China has
not accepted UN invitations to join
nuclear-arms talks in Geneva or the
world disarmament conference sched-
uled for next year. In May, Premier
Chou En-lai said China was obliged to
continue testing because the U.S. would
not agree that neither country would be
the first to use nuclear weapons against
the other. The U.S. was reported there-
upon to have inquired (through its am-
bassador in Poland, who maintains
contact with the Chinese ambassador
there) if such a pledge might be the
condition of China’s assent to the test-
ban treaty. The exploratory move was
regarded as a significant U.S. diplomatic
initiative, but it seemed unlikely that
the Chinese would discontinue their
tests until they had developed a hydro-
gen bomb.

No Mohole?

Rsing costs and competition from
: other quarters have put the continu-
ation of the Mohole project in doubt.
In spite of considerable scientific sup-
port for this first effort to investigate
the earth’s mantle by drilling into it,
the House of Representatives has fol-
lowed its appropriations committee in
cutting the project out of the budget for
the fiscal year 1967. The committee said
it acted “in view of the current world
situation and the need to continually
review priorities.” It has been noted that
the project has lost its principal cham-
pion in Congress, the late Representa-
tive Albert Thomas of Texas. Until his
death early this year Thomas had been
chairman of the subcommittee that deals
directly with the appropriation for the
National Science Foundation, which is
in charge of the Mohole project.

When the project was inaugurated
in 1960, its cost was estimated at $47
million. Now, according to the National
Science Foundation, it will cost $79.6
million to bring the work to the stage
where drilling can begin and $11
million annually for about three years
of drilling. The plan is to drill from
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a seaborne platform near Hawaii; the

estimated depth from sea level through |

the earth’s crust and the Mohorovi¢ié
discontinuity to the mantle at that point
is between 28,000 and 31,000 feet. Sup-
porters of the project have argued that
direct investigation of the mantle would
provide much important information
about the history of the earth and the
nature of its solid interior. Such argu-
ments may yet save the project, but in
the circumstances the prospect seems

doubtful.

Migrant Scientists

he “brain drain” has become a bit of

20th-century folklore, but the exact
extent of migration by scientists and
engineers has been somewhat obscure.
Now a survey by the Organisation for
Economic Co-operation and Develop-
ment (OECD) has provided much rele-
vant information. According to the
survey, nearly 5,000 highly trained
scientists and engineers migrate to the
U.S. each year. About 42 percent of
them come from Europe and 25 percent
from Canada. A separate survey made
for the United Nations Special Fund
calls attention to an ironic element in
the situation: Since Europe’s outflow of
scientists and engineers is roughly equal
to the inflow from former colonies, the
net effect of the migration is to benefit
the developed nations and nullify any
efforts they may be making to advance
the training of scientists and engineers
in the underdeveloped nations.

The first survey, published in a
special issue of The OECD Observer
devoted to science, covers the period
from 1952 to 1963. Expressing the mi-
gration as a percentage of each nation’s
output of science and engineering
graduates in 1959, the survey found
that the figures range from .9 percent
for France to 32.3 percent for Canada.
“Moreover, there is evidence that the
loss thus sustained is much more serious
in terms of quality than of mere num-
bers. Probably no more than 5 percent
of American scientists were trained
abroad, but of the 631 members of the
U.S. National Academy of Sciences
no less than 18 percent were trained
abroad.”

The second survey was made for the

UN Special Fund by Ehsan Naraghi, an |

WHAT FLUKE IS DOING ABOUT
THE CROWDED RF SPECTRUM

Now, we can’t really expand the rf spectrum which is crowded
beyond imagination, but we do make some of the equipment that
allows maximum use of the available spectrum.

The problem of the crowded spectrum has several different aspects.
A crowded spectrum, for instance, simply can’t allow guard bands
to accommodate drifting frequencies. Stable signals are an absolute
necessity in single side band transmissions where a frequency shift
of only 200 cycles can result in loss of intelligibility.

Solving this rather complex problem involves a system using a
digital computer, ionospheric sounder, and a Fluke/Montronics
frequency synthesizer. The sounder tells the computer what chan-
nels have good propagation characteristics, ie., how much dis-
tortion is present, the number of multipaths, and the amount
of interference. The sounder in turn is programmed by a Fluke/
Montronics frequency synthesizer which switches frequencies in
steps as small as 1 Hz. Once the sounder has told the computer
which channels are optimum, the computer uses another Fluke/
Montronics frequency synthesizer to quickly program the receiver
for channel availability, (ie., is the channel in use). Now, the com-
puter acknowledges message priority, tells the frequency synthe-
sizer to automatically switch the transmitter and the receiver to
the chosen frequency, and transmit the message. If a new channel
is needed for any reason, the Fluke/Montronics synthesizer switches
both the transmitter and receiver in less than one millisecond.

Fluke/Montronics frequency synthesizers, a key element in the
achievement of high speed adaptive communications, are only part
of the Montronics product family designed to generate, measure,
and distribute precise frequencies in the

laboratory or communications system. FLU K E

For full information, please address
Robert Mawson, Montronics, Inc., Box
7428, Seattle, Washington. 98133. MonTRONICS, INC.
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Iranian sociologist. He predicted that
the trend of migration to the U.S.
would increase because American uni-
versities are not producing enough
highly trained graduates to meet the
demand. Naraghi suggested an inter-
national effort to regulate supply and
demand, at least to the extent that some
kind of compensation—perhaps in the
form of scholarships—would be provided
by the nations receiving scientists and
engineers to the nations losing these
specialists.

Soft Touch

Six hundred miles from the site where

the Russian spacecraft Luna 9
made the first controlled landing on the
moon in February the U.S. spacecraft
Surveyor 1 touched down in the Sea of
Storms and began sending back thou-
sands of pictures. In spite of the prox-
imity of the two landing sites, they pre-
sent a markedly different appearance.
The pictures from Luna 9 show a por-
ous surface strewn with rubble and
pocked with small craters. The pictures
from Surveyor 1 show an area having
the appearance of a “freshly turned
field” with rocks and pebbles protrud-
ing through a thin layer of dust. The
landing pads of the spacecraft made
circular footprints about an inch deep
and threw out miniature “rays” re-
sembling those that might have been

produced by a small meteorite. All the
evidence indicated that the surface can
easily support astronauts as well as
spacecraft.

The odds against Surveyor I's land-
ing safely on the moon and sending
back pictures had seemed extremely
high. It was anticipated that there
would be several failures. The Surveyor
program had fallen three years behind
schedule and had cost $800 million, 10
times more than the original estimate.
Never before, however, had so many
untried techniques and mechanisms
worked so well the first time. The
hydrogen-fueled Centaur rocket engine
that had powered the second stage of
the launching vehicle had not previous-
ly been used in an operational mission.
The mid-course correction system em-
ployed not one but three small rockets,
which had to fire in unison and shut
down at the same instant. Finally, the
entire technique of achieving a “soft”
landing on the moon (with three small
vernier engines controlled by radar and
a computer aboard the spacecraft) was
untried. The 620-pound craft had been
built by the Hughes Aircraft Company,
which had also designed its 22-pound
television-camera unit. The Surveyor
program was directed by the Jet Pro-
pulsion Laboratory, which is operated
for the National Aeronautics and Space
Agency by the California Institute of
Technology.

MOON ROCK, photographed from Surveyor 1, is about six inches high. This view was
made by the spacecraft’s narrow-angle camera, which is about 12 feet away from the rock.
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A few weeks before Surveyor I’s
successful flight President Johnson had
proposed that the United Nations adopt
a treaty banning the use of the moon
and neighboring planets for military
purposes. While the spacecraft was in
flight the U.S.S.R. asked the UN to
sponsor a similar treaty. The two pro-
posals would extend to outer space the
neutralization agreement signed by the
U.S. and the U.S.S.R. in 1959, which
forbids the use of Antarctica for military
purposes.

Reading the Genetic Map

he goal of relating specific mutations

in a gene to specific changes in the
protein controlled by that gene has been
attained. The work has also established
how the “reading direction” of coding
units in the gene is related to the direc-
tion of synthesis of the protein molecule.
This dual achievement is reported in
Nature by J. R. Guest of the University
of Sheffield and Charles Yanofsky of
Stanford University.

The two workers studied how muta-
tions in a particular gene of the bacte-
rium Escherichia coli—the “A gene’—
gave rise to changes in the related “A
protein”: the enzyme tryptophan syn-
thetase. The changes in the gene were
identified by methods so sensitive that
they could tell when a “recombination”
had occurred between a single codon,
or coding unit, in a gene of one bacte-
rium and a codon in a gene of another
bacterium with which it was crossed.
A codon consists of a sequence of three
nucleotides in the genetic material
deoxyribonucleic acid (DNA), each mol-
ecule of which consists of hundreds of
thousands of nucleotides and embraces
many genes. The nucleotides are de-
signated A, C, G and T for adenine, cy-
tosine, guanine and thymine, the sub-
stances that give each nucleotide its
distinctive character.

In one of the recombinations studied
a bacterium that had a GAA codon at
one site was crossed with a bacterium
that had an AGA codon at the same site.
One result of such a cross was a bacteri-
um with a GGA codon, the first G being
supplied by the donor and the GA by
the recipient. Such recombinations take
place only once in 250,000 to a million
Crosses.

The codon sequences were not actu-
ally identified but were inferred from
the changes in the amino acid compo-
sition of the A protein controlled by the
A gene. In manufacturing protein mole-
cules the cell has a choice of 20 dif-
ferent amino acids, each of which is



Son, your father might think that you're
not old enough to understand. But we're

going to try to explain it to you so you

will understand.

Uniroyal is the new international trade-
mark for the U.S. Rubber Company.

(That only sounds complicated. A
trademark is kind of like a nickname for
companies. And an international trade-
mark simply means that no matter where
that company goes in the world, every-
body knows its nickname right away

without asking.)

Why did we need a new trademark?

Because we've outgrown our old one,
“U.S. Rubber,” the way some kids out-
grow their nicknames.

You see, about half the things we make
—such as Royalex® (a modern plastic that’s
tougher than steel) or Keds® (the canvas
sneakers that you wear to play baseball)
or even your father's new Royal® golf
clubs—have very little to do with rubber.
So you can see that the “Rubber” part of
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our nickname doesn’t fit anymore.

As for the “U.S.” part, we make a lot
of our things in 23 different countries all
over the world. So that doesn’t fit either,
does it? k

But our new nickname, Uniroyal, fits
everything we make. No matter where
we make it. .

Isn’t it all clear now? !

Could you explain it L
to your dad tonight? &%

Atta boy.




At the left, the hp spectrum analyzer
is being used to look at the 800 MHz
difference frequency between two
coherent laser beams. The wide

2 GHz spectrum width and large

60 dB dynamic range of the analyzer
make it easy for the scientist to see
the results of any adjustments

in the system.

New tool for quantitative

Radiation patterns of antennas and
antenna systems, below, are
pinpointed accurately with a simple
set-up using the spectrum analyzer.
Such identification is particularly
important in communications in outer
space, though it also has broad
military, public safety and private
communications application.

The oscillogram below shows the

total TV and FM broadcast spectrum
of the San Francisco Bay Area,
demonstrating the radiation “traffic”
density of one frequency range — and
the convenience and precision offered
by the spectrum analyzer.
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analysis of the crowded frequency spectrum

As the electromagnetic spectrum becomes more crowded
with man’s communications, the need for identifying and
analyzing components of the spectrum becomes ever
more urgent. Terrestrial use of the spectrum for public
safety, commercial and private communications is con-
tinually expanding. Military and scientific activities make
further demands on high frequencies for communication
in outer space.

The spectrum analyzer is a tool which provides precise
information about a spectrum by measuring signal ampli-
tude in relation to frequency. And the hp spectrum ana-
lyzer represents the first major advance in the technique
in the past 15 years.

By adding quantitative measurement capabilities and
wide sweep capabilities, the Hewlett-Packard spectrum
analyzer helps make possible more communications in
the limited frequency spectrum without mutual interfer-
ence. It further implements new advances in circuit and
component design through instantaneous and accurate
analysis of radiation.

Because it provides accurate quantitative information, the
hp analyzer is a basic measuring tool. It is both versatile
and easy to use, and offers unparalleled performance at a
reasonable cost.

The instrument’s new capabilities were made possible by
hp-developed solid-state components, hp cathode-ray
tube technology, advanced circuitry techniques, human-
engineered design and precision manufacturing methods.
These new capabilities include wide frequency sweep,
high frequency stability for narrow-band analysis, wide
dynamic range, high sensitivity, extraordinary resolution,

HEWLETT

h

accurate measurement display and extreme simplicity of
operation. A wide choice of accessories increases the ver-
satility of the analyzer.

The fully calibrated Hewlett-Packard 851B/8551B Spec-
trum Analyzer responds to signals from 10 MHz to 40
GHz, thus covering virtually all the electromagnetic spec-
trum now used. It is capable of sweeping over frequency
ranges as wide as 2000 MHz, so signals in a wide range
can be viewed at one time. Conversely, it will sweep bands
as narrow as 100 kHz (narrower, using vernier) for de-
tailed examination. Display circuits permit simultaneous
display of signals having a wide 60 dB amplitude range.
Precision is enhanced by the analyzer’s substantial free-
dom from spurious and residual responses.

Compatibility among increasing numbers of communi-
cations channels, making them free from interference,
is broadly aided by this instrument. The analyzer has
opened whole new areas of technological advances
through new applications, as described in a series of Hew-
lett-Packard publications. It is another reason for looking
to Hewlett-Packard for today’s most advanced, yet prac-
tical measuring instrumentation. Further information on
the instrument and on spectrum analyzer techniques may
be obtained by writing Hewlett-Packard, Palo Alto, Cali-
fornia 94304, Tel. (415) 326-7000; Europe: 54 Route
des Acacias, Geneva.

The spectrum analyzer is the product of a continuing program of
research and development at Hewlett-Packard, aimed at making
true contributions to the science of measurement. To assist in this
work, hp is continually interested in ambitious scientists and en-
gineers who desire a stable future and a stimulating opportunity
for creative endeavor.

 PACKARD

An extra measure of quality

53

© 1966 SCIENTIFIC AMERICAN, INC



specified by a particular codon. The A
protein consists of 280 amino acid units.
Guest and Yanofsky found that the
amino acid glycine occurs at two nearby
sites in the protein chain, and that these
sites could be related to mutations in the
cell's DNA. On the basis of recombina-
tion experiments they concluded that
the first glycine was specified by GGA
and the second by GGT (or GGC). A
single mutation could evidently change
GGA to AGA, with the result that gly-
cine was replaced by arginine in the A
protein. If GGA mutated to GAA, the
glycine was replaced by glutamic acid.
Similarly, GGT (or GGC), the codon
for the second glycine, could mutate to
GAT (or GAC), yielding aspartic acid,
or to TGT (or TGC), yielding cysteine.
Since the two glycine units could be
related to the genetic map according
to how they had mutated, Guest and
Yanofsky were able to clarify a funda-
mental and much-disputed question con-
cerning the way. in which genetic infor-
mation is transmitted: How are the
codons oriented with respect to the
direction in which protein chains are
synthesized? They established that in
terms of the conventional genetic map
the codons for glycine appear left to
right as GGA and GGT (or GGC). In
terms of chemical structure the G is
nearer the end of the DNA molecule in
which a terminal phosphate unit is at-
tached to the “5-prime” carbon of the
sugar deoxyribose, and the third letter
of the codon (A, T or C) is nearer the
end in which a hydroxyl (OH) unit
is attached to the “3-prime” carbon of
the sugar. In the “messenger” ribonu-
cleic acid (mRNA) that transcribes
the genetic information from DNA and
carries it to the site of protein synthesis,
the codon lies in the same 5-prime-to-3-
prime orientation. Finally, the 5-prime-
to-3-prime orientation establishes the
“reading direction” of the genetic map:
the sequence in which amino acids are
incorporated into a protein chain.

Quasar Clues

The discovery of absorption lines in

the spectra of several quasi-stellar
radio sources (quasars) may provide val-
uable clues to the internal structure of
these mysterious celestial bodies. Until
recently only emission lines had been
detected in spectrograms of quasars.
The absorption-line data obtained so
far suggest that at least some quasars
have extended atmospheres somewhat
similar to the atmospheres of stars.

In a recent letter to The Astrophysical
Journal E. Margaret Burbidge and

54

Geoftrey R. Burbidge of the University
of California at San Diego and C. R.
Lynds of the Kitt Peak National Ob-
servatory report the results of their anal-
ysis of spectrograms of the quasar 3C
191. The spectrograms were obtained
with the 84-inch telescope at Kitt Peak
and the 120-inch telescope at the Lick
Observatory. A very strong absorption
line was identified at a wavelength of
4,566 angstrom units superposed on a
very broad emission line slightly to the
short-wavelength, or blue, side of the
center of the emission line. Three other
absorption lines were observed on the
short-wavelength side of a very strong
emission line at 3,597 angstroms, and
several other absorption lines with no
associated emission lines were also ob-
served.

The strong emission lines at 4,577
and 3,597 angstroms were identified, on
the basis of the ratio of their wave-
lengths, as resulting respectively from
radiation from quadruply ionized car-
bon atoms and Lyman-alpha radiation
from hydrogen atoms. The absorption
line at 4,566 angstroms and one of three
absorption lines near 3,597 angstroms
appear to be associated with the same
elements. From an analysis of the Dop-
pler shifts of these absorption lines with
respect to the corresponding emission
lines Lynds and the Burbidges estimate
that the absorbing material must be
moving toward the observer at 600 ki-
lometers per second with respect to the
emitting material. This comparatively
small relative velocity is taken as con-
clusive evidence that the absorption
lines are produced in a region associated
with the quasar and not in intergalactic
material between the quasar and the
solar system.

Lynds and the Burbidges point out
that the appearance of fairly narrow
absorption lines in some cases super-
posed on broad emission lines and in
other cases occurring by themselves is
reminiscent of the spectra of B-emission
stars and shell stars, both of which are
characterized by extended atmospheres.

Two other letters in the same issue of
The Astrophysical Journal report sim-
ilar absorption features in the spectra
of other quasars. In one letter Maarten
Schmidt of the Mount Wilson and Palo-
mar Observatories and the California
Institute of Technology reports the ob-
servation of a strong absorption line on
the short-wavelength side of a quad-
ruply ionized carbon emission line at
3,870 angstroms in a spectrogram of the
quasar 3C 270.1. Schmidt has also ob-
served a strong absorption line, about
30 angstroms wide, in the spectrum of
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the quasar 11164-12. A different absorp-
tion line in the spectrum of 1116412 is
reported in another letter by Lynds and
A. N. Stockton of the University of
Arizona. Analyses of these and possible
other absorption lines are under way.

Bacterial Signatures

A technique for identifying bacteria

through gas chromatography has
been developed by workers at the
General Electric Electronics Laboratory
and at Cornell University. They have
found that the pattern of metabolic
products of difterent bacteria is dis-
tinctive enough to serve as an identify-
ing signature of each organism. So far
they have obtained such signatures for
32 difterent species and strains of bac-
teria.

In gas chromatography a small sam-
ple of the substance to be analyzed is
driven by an inert gas through a column
that allows different molecules to pass
at different speeds. The arrival of each
component at the end of the column is
sensed by a detector and registers as a
peak on a chromatogram. Calibration
with known materials makes it possible
to identify each component on the basis
of its time of passage, and the height of
each peak indicates the relative quan-
tity of a component in the substance
being tested. Martin Alexander of the
Cornell College of Agriculture and John
R. Gould of General Electric suggested
that bacterial metabolic products might
be subject to analysis in this manner.
Together with Robert T. O’Brien of
General Electric and Yigal Henis of
Hebrew University in Israel, they cen-
trifuged bacterial cultures and extracted
the volatile metabolic products for pas-
sage through a chromatograph.

The distinctive signature of each bac-
terium consists simply of a list of up to
13 metabolic products—acetic acid and
lactic acid, for example—in order of de-
creasing quantity; the distinctiveness is
based on the presence or absence of the
various products and on variations in
their relative quantity. The method is
extremely sensitive, according to Gould,
detecting smaller quantities of orga-
nisms than conventional procedures can
and distinguishing among closely re-
lated types. So far the system has been
applied only to pure strains; it will next
be tested on mixed cultures. The hope
is eventually to make chromatography
a tool for detecting specific bacteria or
for identifying a number of bacteria—in
a clinical situation, perhaps, or in space
research. That will presumably require
advanced methods of pattern analysis.
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but just about any other place where moisture
control is essential. i

1. Omniforms adsorb approximately 22%o of their own weight.

2. Omniforms retain their drying capacity above 200°F.

Omniforms are manufactured from synthetic
zeolites, adsorb water (1) over an extremely wide _
temperature range (2); they’re tough and can be |

3. Omniforms come in any size or shape (disc, oval, ring, etc.)
required by our customers.

shaped to your specifications (3), with tolerances of

+0.005. Also note these “fringe benefits”... Omni- _ BRISTRONICS
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down on component damage.

. . L Gentlemen:
If all this sounds electronic, well so it is.

Omniforms fit just fine in semiconductors, instru- D Here’s my problem. Can you help?
ment dials, missiles, etc. And yet, they may well
help you with a lot of other damp problems. Dry —_———————————————————
and see!
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POULTRY PRODUCTION

The per capita consumption of poultry in the U.S. has more than

doubled during the past 30 years. To meet the demand, automatic

factories today convert tons of feed into tons of meat and eggs

he term “chicken feed” used to be
I a synonym for insignificance. Bio-
logically and agriculturally the
domestic fow] were not a major factor
in American life. Over the past 30 years,
however, their status has changed re-
markably. Today the production of
poultry is no longer a trivial or small-
scale business. A few figures will illus-
trate the dimensions of the change. In
1935 the annual consumption of poultry
in the U.S. amounted to 13.1 pounds of
chicken and 1.5 pounds of turkey per
capita; in 1965 the consumption per
person had risen to 33.3 pounds of
chicken and 7.4 pounds of turkey.
Thirty years ago comparatively few
commercial egg farmers kept more than
2,500 hens; nowadays ranches consist-
ing of 30,000 laying hens are not un-
common, and the average annual pro-
duction of eggs has been increased from
121 per hen in 1930 to 217 per hen
today.

Paradoxically, although the poultry
industry has grown greatly in size, it has
almost disappeared from sight on the
American scene. A generation ago nine
out of 10 farms in the U.S. kept chick-
ens or other poultry; today in much of
the countryside the chicken yard is
becoming a rarity. Poultry production
is now conducted mainly in establish-
ments that are best described as fac-
tories. A technological revolution has
transformed this field of agriculture,
and in so doing it has raised poultry to
a position of new importance in man’s
economy.

Origins of Poultry Production

The cultivation of poultry as a food
source is actually a rather recent de-
velopment. Chickens were domesticat-
ed early in man’s history (witness the
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by Wilbor O. Wilson

cock’s crow mentioned in the Bible and
the painting of a cock on a potsherd
found in the Egyptian tomb of Tut-
ankhamen), but it appears that these
animals at first were used primarily for
the sport of cockfighting. Until the 20th
century the chicken was prized more as
a showpiece than as an item for the
table. Beautiful breeds of chickens were
raised for exhibition, and more than 200
varieties of them, bearing names such as
the Golden Laced Wyandotte and the
Speckled Sussex, were measured by a

“Standard of Perfection” in appearance
that was established by the American
Poultry Association in 1874. It was
not until about 1910 that the raising of
hens for egg-laying became a more im-
portant enterprise in the U.S. than the
breeding of fancy poultry for exhibition.

Nonetheless, the domestic fowl have
historically contributed to man’s ma-
terial welfare and his culture in a mul-
titude of ways. The Declaration of In-
dependence was written with a quill
pen made from a goose feather. Painters
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MODERN EGG FACTORY automatically handles the nutrient demands and the egg output
of large numbers of virtually immobilized laying hens. Feed reaches the birds on a moving
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since early times have used egg yolk
as a durable vehicle for pigments. In
California today geese are employed to
weed the cotton fields: they eat the
grassy weeds and leave the cotton
plants alone. Another useful fowl, de-
veloped in our laboratory at the Uni-
versity of California at Davis, is the
Japanese quail: requiring very little
cage space and laying more than 300
eggs a year, this bird has proved to be
an excellent subject for the testing of
antifertility drugs.

Our debt to the chicken in science
and medicine is profound. It was the
ill effects of a diet of polished rice on
a flock of chickens, first investigated by
the Dutch physician Christiaan Eijkman
in 1896, that led to the discovery of
vitamins and their dietary importance.
The chicken was one of the chief early
instruments for studies of the sex hor-
mones, because of its conspicuous man-
ifestations of their effects, particularly
on the cock’s comb. Louis Pasteur’s de-
velopment of the first vaccine for a bac-
terial disease (anthrax of cattle) origi-
nated from his investigation of fowl
cholera. Later the chick embryo—that
is, the fertilized chick egg—was found
to be an ideal medium for culturing mi-
croorganisms, including viruses, and this

_J L|

led to the conquest of many infectious
diseases. Today a stubborn disease of
poultry—fowl leukosis—serves as one of
the most useful experimental tools in
the investigation of cancer.

Modern Poultry Production

This article is concerned with the
production of poultry as food. In the
U.S. this essentially means the produc-
tion of chickens and turkeys. Other
birds—guinea fowl, ducks, geese, swans,
pigeons, peafowl and quail—are impor-
tant contributors to the food supply
elsewhere in the world and may become
so in the U.S. in the future, but they
are not a large factor here at the present
time. The chicken, of course, is uni-
versal. The turkey is indigenous to
America and was raised by the Indians
long before the Europeans arrived; ac-
cording to the archaeological evidence,
Indians in New Mexico domesticated
the bird thousands of years ago.

Until recent years the practicable size
of poultry flocks was rigorously limited
by technical difficulties. Diseases and
other factors that attacked the birds un-
der crowded conditions made it impos-
sible to handle and sustain large flocks
economically. Elaborate forms of man-

agement were tried but all failed. In
the 1930’s, however, intensive research
promoted by the Poultry Science Asso-
ciation and carried out by investigators
at agricultural experiment stations in
the U.S. began to yield solutions to
the problems. The advances fall under
four headings: improved breeding, im-
proved feeding, control of disease
and improved management, including
mechanization.

The breeding of chickens has gone
through an evolution of drastic change
in objectives. Originally and up to fair-
ly recent times the breeders selected
chickens primarily for their fighting
ability. Then, in the exhibition era, the
animals were bred for fancy feathers,
combs, colors and shapes. Today the
breeders’ objectives are utilitarian and
twofold: maximum meat production and
maximum egg production.

As it happens, these goals are difficult
to attain in one bird. Large birds tend
to have low egg production, and good
egg-layers tend to be small—about half
the size of the meat breeds. Chickens
such as the Plymouth Rock, the Wyan-
dotte and the Rhode Island Red were
developed in the latter half of the 19th
century as a compromise. Produced by
crossbreeding between the two types,

COLLECTION AREA
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belt and water in a trough. The cage bottoms slope so that, as soon
as a hen lays an egg, it rolls away to a moving belt and is carried

to a
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collection area. A single factory building may house more
than 50,000 hens, which produce an average 3,000 dozen eggs a day.
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they are of fairly good size and give
fairly good egg production. In the pres-
ent system of poultry production, how-
ever, specialization is the rule. Poultry
farmers raise their birds either for meat
or for egg production, and they select
their breeds for high performance in one
or the other.

The pioneer of modern fowl breeding
was the British biologist William Bate-
son, who even before Gregor Mendel’s
genetic experiments with plants were
generally known had discovered the
same basic principles of inheritance in
experiments with chickens. These prin-
ciples, involving the action of single
genes, apply with particular fidelity to
feather color and comb type. Rate of
growth—the ability to gain weight
rapidly in the first few weeks of life—
is under the control of a number of
genes that act additively. This too is a
highly heritable characteristic.

One instance of selection concerns the
work of British breeders. They de-
veloped a tightly feathered, well-mus-
cled chicken called the Cornish. It laid
few eggs and had low fertility, and for
many years it was used only for exhi-
bition. The Cornish, however, eventual-
ly was found to be an excellent stock
for meat birds, and most of the modern
strains of fryers or broilers are descend-
ed from that stock on one side of the
family tree.

Breeding for egg production turned
out to be more difficult. This capacity
seems to be less accurately controlled by
a bird’s genes than body weight or
feather color is. Moreover, egg produc-
tion is greatly influenced by diet and by
environmental circumstances, making it
difficult to assess the fowls inherent
laying capacity. Finally, an egg farmer
is interested not only in the number of
eggs a hen produces but also in the size,
color and quality of the eggs, and these
properties are not under a single genetic
control. Scientific testing in recent years
has shown, however, that heredity is an
important factor in the improvement of
laying breeds. Different strains of hens,
reared under basically the same con-
ditions, have been found to vary in pro-
duction by as many as 45 eggs a year.

A bird, unlike a plant, is not altogeth-
er at the mercy of its environment. It
maintains its own internal stability
(homeostasis) and thus can tolerate con-
siderable variation in the weather. Fur-
thermore, in poultry husbandry today
conditions such as temperature and
light are carefully controlled; diet can
be accurately suited to the bird; re-
sistance to disease can be supplied by
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POULTRY STRAINS that lead in popularity today often have some distant European and
Asiatic ancestors in common, but they are fundamentally the product of selective breeding
programs in which many new varieties and strains have been developed during the past 20
years. A strain-cross involving two strains of the single-comb White Leghorn variety (a)
yields a superior producer of white eggs. A variety-cross of the Rhode Island Red with the

vaccination. All of this helps to simplify
the breeding of chickens and turkeys
for productive capacity; the breeder
does not need to be so concerned, as in
plant-crop breeding, with genetic adap-
tation to local climates or specific dis-
eases. Indeed, today’s breeders have
developed birds that are raised the
world around.

Since 1932 the Poultry Husbandry
Department of the University of Cali-
fornia at Berkeley has been breeding a
population of hens for improvement in
egg production. The feeding, housing
and management of the birds have been
kept more or less uniform; no outside
genetic material has been introduced
since 1941, and the only important vari-
able has been the progressive selection
of the best layers in the flock for repro-
duction. The experiment has produced
a steady rise in the annual production
of eggs per hen [see bottom illustration
on page 64], even though inbreeding,
such as this flock has experienced, usu-
ally reduces egg-laying capacity. Hybrid-
ization by the crossing of inbred strains
could have increased the gain, and the
use of hybrid chickens is now common
practice in commercial husbandry.

Of the nearly 200 varieties of chick-
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ens that used to be raised in the U.S,,
only four or five are commercially im-
portant today. The meat breeds, as I
have mentioned, can all trace their an-
cestry in part to the Cornish breed.
Practically all the important egg-laying
strains are derived from the Leghorn
breed. The popular present strains of
turkeys (featuring white feathers and a
plump breast) can also be traced back
to a single superior stock: a breed called
the Broad-Breasted Bronze that was
developed in England and introduced
in the U.S. in the 1930’s.

Chicken Feed

Turning now to the feeding of poul-
try, we must observe that the modern
fowl thrives on a diet almost totally
foreign to any food it ever found in
nature. Its feed is a product of the
laboratory. The nutrition of the chicken
has been investigated more thoroughly
than that of most other animals, includ-
ing man. It was by experiments on
chickens that investigators determined
the needs of animals for vitamin D (the
sunshine, or cod-liver-oil, vitamin), the
antihemorrhagic vitamin K, the vitamin-
B complex, vitamin G (riboflavin) and



Barred Plymouth Rock (b) yields chicks with a sex-linked gene af-
fecting feather color. The cockerels are readily culled 24 hours
after hatching ; the hens are superior producers of brown eggs. The
meat fowl are larger than egg fowl and often have Cornish blood in
their ancestry. One such rooster (¢) and a White Plymouth Rock

various essential minerals. Fowl are
primarily grain eaters, but research has
established that they cannot live by
grain alone. Their requirements of pro-
tein, minerals, vitamins and energy-
suppliers have been established in much
detail, and ways have been found to
enhance the efficiency of their diet by
artificial supplements such as antibi-
otics. Since cost is a prime factor in suc-
cessful poultry husbandry, the comput-
er has been enlisted to calculate the
correct proportions of various available
ingredients that differ in price in order
to achieve a ration of fixed dietary value
at minimum expense.

The barnyard fowl used to live on
scraps from the farmer’s table and what
insects and grain it could find in the
field. Later it was promoted to a stan-
dard feed consisting of a mixture of four
grains and meat and bone scraps, sup-
plemented with milk and greens. In the
present poultry factories the ration is
one omnibus mixture containing all the
necessary ingredients, presented in the
form of a mash or in pellets. The ration
varies, of course, with the bird: a grow-
ing pullet, for example, needs more
vitamins and protein than a mature,

laying hen does.

The efficiency of a fowl’s conversion
of feed into meat or eggs, under favor-
able conditions, is impressive. In a 1964
egg-laying test in California the average
production of the hens entered was bet-
ter than a pound of eggs for each three
pounds of feed consumed by the bird.
Young fryers marketed at the age of
eight weeks weigh about four pounds
and generally yield about a pound of
body weight for each two pounds of
feed they have eaten. The turkey does
even better: up to the age of six weeks
it converts each pound of food into
nearly a pound of tissue. From the sixth
to the 26th week turkeys gain weight at
the rate of more than a pound a week.
As chickens and turkeys grow larger
and older, the efficiency of their con-
version of feed into meat declines.

Along with the advances in nutrition,
considerable progress has been made in
the control of poultry diseases. By im-
proved sanitary practices, the use of
medicated feeds and vaccination poul-
trymen in the U.S. have eradicated fowl
plague and greatly reduced the toll
from formerly catastrophic diseases such
as coccidiosis, pullorum disease, bron-
chitis, laryngotracheitis, Newcastle dis-
ease (a viral invasion of the nervous
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hen, when crossed, yield a hen whose offspring are prime broiler
fowl. Because dark pinfeathers are objectionable, the Broad-
Breasted Bronze turkey (d) is not often raised for market. Instead
the Bronzes have been bred with white-feathered turkeys, such as
the White Holland, to produce birds with the best features of both.

system), fowl pox, fowl cholera and
fowl typhoid. In spite of these gains,
however, the overall disease mortality
among chickens has been reduced only
moderately: from about 20 percent 25
years ago to 15 percent today. The
chief reason for the persisting high rate
is leukosis, the cancer-like disease of the
blood. In chickens and turkeys, as in
man, this leukemic disorder still frus-
trates the search for prevention or cure.

Mechanization

Undoubtedly the most striking
change that has taken place in the
poultry industry is in the scale of its
operations and the standardization, or
mechanization, of nearly all its proc-
esses. Once the hen has delivered its
offspring in the form of eggs, the hatch-
ing and rearing of the young can be
taken over entirely by artificial devices.
In present practice the procedure is so
highly mechanized that from the hatch-
ing of the egg to the delivery of the
final product in the supermarket (a
dozen boxed eggs or a neatly packaged
fryer) almost no human handling is
involved.

There are highly efficient poultry fac-
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h battery form two “stairsteps” back to back. Each cage

contains two or three hens. Suspension from above facilitates me-

cages 1n eac.
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TWO-TIERED BATTERIES are suspended from the roof of the

egg-product
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chanical cleaning; a 20,000-bird flock pro-
duces more than a ton of droppings a day.

tories today that integrate all the opera-
tions under one management: hatching,
production of feed, rearing both egg-
layers and meat chickens and market-
ing the products. For the most part,
however, poultrymen still obtain their
raw materials from special processors:
chicks from hatcheries and feed from
dealers in that commodity. The feed is
delivered not in the cotton sacks that
once provided material for the farmer’s
wife’s dresses but by the ton in bulk. In
the egg-producing branch of the indus-
try there are specialists who rear the
chicks through the pullet stage and then
deliver them to the egg rancher. The
pullet rancher receives only female
chicks; the crowing of the chanticleer is
never heard on his ranch. The supply-
ing hatchery determines the sex of its
chicks when they are a day old. The
supplier then kills the males and ships
the females.

The term “ranch” in this industry is
now in a sense a misnomer, as the
“ranches” consist of roofed buildings. In
the comparatively mild climate of Cali-
fornia these are generally open to the
air. Many modern poultry houses, how-
ever, are entirely enclosed (some even
have no windows) so that the light,
temperature, humidity and ventilation
can be controlled with precision. It has
been found that the control of light dur-
ing the rearing of pullets can increase
their later egg production as laying hens
and even influence the size of their
eggs; it can also improve the growth of
meat chickens and turkeys and reduce
cannibalism and other vices of poultry.
Control of temperature and humidity is
also important, particularly during the
early weeks of growth. After the first
few weeks of brooding, during which
the young fowl must be kept warm,
the control is designed to maintain a
cool, even temperature: poultry produce
best at a temperature between 50 and
70 degrees Fahrenheit.

The chicken’s or turkey’s home today
is generally a small cage, whose dimen-
sions have been reduced as mecha-
nization has proceeded. The laying hen
used to be allowed an individual cage
about 16 inches high, 12 inches wide
and 18 inches deep—affording a total
floor space of 1.5 square feet. Many
poultrymen now keep three hens in a
cage of this size, and it has been found
feasible to maintain two hens in a cage
only eight inches wide. The feeding
of caged poultry has been thoroughly
mechanized. Commonly the feed is
sluiced mechanically into a trough out-
side the wire front of the cage, and the
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food delivery is regulated by a time
clock. Other systems employ an elec-
trically driven feed hopper or a large
hopper in which the birds receive bulk
rations that last for several days.
“Chicken feed” today is measured in
tons: for a flock of 60,000 hens, al-
though each bird eats only about a
quarter of a pound a day, the daily
ration amounts to seven and a half tons.

The cleaning of the poultry house,
the most unpleasant chore of the old-
fashioned chicken farm, is now handled
by skip-loading tractors or small pow-
ered cleaners of various types. The
gathering of eggs, formerly the most
pleasant aspect of keeping chickens,
also is now fully mechanized. The hen’s
cage or nest is usually designed with a
sloping floor so that the egg rolls gently
out of the cage as soon as it is laid. (As
far as can be determined, the disap-
pearance of the egg does not make the
hen neurotic.) A moving belt catches
and carries off the eggs to a collection
area, where they are picked up and
packed by pneumatic “fingers.” Before
they are packed they are washed, dried
and sometimes sprayed lightly with oil
to protect them against evaporation and
loss in quality on the way to the con-
sumer.

The Turkey

Turkeys are raised by mass-produc-
tion methods similar to those used for
chickens destined for the meat market.
In the turkey’s case, however, the breed-
ing of the birds for large size has mark-
edly reduced their fertility. Consequent-
ly a large proportion of the turkeys
produced today (about 90 percent of
those in California) are bred by artificial
insemination.

The composite result of the improve-
ments in poultry-raising technology is a
spectacular increase in the birds’ health
and productivity. Turkeys are marketed
at 18 weeks (for females) or 22 weeks
(for males) instead of at 30 to 35 weeks,
and the amount of feed required to raise
them to market weight has been nearly
halved.

Similar improvements have been
achieved with chickens. Twenty years
ago it took 14 weeks and 12 pounds of
feed to produce a three-pound fryer
chicken; today it takes only six to seven
weeks and five or six pounds of feed.
Hens in well-run egg factories now pro-
duce considerably more than 240 eggs a
year (the minimum required for com-
mercial success in a modern establish-
ment).

6l



The mechanization of the industry
naturally has reduced drastically the
amount of human labor required.
Studies by the University of California
Agricultural Extension Service over the
years show that, whereas in 1935 the
labor requirement on a commercial egg
farm averaged two man-hours per hen
per year, in 1964 it averaged only three-
tenths of a man-hour per year. The
present price of eggs (and of chicken
and turkey) of course reflects the im-

KN 00 ‘;.:'- ) provements in production and the sav-

2 ing v - : ings in labor. The real price of eggs, al-
— = ; . . . .
-« Y ; () #88 1 lowing for the depreciated dollar, is

lower today than it was before World
War II, and the price of poultry meat is
considerably lower. The year-round
availability of eggs and poultry has also
been improved. The laying season, for-
merly concentrated in the months of
February, March, April and May, has
been extended over the entire year, and
it is now uncommon to find cold-storage
eggs in the market. Freshly killed tur-
keys, once marketed only at Thanksgiv-
ing and Christmas, are now available
throughout the year. The same is true
of fryer chickens, which used to be
known as “spring” chickens.

WASHING EGGS is one of the final steps en route to market. After leaving the washing
machine eggs often receive light coating of oil to reduce evaporation before consumption.

Economics

The new poultry technology has radi-
cally altered both the economics of the
industry and the position its products
occupy in the American diet. It has
made poultry production a large-scale
business and yet in a sense a shrinking
enterprise from the standpoint of the
number of people engaged in it. As in
other branches of agriculture, the pres-
sures of price competition and advanc-
ing technology in the poultry industry
Compel an ever increasing enlargement
of the unit of production. The small
poultry farm cannot compete in effi-
ciency with a modern mechanized
ranch. Moreover, this field of agricul-
ture receives no governmental protec-
tion in the form of price supports or
production quotas. The result has been
a rapid decimation of the number of
poultry farmers. Even the specialized
units, while growing in size, have been
reduced in number. The number of
chick hatcheries in California, for ex-
ample, decreased from 371 in 1947 to

81 in 1964, and the number of hatch-
eries for turkeys from 142 to 74—this in
spite of the great increase in consump-
tion of poultry during that period. Of
course, the shrinkage in the number of

CANDLING MACHINE moves 30 dozen eggs a minute past two inspectors who keep watch producing units has been more than

not only for eggs that are not clean or have cracked shells but also for any internal defects. made up for by the expansion of the size
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AUTOMATIC FEEDING of turkeys is accomplished by a weekly filling of hoppers that
hold 500 pounds of feed at the Ephrata Turkey Farm in Ephrata, Pa. Up to the age of six
weeks turkeys eat only a little more than a pound of feed for each pound that they gain.
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YEAR

NUMBER OF EGGS produced in a year by the average hen in the U.S. has risen more than
40 percent in the past 25 years (black curve). Although part of the gain is due to improved
feeding and shelter, selective breeding has been the predominant factor. One example is the
15 percent increase within a genetically closed flock at the University of California at Berke-
ley (colored curve); each generation’s best layers mothered the next generation. The large
production dip in 1949 reflects an outbreak of Newcastle disease during that year. The chart
is based on the work of Hans Abplanalp and I. M. Lerner of the University of California.
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of the surviving establishments. The
poultry industry today requires large
capital, high technical skill, business
acumen and fewer and fewer workers.

The new role of poultry in the U.S.
diet represents no less pronounced a
change than the position of poultry in
agriculture. Turkey or chicken was once
a special item reserved for Sunday din-
ner or holiday feasts; today it is an
everyday staple. Poultry has become
competitive in price with red meat and
fish and is offered in inviting new forms.
The aged, noble hen that used to require
several hours of boiling to be made
edible has been relegated to canned dog
food and is replaced in the market by
young fryers or broilers or by the chick-
en “TV dinner” and turkey roll that
need only warming up. Chickens and
turkeys now come with a stamp of
guaranteed quality; about 85 percent of
the dressed poultry sold in the U.S. is
Government-inspected.

As we have noted, the annual con-
sumption of poultry meat in the U.S.
has more than doubled in the past 30
years—from 14.6 pounds per capita to
40.7 pounds. This is still considerably
less than the 167 pounds of red meat
the average American ate in 1965, but
it seems likely that poultry will continue
to gain a larger share of the meat diet.

Eggs too have been gaining steadily
in favor. An egg contains only about 70
to 75 calories (thereby qualifying as a
friend of the dieter), yet it is a rich
source of vitamins, unsaturated fats,
protein and other essential nutrients.
Indeed, it would be a completely bal-
anced food if one ate the shelll The
shell’s contribution (calcium) can easily
be obtained from a supplement such as
milk or a vegetable. Other aspects that
promise a bright future for the egg as
food are the extreme simplicity with
which it can be prepared (notably as
the boiled breakfast food) and its ver-
satility. The egg’s culinary possibilities,
still only partly explored, cover a wide
range, from the conversion of egg white
into meringue and candies to the use of
the yolk’s emulsifying property to make
mayonnaise or its yellow color to lend
attractiveness to other dishes.

Research, particularly in the land-
grant colleges and universities of the
U.S., has been primarily responsible for
the extraordinary development of the
efficient new poultry technology and its
products as a growing contribution to
the U.S. food supply. It seems fair to
say that continuation of the research
will yield increasing benefits as time
goes on.



Friedrich Wilhelm Bessel Woodcarving by William Ransom
(1784-1846) photographed by Max Yavno

ASTRONOMICAL INSIGHT—“It is to Bessel that we owe the discovery of [the] personal
difference ... his researches on the subject were occasioned by his finding in the Greenwich
observations from 1795 that one of Maskelyne’s assistants, Mr. Kinnebrook, had got into the
habit of observing [star] transits ... later than Maskelyne himself. In 1794 and the beginning of
1795, the observations of the two astronomers had agreed; but in August, 1795, Kinnebrook
began to observe half a second later, which difference, in 1796, rose to 0.8. As it was Maskelyne’s
opinion that his assistant did not [observe] by eye and ear, but some other irregular method of
his own, he dismissed this, in other respects, skilful man. The matter was looked upon in this
way by everybody; no one thought that there had been found a physiological phenomenon
which was perfectly independent of the observer’s will.

“Bessel examined the matter again, and showed...in 1823...that most observers have a
different way of estimating transits.”

'John L. E. Dreyer, Proceedings of the Royal Irish Academy, 1875-1877, v. 11, p. 485.

INTERACTIONS OF DIVERSE DISCIPLINES

A 19th century astronomer’s discovery of a physiological phenomenon became the Per-
sonal Equation used in 20th century psychology. Behavioral psychology is one of
28 professional disciplines which Planning Research Corporation can deploy against
such complex problems of our time as international marketing. Recent international
studies by the Corporation have uncovered new foreign markets, and methodologies
for winning them. The study technique — multidisciplined teams drawn from the Plan-
ning Research reservoir of classical disciplines and the new management sciences — is
one of the most powerful tools that leaders of state or of industry can use. The Cor-
poration’s recent marketing studies, sponsored by the Organization of American States,
now encompass 11 countries in the Americas, Western Europe, and Scandinavia. For
information on the complete Planning Research capability in the field of marketing,
write to Dr. Philip Neff, Vice President for Economics.

PLANNING RESEARCH CORPORATION

Home office: 1100 Glendon Avenue, Los Angeles, California 90024
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The boy has a visual neuromuscular instability.
Prescription: a big dose of television.

~~\
»

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

He must be taught to use binocular vi-
sion. And to help him learn, the ophthal-
mologist may prescribe an unusual
therapy: watching television with the
Polaroid/American Optical TV Trainer.

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

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

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

Now, when light goes through two po-
larizers with identical axes, the polarizers
remain transparent. But when it goes
through two polarizers with axes that
cross, the polarizers are opaque.



POLARIZING
FILTER AND
TELEVISION
SCREEN

LEFT EYE

RIGHT EYE

POLARIZING
SPECTACLES

(The arrows indicate the polarizing axes.)

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

A child learning binocular skills must

© 1966 SCIENTIFIC AMERICAN, INC

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

POLAROID CORPORATION
Cambridge, Mass.

Polaroid ®



Polarized Accelerator Targets

Crystals in which the nuclear particles are all spinning in the same

direction are bombarded with high-energy particles to measure how

much the nuclear forces depend on the spin of the nuclear particles

hysicists have known for nearly 40
Pyears that many elementary par-

ticles of matter are in a state of
constant rotation, or spin. For most of
this period it has been recognized that
the forces that hold the atomic nucleus
together depend in large part on the
direction of spin of the particles that
compose the nucleus (protons and neu-
trons). The spin-dependence of the
nuclear forces has until recently been
inferred from indirect measurements,
because under the usual experimental
conditions the axes of spin of the nuclear
particles are oriented at random. In
such circumstances one measures the
“spin-averaged” nuclear interaction, that
is, the nuclear forces averaged over all
possible orientations of the particles’
spin. Within the past few years workers
at a number of laboratories around the
world have succeeded in producing
large samples of nuclear particles that
are polarized (all spinning in the same
direction). By using such polarized sam-
ples as targets in high-energy particle
accelerators it has become possible to
measure directly the extent to which the
nuclear forces depend on the spin of
the nuclear particles.

t does not mean quite the same thing
to say that an elementary particle
(for example a proton) is spinning as
it does to say that a large object (for
example a top) is spinning. When a top
spins, its parts rotate in circles about
an axis; one can put marks on the top
and observe their motion. Subatomic
particles cannot be treated so simply.
It would be very difficult, for instance,
to ascertain how fast a proton rotates,
or how many revolutions per second
it makes. The property a proton does
possess in common with all other spin-
ning objects is angular momentum. (For
a large rotating object angular momen-

68

by Gilbert Shapiro

tum is equal to the product of the
object’s mass times its velocity times its
radius of rotation.) Like energy and
linear momentum, angular momentum
is believed to be conserved; the total
amount of it in the universe stays the
same forever. Any change in the angular
momentum of any object must always
be accompanied by a corresponding
opposite change in some other object.
It is only by studying such transfers
that one is able to measure the angular
momentum of an elementary particle.

The amount of angular momentum a
proton possesses is the same as that of
an electron, a neutron and several other
particles. This fundamental unit of spin
is equal to Planck’s constant divided by
47, a very small quantity by most stan-
dards. (If a pellet a millimeter in di-
ameter and a milligram in weight had
only this much spin, it would take 300
million years for the pellet to rotate
through an angle of one second of arc!)
A proton can never lose this small
amount of angular momentum. Spin is
one of its basic properties, and it would
not be the same particle any more if it
could stop spinning. The proton can,
however, have its axis of rotation
changed. Since angular momentum is a
vector, or directed, quantity, its direc-
tion is just as important as its magni-
tude. When a proton that is spinning
in a clockwise direction about some axis
changes to spinning counterclockwise
about the same axis, two basic units of
angular momentum are transferred to
the “outside world.” This is the maxi-
mum amount of spin that can be ex-
tracted from the internal motion of a
single proton.

It should be evident from the fore-
going account that if a particle had
spin but for some reason its direction
of spin could never be changed, there
would be no way to detect the spin,
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and it would be meaningless to talk
about it. The fact that a particle pos-
sesses intrinsic angular momentum can
only be established by observing its
spin-dependent interactions with other
particles. The discovery of the spin of
the electron, first proposed by George H.
Uhlenbeck and Samuel A. Goudsmit of
the Netherlands in 1925, was based on
the spin-dependence of the electron’s
electromagnetic interactions. The spin
of the proton has been verified by stud-
ies of the spin-dependence of the nu-
clear forces as well as the electromag-
netic forces.

here is a simple model that accounts

for the spin-dependent forces that
act on the electron. The electron posses-
ses an electric charge. If the electron is
spinning, this charge is in continual
motion. An electric charge in motion
constitutes a current. An electric cur-
rent gives rise to a magnetic field. It
follows that a spinning charged par-
ticle such as the electron will have
electromagnetic properties much like
those of a tiny bar magnet [see top
illustration on page 70].

The strength of such a magnet is
known as its magnetic dipole moment.
A convenient unit for measuring mag-
netic moments is called the Bohr mag-
neton; the electron’s moment is slightly
more than one of these units. Since
many of the elementary particles have
the same amount of angular momentum,
the ones with more mass must be rotat-
ing slower and therefore must generate
weaker electric currents. In general the
greater the mass of a particle, the weak-
er its magnetic properties. The electron,
being the lightest of all the particles
that have an electric charge, has by far
the strongest magnetic moment.

The magnetic interactions of the elec-
tron provide good examples of spin-



dependent forces. One such example is
the “spin-spin” type of interaction. Two
electrons in close proximity exert the
same kind of magnetic forces on each
other as two bar magnets do. If the
electrons happen to be parts of two dif-
ferent neutral atoms, these magnetic
forces may be the dominant interac-
tion between the two atoms. Spin-spin
forces are characterized by a tendency
to realign the two spin axes in such a
way as to make them parallel to each
other and by a capacity for producing
motion at right angles to the line from
one particle to the other. Spin-spin
forces can be either attractive or repul-
sive; they are often both attractive and
repulsive at the same time, depending
on the relative orientations of the two
spins involved.

Another type of spin-dependent elec-
tromagnetic force, called the “spin or-
bit,” or velocity-dependent, force, is
exemplified by a close encounter be-
tween a moving electron and a charged
nucleus, in which the nucleus has either
a very small magnetic moment or none
at all [see bottom illustration on next
page]. From the electron’s point of view
the nucleus is moving. The motion of
a charged particle sets up a magnet-
ic field in which the lines of force
are circles centered on the line of mo-
tion of the particle. The strength of
the magnetic field is, of course, greater
the closer the electron comes to the nu-
cleus.

First consider an electron about to
pass by the nucleus on the left side.
Suppose it is spinning about a vertical
axis so that its magnetic dipole moment
is pointing upward. The effect of the
magnetic field is to tend to reorient the
direction of the magnetic moment, just
as the earth’s magnetic field can re-

orient a compass needle. The preferred
orientation is one in which the magnetic
moment is parallel to (in the same direc-
tion as) the direction of the magnetic
field. The particular electron we are
considering is in the opposite orienta-
tion; its magnetic moment is said to be
antiparallel to the magnetic field. It can
accommodate itself to the magnetic field
either by reversing its direction of spin
so that the magnetic moment points
down instead of up or by moving farther
away from the nucleus, where the field
is weaker—in other words, by moving
farther to the left.

Now consider another electron, also
with its magnetic moment pointing up-
ward, but passing by the nucleus on the
right side. The direction of its magnetic
moment is parallel to the direction of
the field, and as a result the electron
tends to move closer to the nucleus,
where the field is stronger. It is evi-
dent that an electron with its magnetic
moment pointing upward will be de-
flected to the left by the magnetic field,
no matter what side of the nucleus it
passes.

One can repeat the same argument to
show that electrons with their magnetic
moments pointing downward will be
magnetically deflected to the right. It is
much more appealing, however, to use
a symmetry argument here. Having con-
vinced oneself that “spin up” electrons
are deflected to the left, simply turn the
bottom illustration on the next page
upside down to verify that the very
same forces act to deflect “spin down”
electrons to the right.

There are two features of such scat-
tering by spin-orbit forces that should
be remembered. The first is that if the
incident beam is partially polarized—
that is, if there is an excess of spin-up

particles over spin-down particles (or
vice versa)—there will be an asymmetry
in the number of particles scattered by
these forces: more particles will be
scattered to the left than to the right (or
vice versa). The second point is that
even with equal numbers of spin-up and
spin-down incident particles the scat-
tered beam may be partially polarized.
The beam scattered to the left may in-
clude more spin-up than spin-down par-
ticles, whereas the beam scattered to
the right may have the opposite polari-
zation.

The model I have just used to de-
scribe the spin-dependent scattering of
an electron by the magnetic field of a
nucleus is a rather crude one. A cor-
rect treatment of the subject requires
the use of quantum mechanics. This
problem was first considered by the
British theoretical physicist N. F. Mott
in 1929, and the process has come to be
known as Mott scattering. So much for
the electron.

Indirect evidence has been accumulat-

ing since the 1930’s that the forces
between the nuclear particles are also
spin-dependent and that the strength
of these interactions is far too great to
be accounted for by electromagnetic
effects. This evidence comes from four
principal sources:

First, the magnetic moment of the
proton was found in 1932 to be, not
1,836 times smaller than that of the
electron, as one might expect from the
ratio of their masses, but 1/658 Bohr
magneton—nearly three times too large.
This discrepancy can be attributed to a
difference in the internal structures of
the proton and the electron, a difference
that must arise from the nuclear nature
of the proton. No theory can yet account

TARGETS used by the author and his colleagues in their polarized-
proton experiments at the Lawrence Radiation Laboratory of the
University of California at Berkeley are large single crystals of
lanthanum-magnesium double nitrate [La,Mg,(NO,), : 2H,01, in
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which 1 percent of the rare-earth element lanthanum is replaced
by another rare-earth element, neodymium. The hole in the center
of each crystal is not caused by the accelerator beam; it is an
imprint of the small pedestal on which the crystals were grown.
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BAR-MAGNET ANALOGY is helpful in visualizing the electromagnetic properties of a
spinning charged particle. The angular momentum of the particle, which is a vector, or
directed, quantity, is indicated by the large gray arrow. The strength of the field set up by
the particle is known as its magnetic dipole moment. Since many of the elementary particles
have the same amount of angular momentum, the ones with more mass must be rotating
slower and therefore must generate weaker electric currents. The electron, being the lightest
of all the particles that have an electric charge, has by far the strongest magnetic moment.

for the magnetic moment of the proton,
although the magnetic moments of non-
nuclear particles, such as the electron
and the muon, can be calculated cor-
rectly to five or six decimal places.
Second, the neutron, which has no
electric charge, has a magnetic moment
comparable to that of the proton. This
puzzling fact can be accounted for in a
general way by imagining that there is
a distribution of electric charge inside
the neutron such that the negative
charge rotates at a greater distance from
the center than the positive charge does,
while the net charge remains zero.
Again there is no comprehensive theory

that satisfactorily accounts for the neu-
tron’s magnetic moment.

Third, the simplest atomic nucleus—
the binding of a proton and a neutron
to form a deuteron—exists only when
the proton spin and the neutron spin
are aligned parallel to each other. There
is no bound state when the spins are
antiparallel. This suggests the existence
of nuclear spin-spin forces far too strong
to be simply magnetic.

Fourth, in the shell model of nuclear
structure, proposed in the late 1940’
by Maria Goeppert Mayer of the Uni-
versity of Chicago and J. H. D. Jensen
of the University of Heidelberg, a strong

spin-orbit force had to be assumed in
order to obtain the proper spacing for
the shells. Again the strength of the
assumed force ruled out any purely
magnetic explanation.

hen in the early 1950’s a series of ex-

periments performed at the Universi-
ty of Rochester and the Lawrence Radi-
ation Laboratory of the University of
California at Berkeley demonstrated the
existence of spin-orbit forces in the
interactions of protons with various
nuclei. Similar work was reported soon
after at Harvard University and at the
British Atomic Energy Establishment in
Harwell. In a typical experiment a beam
of protons with a kinetic energy of some
300 million electron volts (mev) is ex-
tracted from an accelerator [see illus-
tration on opposite page]. The beam is
allowed to strike a target made of some
substance such as graphite (chosen,
among other reasons, because carbon
nuclei have no spin). Some of the pro-
tons are scattered by colliding with the
target nuclei. Particular attention is paid
to the protons that are scattered at a
certain angle, designated ¢, which is
chosen arbitrarily. The protons scattered
at the angle ¢ to the left are called the
L beam; those scattered to the right at
the same angle are called the R beam.
Particle detectors are placed in the
paths of the L and R beams to verify

SPIN-DEPENDENT ELECTROMAGNETIC FORCE (in this case
a “spin orbit,” or velocity-dependent, force) is exemplified by a
close encounter between a moving electron and an electrically
charged nucleus. From the electron’s point of view the nucleus is
moving and therefore sets up a magnetic field in which the lines of
force are circles centered on the apparent line of motion of the nu-
cleus; the field is stronger closer to the nucleus. When the electron
passes by the nucleus on the left side, its magnetic dipole moment
(which is pointing upward) is antiparallel to, or in the opposite
direction from, the magnetic field, and the electron responds by
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moving farther away from the nucleus, where the strength of the
field is less. When the electron passes by the nucleus on the right
side, its magnetic moment (again pointing upward) is parallel to,
or in the same direction as, the field, and as a result the electron
tends to move closer to the nucleus, where the field is stronger.
Thus an electron with its magnetic moment pointing upward (a

“spin up” electron) will be deflected to the left by the magnetic field

no matter on which side of the nucleus it passes. By simply turn-
ing the illustration upside down it is possible to verify that the
very same forces act to deflect “spin down” electrons to the right.
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that there are an equal number of
particles in both beams. This equality
demonstrates that either the accelerator
beam is unpolarized or there are no
spin-dependent forces operating in the
scattering. I shall now explain why the
second hypothesis must be dropped.

The L beam is conducted many feet
across the experimental area, through
slits, focusing devices, steering magnets
and other equipment (not shown in
the illustration), to a second scattering
target, identical with the first. Once
again the protons scattered at the same
angle ¢ are observed to the left (L)
and the right (R’). This time, however,
there is a definite asymmetry. The
number of protons in the L’ beam con-
sistently exceeds that in the R” beam. As
a check the R beam is allowed to strike
another identical target, and again an
asymmetry is detected in the second-
scattered beams. This time it is the R”
beam that exceeds the L” beam in the
number of particles detected.

The logic of analyzing this experi-
ment is straightforward. The second
scattering of the L and R beams is as
identical with the first scattering as it is
possible to achieve: same target, same
angle, same energy beam. Something
has happened to the protons as a result
of the first scattering that makes them
behave differently at the second scat-
tering. Moreover, the protons carry in-
formation with them; somehow they
“remember” at the time of the second
scattering whether they were left-scat-
tered or right-scattered the first time.
The few feet the protons travel between
scatterings is an enormous distance on
the nuclear scale. Given the short range
of nuclear forces, it is inconceivable
that the protons can still be feeling the
influence of the first target at the time
of the second collision. It is clear that
the direction of the first scattering was
recorded on some internal coordinate
of the protons. The only internal co-
ordinate a proton has, as far as is
known, is the direction of its spin axis.
Hence the proton beam must become
polarized in the course of the first scat-
tering. The asymmetry exhibited in the
second scattering is conclusive evidence
for the existence of spin-orbit forces in
nuclear scattering.

The double-scattering experiment I
have just described is typical of many
that have been performed over the past
decade in order to examine the spin-
dependence of the nuclear forces. A
further refinement is the triple-scatter-
ing experiment. The first scattering
serves to produce a beam of polarized
particles. The second scattering is the
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DOUBLE-SCATTERING EXPERIMENT depicted here is typical of many that have been
performed over the past decade to examine the spin-dependence of the nuclear forces. A
beam of protons from an accelerator is allowed to strike a target, and some of the protons
are scattered by colliding with the target nuclei. The protons that are scattered at an arbi-
trarily chosen angle ¢ to the left are called the L beam; those scattered to the right at the
same angle are called the R beam. At this stage there are an equal number of particles in
both beams. The L and R beams are then conducted many feet across the experimental area
to two second-scattering targets, both identical with the first. Again the protons scattered at
the same angle ¢ are observed to the left and to the right. This time, however, the number
of protons in the L’ beam consistently exceeds that in the R’ beam, while the number in
the R” beam exceeds that in the L” beam. The asymmetry exhibited in the second scattering
is taken as conclusive evidence of the existence of spin-orbit forces in the first scattering.

nuclear reaction whose spin-dependence
is being measured. The third scattering
analyzes the polarization of the particles
after the reaction. Related to triple-
scattering experiments are “spin corre-
lation” measurements, in which an un-
polarized beam strikes an unpolarized
target in the reaction under study. The
polarization of both the scattered par-
ticle and the recoiling target nucleus
is then analyzed by two simultaneous
second scatterings.

A partial theoretical success has been
achieved in analyzing the scattering of
protons by protons and of neutrons by
protons by taking the spin-dependence
of these reactions into consideration.
All the data concerning these reactions
at energies of up to 400 mev can be
accounted for if, and only if, one as-
sumes that the force between the two
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particles is a strong spin-orbit force
that is otherwise dominated (when the
particles are fairly far apart) by the
effects of exchanging a single “mediat-
ing” particle—a meson.

The success is only partial because
such a theory is “phenomenological.”
One guesses at the form of the forces
and then adjusts several “free” quanti-
ties to obtain the best fit. Very little
information is gained about what one
is to expect in other reactions, or in the
same reactions at higher energies. In a
complete theory one expects to be able
to derive all these results starting from
first principles. Nobody yet claims to
have developed a full theory of nuclear
scattering. The phenomenological theory
continues to be used, because it is the
best theory available. It is by no means
trivial to be able to account for so many
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experimental results with so few as-
sumptions.

Although double- and triple-scatter-
ing experiments yield extremely valu-
able information, they are beset with
several rather severe difficulties. The ex-
perimenter must deal with very low
counting rates, since only a small frac-
tion of the particles are actually scat-
tered at the desired angle by each
target. Moreover, the effects one hopes
to observe are small, not only because
the spin-dependent part of the scatter-
ing may sometimes be only a small frac-
tion of the total scattering but also be-
cause the beam is rarely 100 percent
polarized by the first scattering, nor is
the final scattering a perfect analyzer.
Precise geometric alignment of all the
pieces of equipment is essential, be-
cause reaction rates sometimes depend
strongly on the scattering angle, and a
small misalignment can result in a false
left-right asymmetry. Errors are intro-

-~

duced because the polarizing and ana-
lyzing powers of the scatterers are not
accurately known. These powers depend
on the energy of the particle being scat-
tered. At some energies there is very
little spin-dependence, making it hard
to polarize the particles or to analyze
their polarization after scattering.

In recent years two techniques have
been developed to circumvent some of
these difficulties; one involves the use
of polarized accelerator beams and the
other the use of polarized nuclear tar-
gets. A polarized accelerator beam is
made by polarizing the particles before
they are accelerated by the machine. It
is not at all certain that the process of
acceleration will not destroy the polari-
zation; this is a factor that depends
critically on the design of the particular
accelerator. Success has been achieved,
mainly at “low” energies (less than 100
mev), in accelerating polarized beams of
protons and deuterons.

.-

A polarized target is simply a sample
of some solid material containing nuclei
whose spins are polarized. Before con-
sidering how such polarizations are ob-
tained, a numerical definition of the
term “percentage of polarization” ap-
pears to be in order. If all the particles
in a sample are spinning in the same di-
rection about parallel axes, they are said
to be 100 percent polarized. If they are
all spinning at random, they are 0 per-
cent polarized. Usually one encounters
situations somewhere between these
two extremes. A partially polarized sam-
ple is described as though a certain
fraction of the particles (say 60 percent)
were completely polarized and the re-
mainder completely unpolarized; such a
sample would be called 60 percent po-
larized. In actuality, of course, one can
never distinguish which protons are in
the polarized fraction and which are in
the unpolarized fraction.

An alternative interpretation is ob-

9

“DYNAMIC NUCLEAR POLARIZATION” is a general term used
to describe several techniques for transferring the high polariza-
tion achieved in certain solids at very low temperatures in the pres-
ence of a strong magnetic field to some of the nuclei in the solid.
The particular technique shown here, known as the solid-state
effect, was discovered in the late 1950’s mainly by C. D. Jeffries of
the University of California at Berkeley and by A. Abragam of the
Center for Nuclear Studies at Saclay in France. The solid-state effect
requires a medium in which the unpaired electrons cannot be effec-

72

tively depolarized, that is, a medium in which they undergo such
frequent collisions with neighboring atoms that, no matter what
process takes place to change their polarization temporarily, it re-
turns immediately to its thermal-equilibrium percentage. On the
other hand, the spins of the protons are so “slippery” that, once po-
larized,they may take many minutes or hours to return to equilibri-
um. As in other dynamic-polarization techniques, the number of
protons being polarized may be much greater than the number of
electrons acting as polarizing agents, since one electron can polar-
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tained by considering rotation about a
particular axis and noting the number
of particles that are spinning in a right-
handed sense about this axis (spin up)
compared with the number rotating in
a left-handed sense (spin down). In the
60 percent polarized sample just de-
scribed all the polarized sample plus
half of the remaining 40 percent are
spin-up, for a total of 80 percent, while
the rest are spin-down. Using either
interpretation, it is easy to show that
the “percentage of asymmetry” in the
scattering is proportional to the per-
centage of polarization of the beam
or the target. The constant of propor-
tionality is the measure of the spin-
dependence of the reaction under study.

he most obvious way to polarize a
large sample of particles—by subject-
ing them to a very strong magnetic
field—has come to be known among

high-energy physicists as the “brute

0

IR

force” method. I mentioned earlier that
a spinning particle with a magnetic
moment has properties similar to those
of a bar magnet. The analogy can be
carried a step further to point out that
in the presence of the earth’s magnetic
field all compass needles point north.
In the terminology of this article the
needles would be called 100 percent
polarized.

Under ideal conditions the spins of
any sample of particles would be simi-
larly polarized in the presence of a
magnetic field. As the reader may
surmise, however, the conditions are
seldom ideal. In any real solid at tem-
peratures other than absolute zero the
atoms and nuclei are constantly buf-
feted by collisions with the lattice
of neighboring atoms. These collisions
have the same effect on spinning nuclei
that violent shaking has on a compass
needle: the magnetic-moment direction
(which is the same as the spin axis)

4D

12

keeps getting reoriented away from the
magnetic-field direction, so that the per-
centage of polarization is much reduced.
The actual amount of polarization that
is obtained when a system of particles
is in thermal equilibrium with its en-
vironment at some low temperature and
in the presence of some magnetic field
can be calculated. This brute-force po-
larization is given roughly by the ratio
of the magnetic energy (the product of
the magnetic moment of the particle
times the strength of the magnetic
field) to the average thermal energy of
the surrounding atoms (proportional to
the absolute temperature). For example,
taking the magnetic moment of the pro-
ton (1/658 Bohr magneton), the field of
a strong laboratory electromagnet (20,-
000 gauss) and a temperature conve-
niently reached by cooling with liquid
helium (1 degree above absolute zero),
one finds that the thermal-equilibrium
polarization of protons under these con-

6
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ize many protons. In step I a single electron (color) is shown with
its angular-momentum vector pointing in the same direction as the
static magnetic field (large vertical colored arrows). The angular-
momentum vectors of the protons (gray) are oriented at random
(in quantum mechanics they can be regarded as being simply half
spin-up and half spin-down). In step 2 radio power (large horizon-
tal colored arrows) is applied at right angles to the static magnetic
field at a frequency corresponding to the simultaneous “spin flip” of
an electron and a proton. In step 3 the electron snaps back immedi-

ately, ready to work on a new proton (step 4); the protons that are
transferred to “up” stay that way. In subsequent steps the polariza-
tion “diffuses” outward to more remote protons by the spontaneous
transfer of polarization from one proton to another. The electron
continues to flip the protons that are adjacent to it. If the electrons
are more efficient at polarizing the protons than various other proc-
esses are at depolarizing them, most of the protons will soon be
polarized. Several groups have achieved polarizations of better than
70 percent using this particular dynamic polarization technique.
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FREQUENCY OF RADIO POWER (represented here by discrete quanta, or energy par-
cels) can be changed slightly to achieve either direction of proton polarization without
changing the static magnetic field or otherwise affecting the experimental conditions. In «
the frequency is just right for the transition “electron up, proton up” to “electron down,
proton down.” In b the frequency corresponds to the transition “electron up, proton down”
to “electron down, proton up” (this is the transition shown in the illustration on the pre-
ceding two pages). In both cases the transitions can go either way, but since most of the
electrons are “up” to begin with the transitions go predominantly to the right. The electrons
snap back to equilibrium immediately, but the protons, once polarized, stay that way.

ditions is .2 percent. This means that in
a sample of 1,000 protons 501 will be
spin-up and 499 spin-down. To obtain
higher polarizations in this manner one
must build expensive high-strength
magnets and use special techniques to
reach very low temperatures. Hence the
term “brute force.”

If one considers the effect of the
same magnetic field and temperature on
the polarization of the electron, one
finds quite a different situation. Because
the electron’s magnetic moment is so
large, its magnetic energy is comparable
to the thermal energy at 1 degree above
absolute zero in a field of 20,000 gauss.
The thermal-equilibrium polarization of
electrons is well over 50 percent in such
a situation. Unfortunately, in a solid
(everything but helium is solid at these
temperatures) electrons are strongly
constrained to team up in pairs with
equal and opposite spins, resulting in
zero polarization. The thermal-equilib-
rium polarization percentage quoted
above applies only to the unpaired elec-
trons, which may be only a small frac-
tion of the total number of electrons
present. The same pairing constraint
does not usually apply to the nuclei in
these solids, one important exception
being the protons in solid pure hydro-
gen at thermal equilibrium. Again un-
fortunately, this is one of the substances
physicists would be most interested in
polarizing.

There are several clever tricks one
can play to transfer the high polariza-
tion of the unpaired electrons to some
of the nuclei in a solid. The oldest
method for effecting this transfer is the
“static” method proposed independently
by M. E. Rose, then at the Oak Ridge
National Laboratory, and C. J. Gorter at
the Kamerlingh Onnes Laboratory in the
Netherlands in the late 1940’s. They
noted that in many substances there is
an unpaired electron close to each nu-
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cleus. These electrons interact with the
nuclei by means of magnetic spin-spin
forces. In effect they set up extremely
strong local fields. At the site of the
nucleus these local fields may be mil-
lions of gauss, or 100 times stronger
than the external field. The local fields
vary in direction from place to place
in the crystal, averaging to nearly zero
over any sizable volume. But if the elec-
trons are highly polarized and the solid
has the right crystal structure, the local
fields at each nuclear site will all be in
the same direction. Therefore the nuclei
become polarized as if they were in that
same strong external field.

The most famous use of the Rose-
Gorter technique was in the 1956 ex-
periment by C. S. Wu of Columbia Uni-
versity and a group at the National Bu-
reau of Standards that demonstrated
that the beta decay of polarized cobalt-
60 nuclei can be used to make an abso-
lute distinction between right and left
[see “The Overthrow of Parity,” by
Philip Morrison; SCIENTIFIC AMERICAN,
April, 1957]. Experiments employing
polarized heavy nuclei as targets in nu-
clear reactions have also been carried
out by groups at the Bureau of Stan-
dards, Oak Ridge and the Brookhaven
National Laboratory.

Most physicists would prefer to have
polarized targets of protons or of some
light nucleus such as that of deuterium
or helium 3 (a rare isotope of helium
with nuclei consisting of two protons
and one neutron). The interpretation of
such experiments is not unduly compli-
cated by problems of nuclear structure,
and one expects to be dealing with more
fundamental interactions. The static
methods of obtaining polarization do
not seem to be applicable to hydrogen
and helium. For these nuclei we must
appeal to “dynamic” nuclear polariza-
tion methods.

In 1953 Albert W. Overhauser, then
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at the University of Illinois, proposed a
novel method for obtaining nuclear po-
larization in alkali metals (for example
lithium and sodium). The conduction
electrons (which are unpaired in alkali
metals) are highly polarized in thermal
equilibrium at suitable temperatures
and field strengths. If one deliberately
depolarizes the electrons and then per-
mits them to return to equilibrium, they
will do so mainly through the mecha-
nism of spin-dependent collisions with
nuclei. Overhauser postulated that the
nuclei have no fast way to get rid of the
excess angular momentum transferred
to them by such collisions. Therefore if
one repeatedly depolarizes the electrons
(by applying radio power at just the
proper frequency), the nuclear polariza-
tion will build up until it is equal and
opposite to that of the electrons. To the
surprise of many physicists, T. R. Car-
ver and Charles P. Slichter at Illinois
demonstrated in 1955 that this effect
works exactly as Overhauser had pre-
dicted.

Almost immediately it was recognized
that the principle of dynamic nuclear
polarization applied to much more gen-
eral situations than the one treated by
Overhauser. Many different variations
in the method have been used to obtain
polarization in many different nuclei.
These variations have several features
in common with the Overhauser effect.
For one thing, the number of nuclei
being polarized may be much greater
than the number of electrons acting as
polarizing agents, since one electron
can polarize many nuclei. In all cases
external power is applied to selectively
flip the spins of certain parts of the sys-
tem. Finally, the polarization obtained
is many times higher than would occur
at thermal equilibrium.

The particular method that has been
of most use in polarizing protons was
discovered in the late 1950’s mainly by
C. D. Jeffries of the University of Cali-
fornia at Berkeley and by A. Abragam
of the Center for Nuclear Studies at
Saclay in France. The latter has called
this method the “solid-state effect.” The
development of the method has been
carried out principally by these two
workers and notably by M. Borghini,
who worked first at Saclay and then at
the European Organization for Nuclear
Research (CERN) in Geneva. Important
contributions have also been made by
groups at the University of Oxford, the
University of Besancon, the University
of Minnesota, Yale University, Harvard
University and the Joint Institute for
Nuclear Research at Dubna in the
U.S.S.R.



The solid-state effect requires a me-
dium in which the unpaired electrons
cannot be effectively depolarized, that
is, a medium in which they undergo
such frequent collisions with neighbor-
ing atoms that no matter what process
takes place to change their polarization
temporarily it returns immediately to its
thermal-equilibrium percentage. On the
other hand, the spins of the nuclei that
are being polarized (which we shall
hereafter take to be protons) are so
“slippery” that, once polarized, they
may take many minutes or hours to re-
turn to equilibrium. It is possible, how-
ever, to transfer polarization from one
proton to another, so that if the pro-
tons closest to the unpaired electron get
polarized first, this polarization can
“diffuse” out to more remote protons
[see illustration on pages 72 and 73].

Radio power is applied at right angles
to the static magnetic field at a fre-
quency corresponding to the simultane-
ous “spin flip” of an electron and a pro-
ton. For example, the frequency may be
just right for the transition “electron
up, proton up” to “electron down, pro-
ton down” [see illustration on opposite
page]. The transition can go either way,
but since most of the electrons are “up”
to begin with the transition goes pre-
dominantly to the right. The “down”
electron snaps back up immediately,
according to the solid-state hypothesis,
ready to work on a new proton. The
protons that get transferred to “down”
stay that way. The reaction proceeds
until there are very few “up” protons
left, or until most of the protons become
polarized “down.”

In a similar way, one can also obtain
protons polarized “up” by changing the
radio frequency to correspond to the
transition “electron up, proton down” to
“electron down, proton up.” As before,
the transition proceeds mainly to the
right, until there are very few “down”
protons left. Thus one can achieve ei-
ther direction of proton polarization
without changing the magnetic field
or otherwise affecting the experimental
conditions.

The substance that has been found
most suitable for obtaining high proton
polarization is lanthanum-magnesium
double nitrate, whose chemical formula
is LasMgs(NOy);s - 24H50, in which 1
percent of the rare-earth element lantha-
num is replaced by another rare-earth
element, neodymium, which provides
the unpaired electrons. This compound
was chosen because it contains both
rare earths and an appreciable content
of hydrogen, in addition to having the
properties required to make the solid-

state effect work. Several groups have
reported proton polarization higher than
70 percent in this crystal. It would be
desirable to polarize materials richer in
hydrogen, and the search for such possi-
bilities is continuing.

At least one other method of obtain-
ing nuclear polarization has been used
to polarize the nuclei of helium 3.
Groups working at Texas Instruments,
Inc, and at Rice University use the
technique of “optical pumping” for this
purpose [see “Optical Pumping,” by
Arnold L. Bloom; ScilENTIFIC AMERI-
caN, October, 1960]. Light of the prop-
er wavelength and polarization is used
to excite the helium-3 atoms in such
a way that when they return to the
“ground” state they always wind up in
one orientation of the nuclear spin (say
spin up) rather than the other. This
technique, unlike all the others men-
tioned so far, works at room tempera-
ture, which is a great advantage. In
order to avoid the collisions that would
quickly restore thermal equilibrium,
however, it is necessary to work with a
low-density gas. The technique works
best at a pressure of only one millimeter
of mercury. Such low densities are in-
convenient for studying nuclear reac-
tions; the walls of the container are
likely to do more scattering than the
gas itself. Nevertheless, these workers
have shown that it is possible to do cer-
tain experiments—for example the scat-

LOW-TEMPERATURE SYSTEM

tering of alpha particles by helium-3
nuclei—using such a target.

he relation between multiple-scat-

tering experiments and experiments
with polarized targets can be deduced
from considerations of symmetry. One
such consideration, applicable to pro-
ton-proton scattering, is the indistin-
guishability of identical particles. After
a collision between two protons it is
impossible in principle to tell which
of the final particles was originally the
target and which the projectile. There-
fore it makes no difference whether the
beam or the target is polarized; one ob-
tains the same asymmetry in scattering.

Another symmetry consideration is
that of “time reversal.” This notion says
in effect that a motion-picture film of
any process should show the system
appearing to obey the same laws of
physics whether the film is run forward
or backward. Until 1964 no experiment
had ever contradicted this idea of time-
reversal invariance, but it has recently
been called into question by certain
experiments in the decay of neutral K
mesons [see “Violations of Symmetry
in Physics,” by Eugene P. Wigner; Sci-
ENTIFIC AMERICAN, December, 1965].
In the case of an elastic collision, not
necessarily between identical particles,
one can think of two processes that are
time-reversed images of each other. In
the first process two unpolarized parti-
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SCATTERED PROTONS

EXPERIMENTAL SETUP used in the polarized-proton tests at Berkeley is shown here.
The low-temperature system keeps the target crystals at 1.15 degrees above absolute zero by
bathing them in liquid helium at low pressure. The magnet generates a field of 18,750 gauss,
uniform to within one gauss over the volume of the sample. The microwave-frequency pow-
er used to maintain the dynamic polarization is about one watt at 70,000 megacycles per
second. Detectors are placed to intercept both the scattered protons from the incident
beam and the recoiling nuclei from the target (which in this case are also protons).
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ENERGY OF PROTON BEAM (MILLIONS OF ELECTRON VOLTS)
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cles collide and one of them becomes
polarized by the collision. In the back-
ward-image process one of the initial
particles is polarized and the final po-
larizations are not measured. The prin-
ciple of time-reversal invariance states
that there will be an asymmetry in the
second process that is numerically equal
to the percentage of polarization in-
duced in the first process.

The implication of this statement is
that a single scattering from a polarized
target can yield the same information
as double scattering from unpolarized
targets. Not only that, but most of the
disadvantages of double scattering men-
tioned earlier are overcome. For exam-
ple, the problem of precise geometric
alignment of the detectors is avoided.
One observes the change in counting
rates when the directions of spin of the
target protons are reversed. This is
equivalent to turning the apparatus
upside down, thus changing “left” to
“right” without moving any detectors at
all. In addition, measurements can be
made at several angles simultaneously.
Counting rates are high, because only
one scattering process is involved. With
a polarized target it is possible to mea-
sure this kind of spin-dependence over a
wide range of energies in many differ-
ent reactions, and to do it fairly quickly.

By the same token, triple scattering
can be simulated with only two actual
scatterings when a polarized target is
available. Sometimes use of a polarized
target is the only way to make such a
measurement, as when the incident par-
ticle is a meson. Some mesons have no
spin and hence cannot be polarized
themselves; they are also unstable and
hence cannot be made into targets for
a polarized-proton beam to strike. In
order to simulate triple scattering of
mesons by protons there is no alterna-
tive but to do a double scattering with
a polarized target.

RESULTS of experiments in elastic proton-
proton scattering using the double-scatter-
ing technique (black) and the polarized-
target technique (color) are compared. The
experiments were performed in the years
indicated at university laboratories in sev-
eral countries and at the Center for Nuclear
Studies (Saclay), the European Organiza-
tion for Nuclear Research (CERN) in Gene-
va, the Joint Institute for Nuclear Research
(Dubna) in the U.S.S.R. and the Brook-
haven National Laboratory. The spin-de-
pendence, or polarization parameter,of each
reaction is equal to the percentage of asym-
metry of the scattered protons divided by
the percentage of polarization of the target
protons. Bars indicate experimental error.

With both a polarized beam and a
polarized target one can perform the
time-reversed process of a spin-correla-
tion experiment. This is an extremely
economical use of the accelerator beam,
since one accomplishes in a single scat-
tering what formerly required three sep-
arate scatterings to measure. The first
experiment actually to use a polarized
target, conducted by a group at Saclay,
made just this kind of measurement in
proton-proton scattering at 20 mev.

In an inelastic collision in which the
final particles are not the same as the
initial ones the time-reversal argument
used above does not apply directly. One
can still derive the same conclusions,
however, provided that the final par-
ticles have the same amount of spin as
the initial particles and that the “rela-
tive intrinsic parity” of the final parti-
cles is the same as that of the initial
particles. (Intrinsic parity is a property,
like spin, that is often ascribed to par-
ticles. Parity can take only two values:
+1 or —1. Since parity, unlike angular
momentum, is not always conserved, it
is only meaningful to talk of the relative
parity of pairs of particles.) It is thus
possible to determine the spin and par-
ity of certain new particles by compar-
ing the results of two experiments. In
the first experiment one produces the
particles under study by means of a cer-
tain reaction, using an unpolarized tar-
get, and observes to what extent these
particles emerge polarized. In the sec-
ond experiment one conducts the same
reaction, using a polarized target, and
observes the spin-dependence of the re-
action rate. The results of the two ex-
periments are numerically equal if, and
only if, both the spin and the relative
parity of the final particles are the same
as those of the initial particles. If the
relative parity has changed, the two ex-
periments should give equal but oppo-
site results.

Two experiments of this nature have
already been performed, although the
analysis of them is not complete at this
writing. At Berkeley we have measured
the relative parity of the sigma and K
particles. At CERN an experiment has
been performed to test the parity of
the xi hyperon with respect to the pro-
ton. The results of these experiments
will be of some importance, since nearly
every theory currently being advanced
predicts negative relative parity in the
former case and positive relative parity
in the latter.

Our group at Berkeley, headed by

Owen Chamberlain, became inter-
ested in building a polarized-proton tar-
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get for studying high-energy nuclear re-
actions in 1960. Some of the members
of the group had formerly been in-
volved in the double- and triple-scatter-
ing experiments mentioned earlier in
this article. Working closely with Jef-
fries, we decided to use the solid-state
effect to obtain proton polarization. Un-
til that time only small samples, crystals
weighing at most 200 milligrams, had
been polarized. In order to intercept a
reasonable fraction of the high-energy
beams available at the Berkeley accel-
erators we needed a target 100 times
larger. This presented a formidable en-
gineering task. Everything had to be
scaled up by a factor of 100: the ca-
pacity of the liquid-helium cooling
system, the amount of high-frequency
power needed to maintain the polariza-
tion, the extent of the highly uniform
magnetic field. Large single crystals
had to be grown, a painstaking and
often frustrating process [see illustra-
tion on page 69]. In 1962 Claude
Schultz and I succeeded in obtaining
about 20 percent polarization in the
protons contained in a 26-gram sample.

Many improvements have been made
since our first success. The polarized-
proton system as it now stands consists
of the following ingredients: the target
itself, a stack of crystals of lanthanum-
magnesium double nitrate with a 1 per-
cent neodymium impurity; a low-tem-
perature system, which keeps the target
at 1.15 degrees above absolute zero by
bathing it in liquid helium at low pres-
sure; a magnetic field of 18,750 gauss,
uniform to within one gauss over the
volume of the sample, and microwave-
frequency power to maintain the dy-
namic polarization, in this case about
one watt at 70,000 megacycles per sec-
ond [see illustration on page 75]. Under
usual running conditions the proton po-
larization varies between 45 percent and
65 percent. On isolated occasions all the
groups have measured even higher pro-
ton polarizations.

Two important problems had to be
solved in connection with the use of this
target. One was the question of knowing
exactly how much polarization we had
at any time. The other was the problem
of how to distinguish the effect caused
by the free protons (which constitute
only 3 percent of the total weight of the
crystals) from the contributions of the
oxygen, lanthanum and other nuclei in
the compound. The amount of polariza-
tion is measured by the technique of
nuclear magnetic resonance. A small
amount of power is applied at a fre-
quency of about 80 megacycles and
the amount of power absorbed by the
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| crystals is measured. This amount is

roughly proportional to the amount of
polarization, but several complicated
corrections must be made in order to
obtain a precise result. As for distin-
guishing the effect of the free protons,
we noted that any change in a reaction
rate that takes place when the target
polarization is reversed must be due to
the protons, since most of the other
nuclei have no spin, or if they do, they
have negligible polarization. In addi-
tion, we made use of the law of con-
servation of energy and momentum to
show that there is a relation between
the energy and the angle of the out-
going particles when the scattering is
by a free proton that is not satisfied
when the scattering is by a heavy
nucleus. In the experiments we have
done so far it has often turned out that
at the proper scattering angles the free-
proton events outnumber the back-
ground by a factor of five or more.

With such a wide and largely unex-

plored field now made accessible to
experiment, it is no surprise that so
many laboratories have constructed their
own polarized-proton targets. In addi-
tion to Berkeley, Saclay and CERN, the
Rutherford Laboratory near Oxford in
England and the Argonne National
Laboratory have already had polarized-
target experiments performed at their
accelerators. At CERN it is not uncom-
mon to have two polarized targets
operating simultaneously. Lower-energy
installations have also gone into the
business.

It is only a slight exaggeration to re-
mark that every reaction ever studied
with an unpolarized proton target can
profitably be repeated with a polarized
target, in order to learn the spin-depen-
dence of the reaction. This is in fact
the program on which all these labora-
tories seem to have embarked. One
takes all possible beams of particles—
protons and pi mesons first, perhaps K
mesons and antiprotons next—at all
energies available and measures the po-

Ilarization dependence of elastic scat-

tering at all angles. To be sure, tech-
niques of particle detection and data
handling have improved since the un-
polarized experiments were first done,
and the efficiency of gathering data is
much greater. Within the past few years
elastic scattering at a wide range of
energies has been performed with po-
larized targets.

The maximum value attained in pro-
ton-proton scattering by the polarization
parameter (the ratio of the percentage
of asymmetry of the scattered beams to
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the percentage of polarization of the
target) at each energy is shown in the
illustration on page 76. There are four
remarks to be made about these results.
First, the agreement among the various
laboratories at points where the data
overlap is heartening, showing that tar-
get polarizations are correctly cali-
brated. Second, the agreement between
the polarized-target data and the (gen-
erally less accurate) double-scattering
data at various energies indicates that
there is as yet no evidence of a violation
of the principle of time-reversal invari-
ance in this reaction. Third, the large
polarizations observed near 700 mev,
when correlated with other data in the
same vicinity, may be evidence for a
new “resonance,” or unstable particle,
perhaps a highly excited unbound “heli-
um 2” nucleus. Fourth, there is still con-
siderable spin-dependence at the maxi-
mum energy available at Berkeley.
There is a theoretical prediction, based
on rather general considerations, that
at sufficiently high energies the spin-
dependence of all nuclear reactions dis-
appears. No estimate is given of how
high an energy is “sufficiently high”;
from our data it appears that it must be
considerably more than 6,200 mev.

As for the pion-proton scattering, data
gathered below 1,700 mev at the Ruth-
erford Laboratory enabled its theoreti-
cians to distinguish several resonant
particles that overlapped one another
in mass. At least two previously unsus-
pected resonances were identified by
this method and their properties deter-
mined. The Argonne group has made
a similar analysis at a slightly higher
energy, and the Berkeley group is now
analyzing pion-proton data in a still
higher energy range. There will also be
interest, at the highest energies now
being studied at CERN and Brookhav-
en, in the rate at which spin-depen-
dence disappears (if it does) with in-
creasing energy.

For the future there are many possible
paths to follow with the technique
of dynamic nuclear polarization. There
will certainly be multiple-scattering ex-
periments using polarized targets before
very long. One may also consider ine-
lastic scattering from these targets.
Specific proposals may be advanced,
such as the recent one made by T. D.
Lee of Columbia, to search for time-
reversal violation in electromagnetic in-
teractions by studying inelastic electron-
proton scattering from polarized targets.
There are surely enough experiments to
be done to keep many groups at many
laboratories busy for many years.
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THE VOODOO LILY

This tropical plant and its relatives emit a highly unpleasant odor

that attracts insect pollinators. To broadcast its scent the plant

resorts to unusual metabolic pathways that make part of it quite hot

nimals differ considerably in their
A rates of metabolism; a shrew,
for example, has a far higher
metabolic rate than a sloth. One does
not usually think of such differences in
plants, but they do exist. The highest
rate of metabolism among the higher

by Bastiaan J. D. Meeuse

plants is found in the tissues of certain
members of the arum family, which in-
cludes such familiar plants as the calla
lily, caladium and philodendron. One of
the arums—the voodoo lily (Sauromatum
guttatum)—has such a high rate of me-
tabolism that on the first day of its flow-

MALE FLOWERS

STERILE FLOWERS

FEMALE FLOWERS

; /j’/
/

REPRODUCTIVE ORGAN of the voodoo lily (Sauromatum guttatum) is its thin cylindri-
cal spadix (left). The plant’s leaflike spathe surrounds the base of the spadix; the enclosed
area is the floral chamber. The lily’s multiple male and female flowers grow on the spadix
inside the chamber, separated by a set of sterile flowers (detail at right). When the female
flowers mature, the upper part of the spadix, called the appendix, becomes hot and malodor-
ous. The odor attracts insects to one voodoo lily after another; cross-pollination results.
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ering the temperature of part of it ex-
ceeds the temperature of the air by 10
to 15 degrees centigrade (18 to 27 de-
grees Fahrenheit). The heat volatilizes
some of the plant’s content of amines
and ammonia so that it emits a charac-
teristic unpleasant odor, reminiscent of
dung, urine, carrion or decaying blood.

The smell of the voodoo lily and other
malodorous members of the arum family
serves a useful purpose: it attracts flies
and some kinds of scavenger beetles
that pollinate the plants. The source of
the heat is respiration, which in plants
as in animals is the process by which
such foodstuffs as carbohydrates are
oxidized in a series of steps catalyzed
by enzymes to provide energy for the
organism’s life processes. A number of
plant physiologists have investigated
the intense respiration of the arums,
and we are extending these investiga-
tions in our laboratory at the University
of Washington.

The arum family (formally known as
the Araceae) is one of the largest among
the monocotyledonous plants; it consists
of some 2,000 species in more than 100
genera. Arums live not only on land but
also in the water; some are epiphytic,
that is, they live on other plants without
being parasitic. One of the aquatic
arums—water lettuce (Pistia stratiotes)—
is a rootless plant that spends its life
afloat, supported by spongy, air-filled
tissue on the bottom surface of its
leaves. Another, Cryptocoryne ciliata,
takes root in the bottom of streams and
ponds and in flowering exposes a “flag”
on the surface that lures insect polli-
nators into a foot-long underwater floral
chamber. Both philodendron and the
less familiar Monstera deliciosa (whose
flowers develop into a prized tropical
fruit) are epiphytes that climb like vines
on the trees of their tropical forest
habitat. Of the terrestrial arums perhaps
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SUDDEN GROWTH of the voodoo lily’s spadix and spathe during graphs (left to right, top to bottom). An elongation of as much as
the days before the flowers mature is recorded in a series of photo- 500 millimeters has been recorded in thecourse of nine days’ growth.
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ARUM ITALICUM, an Old World species akin to the jack-in-the- after the process of appendix-heating and odor-broadcasting has
pulpit, was raised in the author’s laboratory at the University of occurred. At right the wall of the floral chamber has been cut away
Washington. The photograph at the left shows the plant shortly to reveal the many insects that were drawn to the plant by the odor.
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the best-known are the wild forms of
the Northern Hemisphere: the skunk
cabbages (Symplocarpus in eastern Asia
and eastern North America and Lysi-
chitum in Asia and the American West);
jack-in-the-pulpit (Arisaema), found in
Asia and eastern North America; lords-
and-ladies (Arum maculatum), its Euro-
pean relative, and another European
species known as Italian lords-and-ladies
(Arum italicum). Some terrestrial spe-
cies are of considerable economic im-
portance; among them are the sweet
flag (Acorus calamus) and Indian ipeca-
cuanha (Cryptocoryne spiralis), both of
which have roots that are used as medi-
cines, and taro (Colocasia antiquorum),
which is cultivated as a foodstuff
throughout the South Pacific.

Tt is evident from their numbers and

diversity that the arums have been
highly successful in the evolutionary
struggle for survival. One of the reasons
for their success is the ingenuity dis-
played by the ways in which they are
pollinated. Cross-pollination, as opposed
to self-pollination, confers an evolution-
ary advantage on a plant species, and
even among the most primitive arums,
such as the skunk cabbages, self-pollina-
tion is unusual. Although the hundreds
of tiny flowers that develop on each
skunk cabbage’s fleshy central spadix are
bisexual, their pollen-receiving female
organs mature sooner than their pollen-
shedding male stamens. Moreover, the
stamens tend to mature from the base of
the spadix upward, thereby minimizing
the likelihood of pollination by gravity.
Instead the plants are cross-pollinated
by beetles that move from one skunk
cabbage to another, attracted by the
pungent odor the plants emit when they
flower.

The pollination of the Italian lords-
and-ladies, one of the more highly
evolved arums, is perhaps more typical
of the family as a whole. It was the
great Jean Baptiste de Lamarck who in
1778 first recorded the fact that the
flowering spadix of A. italicum is hot
and has an unpleasant smell. The flow-
er-bearing part of the plant’s spadix is
divided into four zones. At the base of
the structure is a cluster of female
flowers; above this zone is a bristly
growth consisting of sterile flowers.
Above the bristles is a cluster of male
flowers, and above them is a second
zone of bristles. All four zones are sur-
rounded by the plant’s leaflike spathe,
which forms an enclosed floral chamber.
The rest of the spadix protrudes from
the floral chamber like a poker; this

upper part is called the appendix [see
illustration on page 801].

The odor wafting from the appendix
on the plant’s first day of flowering is a
highly effective insect attractant. In
1926 Fritz Knoll, then at the University
of Prague, made models of the flower-
ing parts of three European arums and
scented the models either with decaying
blood or with the appendixes of live
arums. He found that his scented mod-
els attracted many midges. In nature
both the arum’s appendix and the inside
of the floral chamber are coated with
tiny droplets of oil that deny a foot-
hold to the insects that are lured to the
plant. The visitors literally fall through
the bristles at the top and middle of the
chamber. They settle among the female
flowers at the bottom of the chamber,
where they feed on the sweet fluid ex-
uded by the flowers™ stigmas. In the
process they also become coated with
the fluid.

Overnight the male flowers in the up-
per part of the floral chamber ripen
and shower the insects with golden
pollen. Soon the insects, already cov-
ered with sticky fluid, are coated with
the pollen. When they resume their at-
tempts to escape the next day, they find
that the bristles have wilted somewhat
and now provide a better foothold.
They emerge from the floral chamber
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and take flight—only to be attracted by
the scent of another flowering arum.
Then they are captured again and de-
liver their freight of pollen to the female
flowers.

[n examining these events from the
“ physiological point of view, one may
first ask what purpose is served by
the intense metabolism that heats the
arum’s appendix. Opinion on the matter
has been divided. To test whether or
not the heat alone is attractive to the
pollinating insects, Knoll placed inside
his models light bulbs that made them
warmer than the surrounding air. The
heated but odorless models failed to
draw any insects. Knoll concluded that
the sole function of the heating of the
appendix was to increase the rate at
which the scent compounds were vola-
tilized. On the other hand, Stefan Vogel
of the University of Mainz proposed
that the appendix heating served no
function in itself and was only a by-
product of the plant’s metabolic activity
as it synthesized the scent compounds.
To make a choice between these two
hypotheses it is necessary to come to
some conclusions about the exact nature
of the arums’ scent-producing process.
Bruce Smith of our laboratory has made
chromatographic analyses of the scent
compounds produced by the voodoo

|
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RUNAWAY RESPIRATION that heats the voodoo lily’s appendix at maturity is marked
by a rise in the tissue’s hourly rate of carbon dioxide production between early morning
and noon. During this time temperature of the appendix rises seven degrees centigrade.
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ARUM FAMILY MEMBERS are adapted to three kinds of habitat. plants of the Temperate Zone; each emits an odor that attracts

The philodendron («), native to the Tropics of the New World, is insects. So does the aquatic arum of the Far Eastern Tropics,
an epiphyte: it lives on other plants without being a parasite. The Cryptocoryne ciliata (d). Another aquatic arum, water lettuce
jack-in-the-pulpit (b) and Eastern skunk cabbage (c) are terrestrial (e), spends all its life afloat, buoyed by the air in its leaf tissues.
84
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lily, by lords-and-ladies and by three
other odoriferous arums: Arum dios-
coridis, Dracunculus vulgaris and Hy-
drosme rivieri. He has identified a va-
riety of amines: chemical relatives of
ammonia (NHj;) in which a hydrogen
atom is replaced by any one of a num-
ber of groups of atoms. It was discov-
ered, however, that the major scent
component is ammonia itself. The am-
monia is probably derived from the
plants’ copious supply of the amino acid
glutamic acid in a process catalyzed by
glutamic acid oxidase, an enzyme that is
present in nearly all higher plants.

We have shown that, in the case of
the voodoo lily and lords-and-ladies, the
activity of glutamic acid oxidase in the
appendix during the plants’ flowering
roughly parallels their overall rate of
respiration. Moreover, three of the
amines Smith has identified can be de-
rived from common amino acids present
in the plants with little expenditure of
energy. In the case of the voodoo lily
we have found that, although the ap-
pendix’s total output of scent substances
is no more than a few milligrams, during
its period of intense activity the appen-
dix itself may lose as much as eight
grams of carbohydrate in 12 hours. It
seems doubtful that so much fuel is
needed to produce so small a quantity
of scent compounds, the more so when
they are not particularly difficult to syn-
thesize. A further consideration is the
fact that a rise in temperature from 25
to 40 degrees C.—a range nearly equal
to the maximum range that an arum
appendix can accomplish—suffices at
least in the case of one arum amine to
increase its rate of evaporation by 100
percent.

In the light of these facts it is evident
that the heating of the arum’s appendix
during flowering constitutes a particu-
larly elegant demonstration of what has
been called “the principle of biological
parsimony.” Heat production and scent
production are two aspects of a single
respiratory process; both events are si-
multaneous and inextricably linked. As
Knoll suggested, the larger part of the
energy serves to volatilize the malodor-
ous compounds, which are made at the

expense of very little energy or none at
all

[11 plants any energy that appears in the

form of heat during respiration is
normally considered wasted, and in or-
der to avoid such waste the respiratory
process depends on the chemical process
known as “coupling.” Coupling pro-
vides that, in several of the enzyme-
catalyzed steps involved in respiration,
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FUEL COMBUSTION at the time of maturity was assessed for Arum maculatum by record-
ing the wet-to-dry-weight ratio of appendixes passing through the flowering stage (“D
day”). The ratio after flowering was less than 25 percent of the preflowering average; most
of the starch reserve stored in the appendix was consumed in a few hours’ respiration.

surplus energy is not dissipated as heat
but is trapped in the form of the high-
energy compound adenosine triphos-
phate (ATP) or of comparable sub-
stances. This coupling between a spe-
cific respiratory step and the creation of
a high-energy phosphate is usually obli-
gatory. In the laboratory, however,
coupling can be abolished by the ad-
dition of small amounts of such “un-
couplers” as azide, pentachlorophenol
or 2,4-dinitrophenol (DNP).

The arums’ period of intense respira-
tion is quite brief. The voodoo lily heats
up in a few morning hours and lords-
and-ladies in the course of an after-
noon. Both the intensity and the brevity
of the process suggest that it is an ex-
ample of the uncoupled kind of respira-
tion. One way to test this assumption is
to add an uncoupling agent such as
DNP to slices of appendix tissue taken
from arum plants at various stages of
development. If respiration in the ap-
pendix is indeed uncoupled at the time
of the plant’s flowering (which we shall
call D day), then the administration of
an artificial uncoupler to a bit of nat-
urally uncoupled D-day tissue should
not give rise to a respiration rate sig-
nificantly different from that of an un-
treated bit of D-day tissue. In tissue
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samples taken at other stages in the
plant’s development, however, the ad-
ministration of an uncoupling agent
should enhance respiration in a clear-
cut manner.

An experiment conducted in our
laboratory by Conrad Hess proved this
to be true for appendix tissue from voo-
doo lilies. In samples of tissue taken at
D day both untreated tissue and tissue
treated with DNP exhibited about the
same respiration rate [see illustration on
next page]. When DNP was added to
samples taken on the two days follow-
ing D day, however, the treated tissue
showed a respiration rate at least dou-
ble that of the untreated tissue.

Nonetheless, the Hess experiment
offered us only indirect evidence that
D-day respiration in the appendix of
the voodoo lily is uncoupled. We won-
dered how more direct evidence might
be obtained. Would it be possible to
detect either the D-day synthesis of
ATP, signifying a coupled respiratory
process, or the absence of such synthe-
sis, signifying an uncoupled process?
One possible way to answer such ques-
tions would be to examine the appendix
cells’ mitochondria, the intracellular par-
ticles known to be the site of important
respiratory processes. Unfortunately it
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ABSENCE OF COUPLING, which traps the surplus energy of the respiratory process in the
form of adenosine triphosphate (ATP), is indirectly indicated by this experiment. The
compound 2,4-dinitrophenol (DNP), which can uncouple respiration either by breaking
down ATP or by preventing its formation, is added to appendix tissues of plants passing
through the stage of flowering (D day). Control and test tissues that day show about the
same metabolic rate, suggesting that control-tissue respiration was already uncoupled natu-
rally. In the next two days, however, the DNP-treated test tissue shows a rate more than
twice the control tissue’s, suggesting that latter’s respiratory process is back to normal.

is extremely difficult to obtain reliable
measurements of the production of ATP
in plant mitochondria. In the voodoo
lily and kindred arums this difficulty is
compounded by the presence in the
appendix of a high concentration of
adenosine triphosphatase (ATP-ase), an
enzyme that decomposes ATP with a
vigorous action that is very hard to
suppress.

We thought for a time that the pres-
ence of ATP-ase in the arum mito-
chondria might hold a clue—even the
clue—to the uncoupling process. Our
reasoning was as follows. In many plant
tissues, including arum appendixes, the
ATP-ase of the mitochondria can be
activated by DNP. If it could be shown
that the activation increased dramatical-
ly from D day to D day plus one, an
explanation for the behavior of the slices
of tissue in DNP solutions would be
available. Addition of the DNP after D
day would give rise to higher ATP-ase
activity, resulting in a higher level of in-
organic phosphates and more intense
respiration. On D day itself, however,
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no such effect would obtain. Such is the
result one would expect if on D day the
ATP-ase in the mitochondria were al-
ready activated maximally by some in-
tracellular agent, that is, if respiration
were already uncoupled. So far, how-
ever, we have been unable to detect any
change in the activation of the ATP-ase
by the addition of DNP during the flow-
ering sequence.

Another way to account for the voo-
doo lily’s brief period of runaway ac-
tivity is to assume that the plant does
not depend on conventional uncoupling
to achieve intense respiration. In or-
dinary respiration the last step of the
process is catalyzed by cytochrome oxi-
dase, an enzyme that can be inactivated
by cyanide. In 1938 A. W. H. van Herk
of the University of Amsterdam noted
that the administration of cyanide to
arum appendix tissue had no effect on
its respiration rate. Van Herk took this
to mean that the plants had a respira-
tory system that eliminated some of the
usual steps in the respiratory process.
Later studies, however, presented a
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striking paradox. In spite of the fact that
the respiration rate of arum appendix
tissue slices is not affected by cyanide,
other tests clearly show that the tissue
does contain cytochrome oxidase. Thus
it would seem that the respiratory steps
leading to cytochrome oxidase cannot
be absent from the tissue’s respiratory
process.

Is there any way to resolve the para-
dox? Britton Chance and his asso-
ciates at the University of Pennsylvania
School of Medicine have proposed one
way. If the amount of cytochrome oxi-
dase in the appendix tissue is large
enough at the start, they suggest, then
even when the bulk of the enzyme has
been inactivated by cyanide, enough of
it will remain unaltered to be able to,
participate in normal respiration. To ac-
count for certain experimental findings
on this basis, however, requires the as-
sumption that the appendix tissue con-
tains 60 times the expected amount of
cytochrome oxidase. This is not easy to
accept.

An alternate resolution of the para-
dox assumes the existence of a “bypass”
system. On this hypothesis most of the
respiration in the appendix tissue goes
through the usual steps leading to cyto-
chrome oxidase, but these steps can be
bypassed under special circumstances,
among which is an encounter with cya-
nide in the laboratory. When this hy-
pothesis is taken out of the laboratory
and examined in the voodoo lily’s nat-
ural environment, a potential evolution-
ary factor becomes apparent. Any plant
equipped with two respiratory pathways
would probably not continue to inherit
the extra pathway through thousands of
generations unless possession of the two
pathways had some significant survival
value. When one looks in this light at
the peculiar life cycle of the voodoo lily
and its relatives—in which the runaway
respiration that heats the appendix is
the key to the plant’s pollination and
thus to the survival of the species—the
bypass hypothesis becomes increasingly
attractive. Nonetheless, it should be ob-
vious that much remains to be learned
about the matter.

Putting aside the question of the voo-
doo lily’s precise mode of respiration,
an equally intriguing topic for investi-
gation is the means by which the plant’s
dramatic D-day activity is triggered.
With the aid of electron microscopy
E. W. Simon of the University of Man-
chester has detected structural changes
in the mitochondria that evidently re-
flect increased activity as the appendix
develops in the period before D day. In



our laboratory we have detected a grad-
ual buildup of flavine compounds and
certain biochemical cofactors in appen-
dix tissue in the same period. Neither
the structural nor the biochemical
changes, however, are sufficient to ac-
count for the explosiveness of the D-day
flare-up.

In 1939 van Herk made a break-
through in research on the mechanism
of triggering. He cut the male flowers
away from the spadix of a voodoo lily
more than 18 hours before the plant
was due to blossom. The appendix
failed to heat up or to produce the char-
acteristic odor. When he delayed the
excision of the male flowers until from
six to 18 hours before blossoming, the
appendix became hot and malodorous
on schedule. On the basis of these ex-
periments van Herk proposed that the
male flower buds secrete a triggering
hormone, to which he gave the name
“calorigen.” Later he obtained an ex-
tract of the male buds and used it to
treat pieces of appendix tissue from voo-
doo lilies he had rendered inactive by
early excision of the male flowers. After
a lag of from 19 to 22 hours the treated
tissues became hot.

Van Herk’s experiments clearly
showed that the voodoo lily does secrete
some substance that triggers the ap-
pendix-heating process. The chemical
nature of the substance remains un-
known, and the treatment of appendix
tissue with inorganic phosphate, various
sugar phosphates, sugars, vitamins,
amino acids and cofactors has failed to
produce a similar response. But even
though the chemical nature of calorigen
is unknown, one may still seek to dis-
cover whether something in the external
environment triggers the production of
the trigger hormone. Looking through
the relevant literature, we found that
some investigators had speculated on
this point with reference to lords-and-
ladies, to its relative A. italicum and to
the large tropical arum Amorphophallus
variabilis. Inspired by these scattered
hints, we recently began to use the voo-
doo lily in a detailed study of the ques-

tion.

hus far we have conclusively proved

that, as the earlier investigators had
suggested, it is a factor in the external
environment that triggers the trigger.
This factor is light or, more properly,
variations in light. We turned night into
day and day into night in our labora-
tory. Instead of maintaining their usual
metabolic rhythm, the voodoo lilies ad-
justed to this reversal of the diurnal
cycle; the peak of appendix-heating and
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scent production took place at midnight
instead of noon. We kept some plants
in constant darkness during the days
preceding D day and even afterward;
they failed to flower at all. We kept
others constantly illuminated and found
that their response was more complex.
When the lighting was intense, normal
flowering was delayed and in some
cases completely suppressed. When the
lighting was more moderate, the plants
flowered normally but did so at random
times rather than reaching their normal
noontime peak. Finally, by exposing still
other plants to varying periods of alter-

nate darkness and moderately intense
light, we were able to determine the
minimum daily light requirement for
normal flowering. The requirement
proved to be about three hours of light
per day; this sufficed to trigger appen-
dix-warming, but the performance could
only be described as halfhearted.

At the same time that we demon-
strated the role of illumination in the
voodoo lily’s respiratory climax we also
encountered some new puzzles. Con-
sider, for example, the question of
which wavelengths of light have the
strongest effect in stimulating flowering.

GIGANTIC ARUM Amorphophallus titanum is native to the tropical highlands of Sumatra.
This specimen was raised to maturity in a Netherlands greenhouse in the early 1930’s;
standing beside it is the Dutch botanist Hugo de Vries, a pioneer student of plant mutations.
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One would expect that red light would
produce results distinctly different from
light of other wavelengths. It is known,
for example, that when phytochrome, a
substance that plays a role in many
flowering events, is exposed to far-red
light with a peak wavelength of 7,300
angstrom units, the treatment can abol-
ish the effects of previous exposure to
ordinary red light with a peak wave-
length of 6,600 angstroms, and vice
versa. We have exposed our voodoo
lilies to various wavelengths and gauged
the effect of each wavelength by mea-
suring the amount of carbon dioxide
produced by the appendix. So far no
clear-cut difference has been detected
between the action of one part of the
spectrum and that of another.

An experiment based on van Herk’s
discovery that the male flowers of the
voodoo lily are the apparent source of
calorigen also produced puzzling results.
We rigged one plant so that all the
spadix except the area bearing the male
flowers was kept in darkness; the male
flowers were exposed to a normal al-
ternation of light and darkness. As we
anticipated, the appendix heated up on
schedule. To provide a control for this
experiment, however, we had kept the
male flowers of other voodoo lilies in
continuous darkness and had exposed
the rest of each spadix to the normal
diurnal alternation of light and dark-
ness. We expected that in the control
plants heating of the appendix would
be suppressed, much as it had been
when van Herk cut off the plants’ male
flowers early enough. In some cases this
was the outcome but in a number of
others the appendix became hot any-
way. We can no more explain this result
than we can the apparent sameness of
the voodoo lily’s response to various
wavelengths of light.

As often happens in studies of this
kind, our experiments have both left a
number of old questions about the phys-
iology of the arums unanswered and
added new questions to the list. Never-
theless, one thing is certain: The plant
physiologist and the biochemist have in
the appendix tissue of the voodoo lily
and comparable members of the arum
family an invaluable experimental ma-
terial. Not only does the appendix dis-
play the most intense respiration known
among plants; it unleashes this burst of
energy only when it has received the
appropriate light stimulus. In all proba-
bility the voodoo lily is the best subject
in the entire plant kingdom with which
to study the physiology and biochemis-
try of light responses.
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SHORT-TERM MEMORY

Tests of how long mformation 1s retained and the circumstances

m which 1t 1s forgotten suggest that short-term and long-term

memory are closely related but involve some separate mechanisms

has recently been acquired, as any-

one knows who has failed to remem-
ber a name heard only a few minutes
earlier at a social gathering. Such for-
getfulness can be annoying, but it ap-
pears to have its uses. It might be dis-
tracting, for example, if one remem-
bered every telephone number one had
ever looked up. Considering all the in-
formation the memory does retain, it is
probably just as well that something like
an unfamiliar telephone number is re-
membered long enough for a single call
and then forgotten. Besides, new infor-
mation can usually be stored in the
memory without undue effort if one has
reason to think the material may be
needed again.

The common experience of forgetful-
ness on the one hand and retentiveness
on the other suggests that memory func-
tions in two distinct ways—on a short-
term basis and on a long-term one. For
purposes of discussion it is often con-
venient to speak of a short-term memory
and a long-term memory, although actu-
ally the two seem to be so closely re-
lated that they are described by some
investigators as two aspects of the same
phenomenon. Short-term storage serves
well for many occasions in daily life.
Long-term storage is, in fact, learning:
the process by which information that
may be needed again is stored for recall
on demand.

It is easy to forget information that

A number of psychologists and physi-
ologists who have investigated memory
have suggested that two mechanisms are
involved in it. One can be called an
activity mechanism: a single experience
gives rise to activity among neurons, or
nerve cells. The activity soon dies out if
the experience is not repeated. Here,
then, is the basis for short-term storage.
The second mechanism is structural
change: with repetitions of an experi-
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by Lloyd R. Peterson

ence some kind of relatively permanent
alteration occurs among neurons. This
is the basis of long-term storage. The
two mechanisms may be related in that
the activity mechanism presumably as-
sists in the production of the structural
change.

Psychologists have traditionally stud-
ied short-term storage by presenting a
sequence of digits to a subject and hav-
ing him attempt immediately to recall
them in the same order. The longest
sequence of digits he can repeat cor-

rectly measures his span of immediate
memory. Long-term storage has typical-
ly been studied by having a subject go
over a list of words or other material
repeatedly until he can recall the items
without error. Hours or days after he
has learned the list he is tested for recol-
lection of it. The percentage of recall
measures his long-term memory. Tests
of these two kinds have resulted in con-
siderable understanding of memory and
have led to the design of further ex-
periments intended to explore the re-

EXPERIMENTAL APPARATUS in the author’s laboratory at Indiana University enabled
the experimenter, who is at left in the photograph above, to show the subject various words
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lation between short-term and long-
term storage. Although these experi-
ments have provided some answers,
they have also raised some intriguing
questions that remain to be answered.

One type of experiment used to ex-

plore the relation between short-
term and Iong-term retention involves a
variation in the routine of the immedi-
ate recall of digits. The experimental
subject is presented with a sequence of
digits that is longer than he can be
expected to recall after a single presen-
tation. In a long series of these “super-
span” tests one sequence of digits is
repeated from time to time. Between
repetitions several other sequences are
presented and tested. For example, the
first sequence might be 978263147
after hearing it the subject attempts to
repeat it and then is given one or more
different sequences, each of which he
attempts to repeat immediately after
presentation. Now and then the first
sequence is repeated.

D. O. Hebb of McGill University de-
signed this experiment, which was later
elaborated by Arthur W. Melton of the
University of Michigan. Their objective
was to see if a single presentation leaves
any lasting trace. They reasoned that if

a single presentation caused nothing but
transient neural activity, succeeding
sequences would obliterate the activity.
If, however, the occasional repetition of
a given sequence amid several others
produced improvement in the recall of
that sequence, then even a single pre-
sentation must have caused some struc-
tural change.

Hebb, Melton and others who have
conducted this experiment have found
that the sequence was indeed recalled
with increasing accuracy the more it
was repeated. Improvement occurred
even when as many as five tests of new
sequences were given between two suc-
cessive repetitions. Beyond five there
was little evidence of improvement, and
up to five the rate of improvement
tended to decline as the number of in-
tervening sequences increased. Never-
theless, the finding of any improvement
at all when other sequences intervened
indicated that something more than
transient neural activity results from a
single presentation and test.

This experiment does not provide a
way to measure changes in memory with
time. Varying intervals of time separate
the presentation of an individual digit
from the recall of that digit. Undoubted-
ly the digit could have been recalled

immediately after it was presented. In
a long sequence, however, the digit
might be forgotten before testing. How
long was it retained?

To examine this question we devised
in our laboratory at Indiana University
an experiment in which we presented a
message of subspan length—a message
that could be recalled immediately with
complete accuracy—and introduced de-
lays between presentation and recall.
We chose the events of the delay inter-
val carefully to fit two specifications.
On the one hand we wanted to keep
the subject talking so that he would
have little or no opportunity to rehearse
the message. On the other hand we
wanted his activity during the delay
to be as different as possible from the
message in order to minimize confusion
between the two. In this way we could
plot a curve of forgetting for a single
short message over a period of time.

A typical experiment proceeded as
follows. The experimenter spoke a com-
bination of three letters that did not
constitute a word. Without any break
he spoke a three-digit number, and the
subject then counted backward rapidly
from that number. On a signal from the
experimenter the subject stopped count-
ing and tried to recall the three-letter

paired with digits or with other words and to test his ability to
recall the associations over varying periods of time. The middle
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photograph shows the apparatus as seen from the experimenter’s
side; the photograph at right,a typical exposure seen by the subject.
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TACHISTOSCOPE was used by George Sperling of the Bell Telephone Laboratories to
investigate short-term forgetting. For .05 second it showed arrays of letters such as those in
the illustration below. A musical tone then told the subject which four-letter row to report.

R L..H G
D H V N

V. C. M 6

L0 oI B X
R F N Y

S 4 B J

ARRAYS OF LETTERS shown in the tachistoscope included these. A tone of high pitch
told the subject to report the top row, of medium pitch, the middle row, and of low pitch,
the bottom row. The tone was helpful only if given within a second. The results suggested
that a factor in short-term forgetting is decay in the retention of newly acquired information.

message. We found that recall dropped
quite rapidly over an 18-second interval.
When subjects were told to say the mes-
sage aloud once or twice before count-
ing, their retention curves were higher
[see upper illustration at left on op-
posite page].

Bennet B. Murdock, Jr., of the Uni-
versity of Toronto and Melton have
conducted similar experiments in which
they found that the number of chunks
in a message is a significant variable. A
one-letter message is recalled very well
over fairly long intervals of counting.
The recall of a two-letter message is
poorer and of a three-letter message
poorer still. With each added letter the
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retention curve (based on fully correct
recall) is lower. As might be expected,
this finding holds true only for unre-
lated letters. If the letters form a famil-
iar word, retention of the word is as
good as that of a single letter. The
reason is that words have become units
through use.

Our experiments established that rap-

id forgetting occurs after a single
presentation of three unrelated letters.
What causes the forgetting? One factor
is undoubtedly competition from previ-
ous messages. A case can also be made
for a second factor that can be termed
spontaneous decay.

© 1966 SCIENTIFIC AMERICAN, INC

A contrast that appeared between the
results of delayed-recall tests using visu-
al presentation and the results of similar
tests using auditory presentation will
illustrate the point. In each case, as it
was found in experiments conducted by
Geoffrey Keppel of the University of
California at Berkeley and Benton J.
Underwood of Northwestern Universi-
ty, delayed recall on the first test of a
session was much better than that on
succeeding tests. With visual presenta-
tion, however, the entire curve was
higher than that resulting from auditory
presentation. In other words, a visual
presentation produced almost no for-
getting over an 18-second interval on
the first test and more forgetting on sub-
sequent tests, whereas an auditory pre-
sentation produced significant forgetting
even on the first test. The contrast sug-
gests that in the visual presentation in-
terference from previous tests was the
only source of forgetting but that in the
auditory presentation another factor
was at work to produce the relatively
poor showing on the first test. Presum-
ably the auditory presentation makes
less of an impression on the memory, so
that spontaneous forgetting occurs more
readily.

Further evidence for the conclusion
that earlier tests interfere with later
tests comes from the errors made in
delayed recall. A frequent error is the
intrusion of a single letter from one
message into the same position in the
recall of a succeeding message. On one
test, for example, the message might
be KQF; on the next test the message
is MHZ but the subject recalls MQZ.
Evidently a letter from the first message
has won out in competition with a letter
from the second, and this is indicative
of interference. A problem still unsolved
is why the intruding letter tends to re-
appear in its original position. Ap-
parently the memory somehow codes
the letter for position, and this charac-
teristic is retained in spite of failure to
remember other aspects of the context
in which the letter originally appeared.

The effect of competition from previ-
ous tests can be minimized in certain
ways, with results that throw light on
the process of retrieving a message from
storage. Consider a delayed-recall ex-
periment by Delos D. Wickens of Ohio
State University in which the naming
of colors was used as the intervening
activity to curb rehearsal. The first few
tests had digits for messages and re-
sulted in the typical decrease in ability
to recall as the tests progressed. Wick-
ens then switched to a test in which the
message consisted of three letters. On



the first test the recall was virtually as
good as it had been on the first test of
the digit message. Evidently the sub-
jects rejected intrusions from previous
messages—those with the digits—as being
of the wrong class, and so these mes-
sages did not interfere with recall of the
message containing letters. The subject
during retrieval remembers not just
digits and letters; he remembers also
that digits were not presented in the
current trial. This kind of information
is evidently useful in the organization
of memory.

In this connection it seems reasonable

to expect that the longer it has been
since a subject heard or saw messages
of one class, the less they will compete
with another message of the same class.
Previous messages should not interfere
if they have been forgotten. This sup-
position is borne out in delayed-recall
tests; the longer the rest interval be-
tween the end of one test and the begin-
ning of the next, the better the reten-
tion has been. Moreover, a long rest
interval results in fewer intrusions, such
as that in the example of the letter Q
from one message that appeared in the
effort to recall a later message.

This finding raises the question of
why the previous message weakens over
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PROPORTION RECALLED (PERCENT)

0 3 6 9
RETENTION INTERVAL (SECONDS)

IMPROVED RECALL occurred when subjects repeated aloud a
message of three unrelated letters before an interval of counting
backward followed by a test for recall of the message. The curves,
beginning at the bottom, represent zero, one and three repetitions.

EDGE 8 HOSE

COOK 5 EDGE 8
HOSE 4 COOK 5
SAW 7 JOKE 10

WORD-DIGIT PAIRS were used in lists such as this to test short-

term memory. The subject saw the pairs one at a time, beginning

a rest interval. The answer appears to
involve the spontaneous decay that I
believe to be a factor in short-term
memory. To the extent that short-term
memory is based on activity of the
neurons initiated by events in the out-
side world, it seems plausible that after
the events have changed or disappeared
the activity should diminish and eventu-
ally cease.

George Sperling of the Bell Tele-
phone Laboratories has investigated a
type of decay that is associated with
visual presentation. He tested recall of
messages presented by a tachistoscope,
a device that enabled him to limit the
duration of a visual message to .05
second. Subjects were required to give
only a partial report of a superspan
message. The experiment showed that
there is more information available to
a subject for a brief moment after pre-
sentation than he can report later.

Sperling’s apparatus presented letters
in an array four columns wide and three
rows deep. A tone of high, medium or
low pitch signaled to the subject which
four-letter row he was to report. When
this signal was given immediately after
the presentation, the row it identified
was reported with a high degree of ac-
curacy. When the signal was delayed by
a quarter of a second, the report was

40

20

PROPORTION RECALLED (PERCENT)

COOK APE 6
NOTE 2 LAW 9
NOTE MAD 3
BOAT 1 SAW 7
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less accurate. A delay of as much as a
second made the signal valueless in
aiding accuracy; the subject could not
report the signaled row with any more
accuracy than he showed in reporting
the three rows.

This rapid decrease in the availabil-
ity of the message strongly suggests a
decay factor in short-term storage. The
decrease occurred even though no inter-
fering events could be identified; the
subject just sat, waiting for a chance to
report. Probably this type of decay is
characteristic of storage near the sen-
sory organ. Perhaps the decay should
be considered a perceptual phenomenon
rather than an element in what is tra-
ditionally called memory; it occurs be-
fore the subject has had time to process
the message. Nonetheless, it is interest-
ing to have clear evidence of spontane-
ous decay in neural systems. It may well
be that decay is also characteristic of
neural systems more closely related to
memory.

Other experiments that indicate a
decay factor in short-term memory have
varied the rate of presentation and re-
call. In such experiments R. Conrad of
the British Medical Research Council
has found that in some circumstances
fast rates will produce better recall than
slow rates. It is difficult to interpret these

4 6 8

NUMBER OF INTERVENING EXPOSURES

SPACING between two presentations of the same pair of words af-
fected short-term retention. Presentations were either successive
(dark curve) or separated by eight seconds (light curve). Other
pairs filled the interval between second presentation and test.

BOAT 1 MAD 3
APE BOAT
LAW 9 JOKE 10
LAW SAW

with EpGE 8 and reading down. In a test a word was shown alone
and the subject attempted to recall the number associated with it.
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NUMBER OF INTERVENING EXPOSURES

TIME FACTOR in short-term retention appeared when rate of
presentation was varied. Paired words were shown every two sec-
onds (dark curve) or four seconds (light curve), with other pairs
filling the interval before test. Fast rate produced better recall
with one intervening event; slow rate, with from two to six events.

findings except in terms of decay. In the
learning of lists a slow rate of presenta-
tion results in better learning than a fast
rate, given an equal number of presen-
tations. Furthermore, a longer time for
recall should increase the chance of a
correct response. Both considerations
favor slow rates over fast ones. The fact
that the faster rate produces better
short-term recall indicates that at the
slow rate the factor of decay with time
has overridden the advantages of slow
presentation and recall.

To sum wup, short-term forgetting
seems to be caused by two factors: in-
terference from similar messages and
decay. In most situations the effect of
competing messages is so strong that it
obscures any evidence of decay. An
analogy can be drawn with the disap-
pearance of an ice-cream cone in the
hands of a small boy on a warm day.
Undoubtedly the temperature contrib-
utes to the disappearance by causing
some melting, but this effect is insig-
nificant compared with that of the boy’s
appetite and enthusiasm. In short-term
memory interference from other mes-
sages is the prime source of forgetting.
It requires a special situation for the
decay factor to be clearly observed.

rFhe experiments described thus far

provide good evidence that inter-
ference plays a strong role in short-
term forgetting and that repetition im-
proves short-term retention. Because
the same factors produce similar effects
in the learning of lists—that is, in long-
term retention—Melton has suggested
that short-term and long-term retention
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are regions on a continuum. In this view
there is a single underlying mechanism
for both kinds of retention, and hence
the effect of a single presentation can
be described as the simplest kind of
learning.

Several other investigators believe
the situation is somewhat more complex
than the single-mechanism argument
suggests. They do not deny that learn-
ing occurs with a single presentation,
but they suspect that a short-term stor-
age mechanism operates in addition to a
learning mechanism. The presence of a
decay factor in short-term forgetting is
considered to be one type of evidence
for the existence of a short-term storage
mechanism. This conclusion follows
from the consideration that learned
messages—those that are in long-term
storage—do not appear to decay with
time.

Another indication that memory is
more complex than the single-factor in-
terpretation suggests can be found in a
variation of the usual type of cued-
recall experiment. Normally in such
an experiment the subject is repeatedly
shown a list of pairs of words. Suppose
one of the pairs is HANDLE-TREE. On a
given test of Ieaming HANDLE appears
first—as a cue—and the subject is given
a moment to see if he can recall TREE.
He makes his response and then is
shown HANDLE-TREE together again.
The proportion of correct responses on
successive trials provides an index of
the subject’s progress in learning.

Such an experiment is usually thought
of as a measure of learning, but it can
also be regarded as a measure of reten-
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8 16 24
TIME (SECONDS)

RISING CURVES appeared when subjects tried to recall pairs of
words after presentation of a list followed by varying intervals of
digit-reading. The entire curve (dark curve) is shown for the fifth
and last pair; for the first (broken curve) and third (light) pairs the
drop is assumed to have occurred before the digit-reading began.

tion. The interval of retention is the
time since the word being tested (TREE)
was shown on the preceding trial; typi-
cally the interval will range from 15
seconds to several minutes. Experiments
in short-term retention include tests at
intervals within this range and also
tests at much shorter intervals. Such ex-
periments can be considered as testing
both short-term memory and learning,
or long-term memory. In this light the
experiments in short-term retention of
paired words might be expected to pro-
vide information not only on learning
but also on the relation between learn-
ing and short-term memory. If variables
such as rate of presentation and spacing
of tests have an effect on the early por-
tion of the retention curve that is dif-
ferent from that on the later portion,
then one can infer differences between
short-term memory and learning.

It was against this background that
several investigators undertook to modi-
fy the standard type of cued-recall ex-
periments by making them miniature
paired-associate tests. Murdock tried
varying the number of pairs of words.
He presented a list once and tested for
some member of the list by showing one
member of a pair as a cue. In general,
the more pairs in the list, the lower the
asymptote, or leveling-off point, of the
retention curve. Interestingly enough,
however, the initial slopes of the curves
were similar regardless of how many
pairs Murdock showed. In other words,
the variable—the number of pairs—af-
fected the later part of the curve but
not the earlier part. It seemed to affect
learning rather than short-term memory.



In a similar experiment repetitions of
pairs were found to raise the asymptote
of the retention curve, but again the
initial slope was not significantly af-
fected. Then the duration of presenta-
tions was varied, and this variation too
exerted its most pronounced effect on
the final portion of the curve. The effect
of all these experiments was to provide
more evidence that the single-mecha-
nism explanation of short-term and long-
term memory does not go far enough.

\Vf e have found an even more striking

/ discrepancy between the effect of a
variable on the early part of a retention
curve and its effect on the later part.
In this case the variable was the spac-
ing interval between two presentations
of the same pair. Sometimes we gave
the second presentation immediately
after the first; sometimes we put several
other pairs or tests between the two
presentations. In both cases the reten-
tion interval from second presentation
to test was filled with verbal material of
the same class.

Forgetting occurs rapidly in this situ-
ation because of the large amount of
interference from other pairs. For this
reason it might be predicted that the
effect of the first presentation would
be strongest when it was immediately
followed by the second presentation. In
the case where other pairs separate the
two presentations it would seem that
forgetting between the first and the
second presentation should reduce the
cumulative effect of the two presenta-
tions. Such forgetting is invariably
shown if a test is given instead of a
second presentation after a spacing in-
terval.

These commonsense predictions turn
out to be true only for the early part of
the curve that measures retention after
the second presentation. Spaced presen-
tations do produce poorer recall if only
one or two events fill the retention inter-
val, but with more events the curves
cross [see upper illustration at right on
page 93]. Thereafter the spaced presen-
tations are recalled better than those
that were not spaced.

The significance of these spacing
studies is twofold. First, the fact that

the curves cross suggests that there is
something different about recall when
one or two events have intervened be-
tween second presentation and test and
recall when more events filled that
interval. One storage system would
seem to dominate recall in the first case
and another in the second. Although a
learning mechanism is evidently assist-
ing in both early and late retrieval, the
early retrieval appears to have in ad-
dition the assistance of a short-term
storage process.

The second point concerns the higher
effectiveness of spaced presentations
rather than of successive presentations
at the longer retention intervals. The
explanation of this phenomenon may be
that the second presentation has a dif-
ferent effect in a successive situation
than it does in a spaced situation. The
subject may pay less attention to a pair
he has just seen than to one that oc-
curred earlier. Another possibility is
that the long-term effect of the first
presentation has time to consolidate
during the spacing interval. This is one
of the questions that goes unanswered.
It remains a paradox that in order to
remember something better you should
allow some forgetting to occur.

A crossing of curves also appeared in
some experiments we conducted involv-
ing changes in the rate of presentation
and test. In these experiments pairs of
words were presented at either a two-
second rate or a four-second rate; vari-
ous pairs in each block were tested
after from zero to six intervening ex-
posures of other pairs. A sample block
of exposures appears in the illustration
below. In that sample the third pair
presented is FACE—aRMY. After one in-
tervening pair (car-aPPLE) the word
FACE is shown to the subject again to
see if he remembers its associate, ARMY.

In these experiments the fast rate
was found to produce better recall with
one intervening exposure, whereas the
slow rate produced better recall when
from two to six events intervened [see
illustration at left on opposite page].
Evidently, then, time is a factor in the
relation between short-term and long-
term memory and must be regarded as
a significant variable along with the

number of intervening events. Thus
these experiments provide another bit
of evidence that there is a decay factor
in short-term memory.

N intriguing question that so far can

be answered only speculatively in-
volves retention curves that rise. In one
of our experiments we presented a list
of pairs once and tested for recall at pe-
riods ranging from zero to 24 seconds.
If the test did not follow the presenta-
tion immediately, the subject filled the
interval by reading digits aloud as rap-
idly as possible. On these cued-recall
tests pairs from the first part of the list
were recalled better after 24 seconds of
digit-reading than they were immediate-
ly after presentation of the list. Pairs
from the last part of the list showed first
a decreasing retention curve and then
a slight increase [see illustration at right
on opposite page].

Undoubtedly each pair at the begin-
ning of the list could have been recalled
with complete accuracy if the subject
had been tested on it right after it was
presented. It is also clear that the avail-
ability of these pairs must have declined
during presentation of the succeeding
pairs. This picture of declining recall
followed by increasing recall suggests
several factors interacting in short-term
and long-term retention.

The surprising fact is not that for-
getting occurs soon after presentation
but that the retention curve subsequent-
ly rises. The rapid forgetting could be
ascribed to the short-term memory and
the rise to the long-term memory. Even
so, a question remains. Why should
there be any rise?

Perhaps there is a characteristic of
the retrieval process that enables it to
work more efficiently after an interval
of irrelevant activity. A related possi-
bility is that recall itself is a disrupting
process, tending to interfere with stor-
age activities. If so, then the passage of
time may allow some consolidation of
information to take place so that the
memory is less easily disrupted. We
hope that further experimentation will
clarify situations such as this one and
lead to an improved understanding of
human thought processes.

HOUSE-ITEM FACE CLUB-BARN SIGN-HAIR
BROOK-TOOTH ARM-BOOK ARM CHECK-DOOR
FACE-ARMY TABLE-EYE EGG-BOTTLE CLUB
CAR-APPLE HORSE-MOON EGG WORM-TREE

PAIRED WORDS in blocks such as this were used in the tests in-
volving changes in the rate of presentation. Pairs were shown to the
subject one at a time at either a two-second or a four-second rate.
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The first two pairs were dummies. Tests for recall, such as that
involving the associate of FACE, were given either immediately or
after the presentation of from one to six other associated pairs.
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BORON CRYSTALS

X-ray analysis of the crystals formed by boron and its compounds

has turned out to be fruitful ])eyond expectations and has led to

a considerable extension of the concepts of structural C.’hemistry

by Don B. Sullenger and C. 1. L. Kennard

oron is an old chemical acquaint-
B ance that in recent years has be-
come something of a prodigy. In
the forms of borax and boric acid it has
long been known for its household and
industrial uses. A new appreciation of
the element began to develop early in
this century when the German chemist
Alfred Stock and others found that it
could form unusual compounds. In the
past 25 years boron has aroused increas-
ing interest among investigators in
chemistry and physics. It has lent itself
to an entire constellation of important
new substances, and the element itself
has become a prominent factor in new
technologies. Within the past decade
boron has also emerged in a more basic
role: the elucidation of the three-dimen-
sional spatial arrangements of the atoms
in its compounds has led to a consider-
able extension of the concepts of struc-
tural chemistry.

This article is an account of the
results of some of these structural
studies. An earlier article in Scientific
American has described boron’s chemi-
cal history and uses [see “Boron,” by
A. G. Massey; January, 1964]. We shall
merely review a few salient facts that
are pertinent to our account. Boron,
the fifth element in the periodic table
(occupying the position between berylli-
um and carbon), is a nonmetal that is
low in chemical reactivity at ordinary
temperatures (if it is not too finely di-
vided). In its crystalline state, although
it is less dense than aluminum, it is
stronger than steel and as hard as Car-
borundum. It is opaque to visible light
but transparent to infrared radiation.
It has a high melting point (2,100 de-
grees centigrade) and remains a liquid
only within a narrow temperature range,
vaporizing at 2,400 degrees. It is a
poor conductor of e]ectricity at normal
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room temperatures, but the conductivity
increases remarkably with increasing
temperature.

Boron reacts readily with oxygen at
higher temperatures, and it is found in
nature only in oxygen-containing com-
pounds. About 100 of these are known;
they are chiefly borates (salts) and boric
acid. In overall abundance boron is not
a common element (it constitutes only
one atom in every 2,000 in the earth’s
crust), but this scarcity is mitigated by
its concentration in the salts of ocean
waters and the dry beds of ancient in-
land seas. Deposits of borax, the hy-
drated sodium salt of boron (Na,B,
O; - 10H,0), occur in many places, no-
tably in the Middle East, and boric acid
has been found in high concentration
in volcanic vapors of the Tuscan region
of Italy. During the 19th century the
Stassfurt deposits in Germany provided
the world’s major source of boron in
the form of boracite, a compound of
boron, magnesium, chlorine and oxygen.
Today more than half of the world’s
supply of boron comes from the Mojave
Desert of California, where the element
is mined in the form of the mineral
kernite (Na,B,0; - 4H,0).

Borax and its derivatives have a wide
variety of uses: as a water-softener, a
welding flux, a rust-inhibitor, a house-
hold bleach, a chemical agent serving
various purposes in textile dyeing,
printing, leather processing and other
industries, and as the basis for manu-
facturing the tough and durable Pyrex
glass. The last is boron’s principal pres-
ent use. Borax is also useful in the labo-
ratory as an analytical reagent for the
identification and measurement of vari-
ous substances.

When nuclear technology developed,
boron quickly achieved prominence be-
cause its stable isotope boron 10 (which
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constitutes approximately 20 percent of
the natural boron) was found to be an
excellent absorber of thermal, or slow,
neutrons. Thus it was put to use in
control rods and shielding for reactors.
In rocketry boron has attracted much
interest because its compounds combine
low mass with a high energy yield as
fuels. So far high cost and certain tech-
nical difficulties have restricted the utili-
zation of boron in fuels, but perhaps
these drawbacks will ultimately be re-
moved. Other possibilities seem more
immediately hopeful. They include the
use of boron or boron compounds as
materials for windows transparent to
infrared radiation, for semiconductors
that will operate reliably at high tem-
peratures and for electrical generators
of the thermoelectric type.

et us now examine the basic structur-
al nature of boron and its com-
pounds. In modern chemistry no solid—
whether it be an element, a compound
or a complex organic substance such as
a protein—is considered to be genuine-
ly known until it has been crystallized
and its structure determined, usually
by means of X-ray diffraction [see “The
Three-dimensional Structure of a Pro-
tein Molecule,” by John C. Kendrew;
ScieNTIFIC AMERICAN, December,
1961]. The X-ray analysis of boron and
its compounds has turned out to be
fruitful beyond expectations. In general
it began with studies of compounds
containing a relatively small proportion
of boron and went on to those in which
boron was more and more dominant.
This sequence of studies showed that
boron imposes peculiar and complex
effects on the structures in which it is
present. With increasing boron content
the crystal structures become increas-
ingly intricate, culminating in an extra-



ordinarily complex symmetry when the
crystals consist of the element alone.

For the analysis of crystal structure
by X-ray diffraction one needs well-
formed single crystals of considerable
size—at least a tenth of a millimeter in
diameter. Such crystals were not easily
obtained in the case of boron. The early
methods used to purify boron and its
compounds did not yield specimens of
sufficient size or purity. The first crystals
to fulfill the requirements were pro-
duced in the 1940’s by A. W. Lauben-
gayer and his students at Cornell Uni-
versity. They passed a mixture of a
vaporized boron compound and hydro-
gen over a hot metal filament (the metal
being tungsten, tantalum or niobium).
The hydrogen reduced the compound,
and crystalline elemental boron was de-
posited on the filament. Since then other
methods for preparing good small crys-
tals have been developed. For exam-
ple, by dissolving boron to saturation
in molten platinum and then cooling
the melt, another form of boron is pre-
cipitated in a pure, crystalline state.
A third crystalline form of boron can be
obtained by melting the powdered ele-
ment in a vacuum and then cooling it
under carefully controlled conditions.

Not until about 1950 were materials
and techniques available for systematic
investigation of the structure of boron-
containing crystals. Indeed, boron was
the last common solid element to resist
having any of its forms structurally elu-
cidated. One of the first to publish sig-
nificant findings in this regard was Ro-
land Kiessling of Sweden. He studied
borides of various metals, and he found
that when the ratio of metal atoms to
boron atoms in the crystal is three or
more to one (as in the nickel boride
NizB), the boron atoms are distributed
essentially as isolated atoms between
layers of the metal atoms. The general
structure, with the metal atoms of each
layer arranged in alternating squares
and isosceles triangles, is of a classic
type exemplified by the iron carbide
(Fe,C) called cementite [see “a” in
illustration on next page]. As the illus-
tration shows, the boron atoms lie in
prismatic pockets between the super-
posed triangles. In some cases (includ-
ing the nickel and cobalt borides) the
array of metal atoms is distorted from
the perfectly regular rows of squares
and triangles.

When the ratio of metal atoms to bo-
ron atoms is reduced to two to one, as
in the iron boride Fe,B, the picture
changes. In most of these borides the
metal atoms of each layer are still ar-

PLASMA TORCH at the Mound Laboratory, which is operated by the Monsanto Chemical
Company for the Atomic Energy Commission, is used by one of the authors (Sullenger)
and his colleagues to prepare microcrystals of pure boron for X.ray analysis. Pulverized
boron is dropped into the apparatus through the small tube at top; as the boron passes
through the region inside the induction coil, where an argon plasma with a gas temperature
as high as 20,000 degrees Kelvin (degrees centigrade above absolute zero) is maintained,
the boron particles are heated by energy absorbed from the excited argon atoms. Most of the
powdered boron melts at the temperature it attains, and some even vaporizes, producing a
glowing green tail to the flame. As the microcrystals that have resolidified from the melted
droplets or condensed from the vapor fall through the lower, cooler part of the flame, they
form bright red and yellow streaks, several of which are visible in the photograph. The
microcrystals then fall into the spherical flask at the bottom, where they are collected.
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SIX BORIDES, compounds containing boron atoms (color) and
metal atoms (gray), are represented here in order of increasing
boron content. When the ratio of metal atoms to boron atoms is
three or more to one (a), the boron atoms are distributed essen-
tially as isolated atoms between layers of the metal atoms. The met-
al atoms in each layer are arranged in alternating squares and isos-
celes triangles, with the boron atoms lying in prismatic pockets
between the superposed triangles. When the ratio of metal atoms to
boron atoms is reduced to two to one (b), the metal atoms of each
layer are still arranged in alternating squares and triangles, but
each layer is rotated by 45 degrees with respect to the next one; the
boron atoms are centered between the squares. In compounds with
a three-to-two ratio of metal atoms to boron atoms (c) the boron
atoms become paired at closer distances. In the case shown here,
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where the metal atoms are of two different sizes, the large metal
atoms form layers with the triangle-square arrangement; the small
metal atoms (white) lie between the superposed squares of the
layers, and the boron atoms are positioned between the superposed
triangles. In borides in which the ratio of boron atoms to metal
atoms is one to one (d) the boron atoms are arrayed in zigzag chains
between the layers of metal atoms. When the boron atoms outnum-
ber the metal atoms two to one (e), the boron atoms form layers
between the metal atoms; they are arrayed in a hexagonal pattern in
their layer, whereas the atoms in the metal layer form a close-
packed hexagonal network. When the ratio of boron atoms to metal
atoms is four or more to one (f), the boron atoms are no longer
arrayed simply in flat layers between metal layers but are linked
up in three-dimensional structures in spaces between metal atoms.
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ranged in alternating squares and tri-
angles, but each layer is rotated by 45
degrees with respect to the next one, so
that the squares of the successive layers
are not eclipsed. The boron atoms are

centered between the squares [see “D” <A '

in illustration on opposite page]. In b 7 & :

these compounds the boron atoms are ' -

still not directly linked by chemical

bonds in the usual sense; they are nearly .

as far from one another as they are from NG ( _ (
— *

the metal atoms that surround them.
At the next level, in compounds with

a three-to-two ratio of metal atoms to

boron, the boron atoms are paired at

closer distances. In the case where the p- e e :
metal atoms are of different sizes (dif-  / (Y

ferent in atomic radius), two of them I,"( '

being larger than the third, the large \

metal atoms form layers with the tri- .

angle-square arrangement. The small ~

metal atoms lie between the superposed
squares of the layers and the boron
atoms are between the superposed tri-
angles, thus lying closer together [see
“c” in illustration on opposite page].
In borides in which the ratio of metal
to boron atoms is one to one (for exam-
ple the iron boride FeB) the structure
is still fairly simple, with the boron
atoms arrayed in zigzag chains between
the layers of metal atoms [see “d” in il-
lustration on opposite page]. Thereafter
a new complexity begins to develop. In
compounds in which the boron atoms

outnumber the metal atoms two to one o & /‘
the boron atoms form layers between A »

SIX-TO-ONE RATIO of boron atoms to metal atoms results in a boride structure in which
the boron atoms form aggregates, or units, in the shape of a regular octahedron; these units
are positioned at the corners of successive cubes with a metal stom at the center of each cube.

the metal layers; they are arrayed in a
hexagonal pattern in their layer, where- f
as the atoms in the metal layer form a

close-packed hexagonal network [see “e” /_

in illustration on opposite page]. The

hexagonal boron pattern in these com- X /_\

pounds is like that of the layers of car- 1 /

bon in graphite. The structure of the ' !

diborides is typified by the compound

with aluminum (AlB,); boron forms

similar compounds with titanium, zir- _ :

conium, niobium, tantalum, vanadium, _ \, _/ i /—

chromium, molybdenum, uranium, mag- | . [

nesium and many other metals. ' /
In any democratic society, when the

minority becomes the majority it be- / A :

gins to impose its own character or / /

predilections on the society. So it is '

with boron: as its atoms gain greater .

numerical superiority in its compounds, N\

boron exercises increasing dominance A

over the structure. When the ratio of

boron to metal atoms is four or more

to one, the boron atoms are no longer

arrayed simply in flat layers between

the metal layers but are linked up i TWELVE.TO-ONE RATIO of boron atoms to metal atoms results in a boride structure in

three-dimensional ~structures in the  hich the boron groups take a many-sided shape called the semiregular cube-octahedron,

spaces between the metal atoms [see “f”  which roughly resembles a sphere. The boron aggregates pack together with metal atoms in
in illustration on opposite page]. In the much thesame way that sodium and chlorine atoms are packed in crystals of commeon salt.
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case where the ratio is six boron atoms
to one metal atom, the boron atoms form
aggregates, or units, in the shape of a
regular octahedron, and these units are
located at the corners of a cube with
a metal atom at the center [see top illus-
tration on preceding page].

In metal borides composed of 12 bo-

ron atoms for every metal atom, the
boron groups take a many-sided shape
called the semiregular cube-octahedron,
which roughly approaches a sphere. In
these crystals the approximately spheri-
cal boron aggregates pack together with
the spherical metal atoms in much the
same way that sodium and chlorine

ions are packed in the crystals of com-
mon salt [see bottom illustration on pre-
ceding page]. Finally, in other com-
pounds containing a high proportion of
boron the aggregates of boron atoms are
commonly observed to organize them-
selves in an even more symmetrical
three-dimensional form: the regular

b

RHOMBOHEDRAL UNIT CELLS are characteristic of several bo-
ron compounds. In a the bare outline of one of these cells is shown.
In the rest of the cells the chemical bonds between atoms have been
omitted for clarity. In b, a unit cell of boron carbide (B;,C,), the
carbon atoms (black) are located along the major cell diagonal,
one at the center and the other two equidistant from it in opposite
directions. Twelve boron atoms can be regarded as belonging to the
cell; six are wholly within it (vertical colored hatching), and 24
others (color) are placed along the 12 cell edges so as to divide
each edge into thirds. Each of these 24 atoms is shared by four
rhombohedral cells, in effect contributing six more boron atoms to
each cell (see illustration on opposite page). The structure in c is
typical of a group of compounds in which the boron atoms out-
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number the other atoms 13 to two. (Such compounds can be formed
with phosphorus, arsenic, silicon or oxygen.) A single boron atom
is at the center of the cell, with two of the other atoms (black)
flanking it along the cell diagonal. In d boron atoms and silicon
atoms (black) combine in the ratio of 2.89 to one. Only two sili-
con atoms are along the diagonal; other silicon atoms are substi-
tuted at random in the boron positions inside the cell. In e, a boron-
sulfur compound with the chemical formula B,,S, a single sulfur
atom (black) is at the center of the cell, and the boron atoms are
arranged as in b and c. The pure-boron structure in f is called the
alpha-rhombohedral form (also see top illustration on page 105).
There are no atoms along diagonal,but connections are made across
diagonal by means of “delta” bonds (horizontal hatched triangles).
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icosahedron, a figure with 20 equilateral
triangular faces, 12 vertexes and 30
edges. This array is closely related topo-
logically to the cube-octahedron, and
perhaps one structure is changed to the
other by the influence of other atoms
present in the crystal.

Surveying the effects of increasing
boron content, we can see the boron
atoms progressively organized in more
and more complex arrangements, from
isolated atoms to two-dimensional net-
works to three-dimensional, many-sided
forms contained in closely connected
three-dimensional networks. Boron’s
propensity for forming remarkable struc-
tures is typical not only of its combi-
nations with metals but also of its
compounds with other elements. With
nitrogen, for example, boron has been
found to combine in three different BN
structures, one layered in a hexagonal
pattern similar to that of graphite and
the other two three-dimensional [see
illustration on next page]. In both three-
dimensional forms each boron atom and
each nitrogen atom is tetrahedrally sur-
rounded by atoms of the other species,
but the two forms are connected to-
gether differently to give in one case a
cubic cell and in the other a hexagonal
cell. In a compound with carbon con-
taining four boron atoms to each carbon
(B15Csy) the boron aggregates, in the
form of icosahedrons, make up unit cells
in the shape of a rhombohedron, with
the boron icosahedrons connected to
three-atom carbon chains [see illustra-
tion at right]. This rhombohedral lattice
turns out to be used in various com-
pounds, with other atoms substituted
for carbon. Among these crystals are a
boron phosphide (B;3P.), boron silicide
(B4;Siy;), boron sulfide (B;,S) and even
a form of boron alone, with the posi-
tions of the other atoms simply left
vacant [see bottom illustration on oppo-
site page].

In recent years investigators have
worked out the structures of some of
the boron-hydrogen compounds—the
boranes, or boron hydrides—that the pi-
oneer Alfred Stock first produced dec-
ades ago. In these compounds a hydro-
gen atom, which normally can attach
itself to only one other atom, is some-
times linked to two boron atoms by
sharing their electrons. Using revolu-
tionary ideas in X-ray diffraction analy-
sis to overturn erroneous notions from
chemical evidence about the spatial ar-
rangement of atoms in the molecule of
decaborane (B;,Hyy), J. S. Kasper, C. M.
Lucht and David Harker at the General
Electric Research Laboratory found that

ANOTHER VIEW of a rhombohedral unit cell of boron carbide (B;,C,) illustrates how
the boron atoms are shared with adjacent cells. The boron groups are in the shape of icosa-
hedrons, three of which are shown here in typical positions. Other bonds have been omitted.

this molecule has the form of a regular
icosahedron that is not quite complete.
Two positions are unfilled because there
are only 10 boron atoms in the molecule

instead of 12.
By this time a reader may well be
wondering about all this emphasis
on the details of structure. Apart from
the intrinsic interest of the subject,
these details have basic significance
with respect to the properties of any
material. Even more than is the case
with most other elements, the physico-
chemical characteristics of boron and its
compounds are strongly dependent on
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structure. This is dramatically illustrated
by boron nitride (BN). In its usual form,
composed of alternating layers of boron
and nitrogen atoms in hexagonal arrays,
the compound is a soft white substance
with a high melting point and great
chemical stability. Under high pressure
(45,000 atmospheres) and high temper-
ature (15,000 degrees C.), however, the
atoms can be restructured into three-
dimensional cells, and in that form the
compound is converted to a very hard
material (nearly as hard as diamond and
able to withstand high temperatures
even better than diamond) that is a
transparent white when free of crystal
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defects and sometimes yellow when im-
pure. The transformation is almost as
striking as the conversion of carbon
from the graphite to the diamond form.

Thus far we have been considering
boron in its combinations with other
elements. Let us now focus on boron
itself in its pure forms. Of the several
different crystal types that have been
discovered the structures of three have
been analyzed. All of them are com-

BORON AND NITROGEN combine to form three different boron-
nitride (BN) structures, one layered in a hexagonal pattern similar
to that of graphite (a) and the other two three-dimensional. In b
the boron and nitrogen atoms are arranged in unit cells called face-
centered cubes; in ¢ the unit cells are hexagonal. Both b and ¢ are
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posed largely of icosahedral units (or
aggregates closely related to the ico-
sahedron), but they differ in the ar-
rangement of the icosahedrons. One
form, first prepared by Laubengayer
and his group at Cornell by reducing
boron tribromide with hydrogen and
depositing the boron on a metal filament
at 1,200 degrees C., is a black crystal
composed of cells consisting of four
boron icosahedrons plus two single
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boron atoms per cell in a tetragonal ar-
rangement [see bottom illustration on
opposite page]. Its structure was deter-
mined by J. L. Hoard and his students,
also at Cornell. The second form, pre-
pared at the General Electric Research
Laboratory by two methods (depositing
the boron on a hot filament at a some-
what lower temperature or crystallizing
it from solution in molten platinum),
consists of similarly oriented regular

produced under conditions of high pressure and temperature. The
structure in a is a soft white substance with a high melting point
and great chemical stability. Structures b and c are very hard mate-
rials (harder even than diamond) that are a transparent white when
free of defects. Boron atoms are in color, nitrogen atoms in gray.



icosahedrons organized in rhombohedral
cells [see top illustration on page 105].
The crystals are red. This type has been
named the alpha-thombohedral form,
because a second version that has cells
in the rhombohedral shape (named beta-
rhombohedral) has also been produced.
Recently the beta-thombohedral form
was analyzed at Cornell. After an exten-
sive investigation under the guidance of
Hoard, its structure was determined by
a team consisting at various times of the
authors of this article, R. E. Hughes,
D. E. Sands and H. A. Weakliem. The
crystal cell in this case is a complicated
structure containing a total of 105
atoms, variously organized in simple
icosahedrons and icosahedrons fused
into 28-atom groups surrounding a lone (=)
atom in the center [see bottom illustra-
tion on page 105]. Fairly large “holes”
exist in this structure, and there is evi-
dence that some of them are filled, the
degree of filling probably varying from
specimen to specimen. This form of bo-
ron can be prepared reliably in various
ways and perhaps will become the most
important one for teChnOlogical use. It DECABORANE MOLECULE (B, ,H;,) has the form of a regular icosahedron that is not
offers the possibility that it may be ther- (uite complete, two positions (broken circles) being unfilled (since there are only 10 boron

modynamically stable at all tempera-  atoms in the molecule instead of 12). Boron atoms are in color, hydrogen atoms in black.
tures.

We have seen that the icosahedron
(or a closely related structure)
dominates most of the crystal structures / ]
dictated by boron, including the struc- ‘
tures of metal borides, boron hydrides oo AR R o
and boron itself. Why does this geo-
metric form play so central a part? For
a partial answer we must look more
closely into the details of its geometry.
The icosahedron has a strange kind
of beauty arising from its perfect but
complex symmetry. Let us digress for
a moment to consider the meaning of
symmetry. Basically it embodies two
qualities: balance and efficiency. Aes-
thetically we find pleasure in the bal- I
ance of a well-composed painting, the |
rotationally related facets of a gemstone, |
the repeating pattern of a wallpaper, the |
|
|
1
|

symmetrical shape of a flower. Living
organisms exhibit the efliciency of sym-
metry in almost innumerable examples,
from the hexagonal cells of the honey-

comb built by a bee to the bilateral P i —_— — I\
structure of the human body, one half g
of which is essentially a mirror image of

the other. The farmer makes maximum
use of his land by planting his corn in
square arrays; the orchardist, by laying
out his trees in parallel rows.

The symmetry of the icosahedron can  TETRAGONAL BORON, one of the three well-known crystal forms of pure boron, is pro-
be understood at a first approximation  duced at about 1,200 degrees Kelvin. Its cells, each consisting of four 12-atom icosahedrons
by Considering the g]obe of the earth. and a single atom at the center, have a tetragonal form like a somewhat flattened cube.
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On this sphere the city of New York is
located at 41 degrees north latitude and
74 degrees west longitude; at the same
position in the Southern Hemisphere,
41 degrees south and 74 degrees west,
is the city of Castro in Chile. At the
Equator each city is a mirror reflection,
geometrically speaking, of the other. To
change the perspective, if we could look
along the axis from New York through
the center of the earth, we would find
the Australian city of Perth at the other
end of the axis; thus the two cities are
opposite vertexes of a symmetrical fig-
ure. From another point of view, sup-
pose we fly around the globe in the east-
west direction in five equidistant hops
beginning and ending at New York. The
stopping places in such an event are said
to be related to New York by fivefold
symmetry.

An icosahedron has three kinds of ro-
tational symmetry. It is a figure of 20
equilateral triangular faces with a total
of 12 vertexes. Each vertex is related
through a center of inversion to another
vertex. If we stand the icosahedron on
one vertex and look down through the
figure from the opposite vertex, we see
that this is an axis of fivefold rotational
symmetry; if we stand the figure on an
edge, we look along an axis of twofold
symmetry; standing the figure on one of
its faces, we see a threefold symmetry
[see top illustration on page 106]. In
any of these views one can see that a
hypothetical mirror rising vertically out
of the page toward the observer in any
of several orientations would in prin-
ciple reflect half of the figure into the
other. In other words, we are dealing
with a figure that permits various sym-
metrical arrangements. If we numbered

the 12 vertexes, we would find that 120
distinct orientations are possible.

We are now in a position to under-

stand how geometrical factors
help to shape the three well-known
forms of boron crystals: alpha-rhombo-
hedral, beta-thombohedral and tetrag-
onal. As a basic premise we can as-
sume that under the given conditions
in each situation the crystal will take
the form that maximizes symmetry and
compactness and still maintains certain
bonding arrangements. How, then, will
groups of boron atoms bonded in the
icosahedral arrangement, each contain-
ing 12 atoms, pack together to fulfill
these criteria?

Since the icosahedron closely approx-
imates a sphere, we can begin by con-
sidering the ways in which identical
spheres can be packed most densely. In
a single layer the densest arrangement
is the one in which they nestle together
with each sphere touching six others.
There are then two ways the layers can
be packed on one another. One is called
cubic close-packing, the other hexagonal
close-packing [see illustration below].

When icosahedrons are packed in the
cubic close-packing array, the unit cells
they form have the rhombohedral shape,
because the successive layers are slightly
shifted with respect to each other. This
is the packing that characterizes the
alpha-rhombohedral type of boron crys-
tal. The cell has a threefold symmetry
along the long diagonal of the rhombo-
hedron, but it lacks most of the other
symmetries that belong to a cube. To
date no boron structure based on hex-
agonal close-packing has been found,
although such a structure was postu-

A—

CLOSE-PACKING of identical hard spheres can be achieved in the two ways shown here.
In cubic close-packing (left) every fourth close-packed layer is superposed directly over the
bottom layer. In hexagonal close-packing (right) every third layer is directly over the
bottom layer. In this vertical overhead view the two kinds of close-packing can be imagined
as two different methods of piling cannonballs on the courthouse lawn; on the same tri-
angular base the three-layered pile at left contains 31 balls, whereas the three-layered pile
at right contains only 28 balls. The two kinds of packing have the same density of balls but
different arrangements. The black cross-hatched balls are in the uppermost layerin each pile.
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lated and some implications of its ar-
rangement were investigated some years
ago by W. N. Lipscomb, Jr., of Harvard
University.

In the beta-rhombohedral form of
boron, 12 icosahedrons are packed ico-
sahedrally around a 13th icosahedron,
so that the overall assembly has the
same symmetry and orientation as the
core icosahedron. These “supersets” of
156 boron atoms are in turn tied to-
gether in a complicated fashion that
merges three of the peripheral icosa-
hedrons (one from each of three large
units) by means of a sharing of faces.
The overall structure is such that only
one of the 105 atoms thereby allotted to
the unit cell is not included in these
agglomerates. The analogy with the
alpha-rhombohedral form can be pre-
served by considering the packing of
84-atom subunits obtained in the follow-
ing way. Around a single regular icosa-
hedron arrange 12 half-icosahedrons
(that is, six-atom pentagonal pyramids
each formed by cutting an icosahedron
in half at right angles to one of its
fivefold axes), each rotated so that its
axis of fivefold symmetry coincides with
that of the central icosahedron and with
its apex pointing inward toward the
center of the surrounded icosahedron.
The enclosing figure will then be a 60-
vertex (or 60-atom) semiregular figure
having regular hexagonal faces alter-
nating with regular pentagonal faces so
as to preserve the icosahedral symmetry
[see bottom illustration on page 106].
These large units, which resemble
spheres even more closely than icosa-
hedrons do, pack together again in near-
cubic close-packing array with a few
“chinking” atoms filled in along the
rhombohedral cell diagonal.

The tetragonal form of boron, which
is probably thermodynamically meta-
stable, or temporarily stable, is much
less densely packed. Its cells, each con-
sisting of four 12-atom icosahedrons and
a single atom at the center, have a
tetragonal form that approaches a cube
but is somewhat flattened. Although the
structure is rather open, the adjacent
icosahedrons are nevertheless closely
linked: the distance between the neigh-
boring atoms of one icosahedron and the
next (1.68 angstrom units) is less than
that between atoms within the icosahe-
dron itself (about 1.80 angstroms).

hat has been learned so far con-
cerning the stereochemistry, or
structural chemistry, of boron is obvi-
ously only part of the story. Boron is a
remarkably versatile builder of matter:
the crystals it constructs range from



very simple ones in which single atoms
constitute the units to those in which
the typical unit is a highly involved af-
fair made up of 12 atoms. What are the
factors responsible for boron’s formation
of these complex structures? For a full
answer we must look beyond considera-

ALPHA-RHOMBOHEDRAL BORON is characterized by approxi-
mate cubic close-packing of the 12-atom icosahedral boron groups,
which are shown here as geometric figures. The darkest-colored
layer is closest to the viewer. The unit cells formed by the icosa-

BETA-RHOMBOHEDRAL BORON is characterized by a highly
complex packing with a lesser density of atoms than in the alpha-
rhombohedral form. Greater stability of beta-rhombohedral form
may be a result of the icosahedral packing of 12 half-icosahedrons
about a central icosahedron to form an 84-atom unit enclosed by

tions of geometrical packing into the
nature of the linkages between boron
atoms and the relative energies involved
in various arrangements of atoms.

Boron is not a metal; therefore its at-
oms cannot be considered to be held

together by the kind of bonding (involv-

ing the freeing of electrons from tightly
bound positive atomic nuclei and the
overall arrangement of the charges to
minimize the free energy of the system)
that joins the metal atoms in a crystal.
Nor can the boron aggregates (the
icosahedrons and other forms) be re-

hedrons have the rhombohedral shape, because the successive
layers are shifted apart slightly with respect to each other. The cell
has a threefold symmetry along the major diagonal of the rhombo-
hedron but it lacks most other symmetries that belong to a cube.

a truncated icosahedral array (see bottom illustration on next
page). There are 105 atoms in the cell. Completely inside are
two 28-atom aggregates (dark color), merged from three icosa-
hedrons by a sharing of faces, and a single atom at the center. Icosa-
hedrons at corners are the same as in the alpha-rhombohedral form.
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REGULAR ICOSAHEDRON, a three-dimensional figure with 20
equilateral triangular faces and 12 vertexes, is formed by the boron
aggregates in compounds containing a high proportion of boron.
The icosahedron has three kinds of rotational symmetry. In these

v

three views one is looking along the twofold axis of symmetry (a),
the fivefold axis of symmetry (b) and the threefold axis of sym-
metry (c). In addition to these rotational symmetries, the icosa-
hedron has a “center of inversion” in many planes of symmetry.

garded as molecules (except in the case
of the boron hydrides); molecularity is
ruled out by the extreme hardness and
thermal stability of these structures and
particularly by the fact that the atoms
within such an aggregate are less closely
linked together than one aggregate is to
another.

We must therefore consider the pos-
sibility of some kind of linkage that is
not molecular but that is still based on
an exchange, or sharing, of electrons
between the atoms. Boron has three
electrons available for combining pur-
poses (the three in its only partly filled

a

outer shell) and four orbitals. There are
two extreme ways in which such link-
ages with neighboring atoms might be
achieved: the ideal ionic type of bond,
involving the complete transfer of an
electron from one atom to another, or
the ideal covalent bond, involving the
mutual sharing of a pair of electrons by
two atoms. It seems unlikely that the
bonding of the boron aggregates is ex-
tensively ionic, because little evidence
has been found of any large transfer of
charge between aggregates in the crys-
tals. The evidence suggests rather that
the linkage is more covalent.

b

There is a peculiar anomaly about
this bond, however. In most of the sub-
stances with a high boron content there
are not enough valence electrons to pro-
vide two for every pair of atoms. Linus
Pauling, building on the previous ideas
of Robert E. Rundle, has pointed out
that not only the number of pairs of
electrons but also the number of avail-
able electrons is insufficient to account
in a traditional manner for the number
of actual atomic linkages in these crys-
tals. W. H. Eberhardt, Bryce Crawford
and Lipscomb, then at the University of
Minnesota, came forth with a plausible

TRUNCATED ICOSAHEDRON is formed byremoving the pentag-
onal pyramidal caps from the vertexes of a regular icosahedron
(left). When atoms are placed at all the new vertexes(right) and at
the center of the figure in the form of a regular icosahedron (not
visible here), the rhombohedral cell made with such figures at the
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corners (and with the addition of 21 “chinking” atoms along the
cell diagonal) is equivalent to the model of beta-rhombohedral
boron shown on the preceding page. The resulting model is
analogous to that of alpha-rhombohedral boron, with truncated
icosahedrons replacing the regular icosahedrons of the latter.
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explanation of this anomaly. They sug-
gest that three boron atoms, rather than
two, may share a pair of electrons in a
linkage that they have named the “del-
ta bond.” The structural arrangement
of the boron atoms in the boron hy-
drides, in some of the higher borides
and in some crystalline forms of boron
itself allows for such three-way sharing.
Their idea is supported by the chemical
behavior of various boranes and recent
measurements of the electrical proper-
ties of some of the borides.

Technologically boron is playing a key
role in the revived interest in two-
phase composite materials. Its outstand-
ing lightness, stiffness, resistance to
stretching, chemical inertness and es-
pecially thermal stability make boron a
leading candidate as a reinforcing sub-
stance for matrices of soft metals (for
example aluminum, silver or copper)
or plastics (for example the epoxy resins
or various ceramics). The promise of
such materials for lighter, stronger air-
frames and trains, higher buildings,
longer bridges and more efficient tur-
bines is exciting indeed. The prelimi-
nary results of tests of boron-reinforced
materials have been very encouraging,
and the familiar process of boron depo-
sition on tungsten filaments has been
adapted to pilot-plant scale in several
places in order to provide the required
continuous-fiber material. In spite of
some problems, boron seems to have a
bright future in this area of technology.

Three recent fundamental advances
in the structural chemistry of boron are
particularly noteworthy. One is the sub-
stitution of two carbon atoms for two
boron atoms in an icosahedral frame-
work to produce carborane molecules,
which are amazingly resistant to attack
by heat and a wide range of chemicals.
First prepared in 1956 by workers at
Reaction Motors, Inc., but kept under
security wraps until late 1963, these
molecules have now been extensively
developed, and the variety of polyhe-
dral aggregation they portend is stag-
gering.

A second achievement of note is the
connecting of complete icosahedrons or
fragments of icosahedrons to form more
extended but stable molecular species,
perhaps leading toward a linkup in the
three-dimensional arrays characteristic
of elemental boron. Examples of such
molecules are those of the two BigHs,
borane forms discovered in 1962 by
A. R. Pitochelli of the Rohm and Haas
Company and M. F. Hawthorne of the
University of California at Riverside
[see illustration at right]. The struc-

tures of both these forms were worked
out by Lipscomb and his students
at Harvard. Other examples are the
B.,H;¢ molecules prepared by W. E.
Miller and E. L. Muetterties at E. 1. du
Pont de Nemours & Co. (whose
structure was again solved by Lipscomb
and his students) and the C,B,,H..
molecules (whose structure was solved
in 1965 by L. N. Hall, A. Perloft, F.
A. Miner and S. Block at the National
Bureau of Standards from samples sup-
plied by the Rohm and Haas Com-
pany and the Thiokol Chemical Cor-
poration).

In the past year Stephanie Richards
and J. S. Kasper at the General Elec-
tric Research Laboratory have com-
pleted the first successful determination
of the structure of a “hectoboride” (one
of a group of recently discovered boron-
rich heavy metal compounds with com-
positions approaching a boron-to-metal
ratio of 100 to one). Their specimen,
yttrium hectoboride (YB), was charac-
terized by a huge cubic cell (23.5
angstroms on an edge) that contained
some 1,700 atoms. A striking feature of
its structure was the existence in it of
eight aggregates, each consisting of 156
boron atoms arranged in the form of
12 icosahedrons icosahedrally arrayed
about a 13th icosahedron in a fashion
identical with that found in beta-rhom-
bohedral boron. In the hectoboride,
however, the units were disparate in-
stead of merged as in the case of the
elemental boron form.

In sum, these developments indicate
a strong tendency for the formation of
icosahedral bonds among assemblies of

boron atoms, a tendency that extends
out even beyond neighboring atoms.
They also give some inkling of the great
diversity and complex connectivity that
is afforded by boron-dominated frame-
works. The properties of these types of
substances will undoubtedly be so dif-
ferent from materials already at hand
that they will eventually find unique
and varied applications. In principle the
complexity of these substances also sug-
gests the possibility of “tailoring” them
for special tasks.

he investigation of boron is proceed-

ing with increasing ardor and almost
daily reports of new developments. New
forms of pure boron are being produced
—as powders, thin films, extremely tiny
crystals and in other manifestations.
The history reviewed in this article is
probably a preface to a still more event-
ful boron chemistry to unfold in the
next decade. Boron has already given
theoretical chemists an entire new area
to think about. The findings not only
apply to boron but also promise to help
in the understanding of various interme-
tallic compounds (compounds of two or
more metals). Indeed, boron has given
us beautiful new views of order in com-
plexity. We can say of boron, as Alex-
ander Pope wrote of Windsor Forest:

Not chaos-like together crush’d
and brus’d,

But, as the world, harmoniously
confusd:

Where order in variety we see,

And where, though all things differ,

all agree.

FRAGMENTS OF TWO ICOSAHEDRONS are joined together to form this borane isomer
designated B;gH,,, one of two such molecules discovered in 1962 by A. R. Pitochelli of
the Rohm and Haas Company and M. F. Hawthorne of the University of California at
Riverside. Structure of this molecule was worked out by W. N. Lipscomb, Jr., and his
students at Harvard University. In the authors’ words, these new molecular types of boron
compounds “serve to emphasize the already impressive icosahedralism of things boronic.”
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MATHEMATICAL GAMES

Freud’s friend Wilhelm Fliess and his
theory of male and female life cycles

by Martin Gardner

ne of the most extraordinary and
Ofunniest episodes in the history

of numerological pseudo-science
concerns the work of a Berlin surgeon
named Wilhelm Fliess. Fliess was ob-
sessed by the numbers 23 and 28. He
convinced himself and others that be-
hind all living phenomena and perhaps
inorganic nature as well there are two
fundamental cycles: a male cycle of 23
days and a female cycle of 28 days. By
working with multiples of those two
numbers—sometimes adding, sometimes
subtracting—he was able to impose his
number patterns on virtually every-
thing. The work made a considerable
stir in Germany during the early years
of this century. Several disciples took
up the system, elaborating and modify-
ing it in books, pamphlets and articles.
In recent years the movement has taken
root in the U.S.

Although Fliess’s numerology is of
interest to recreational mathematicians
and students of pathological science, it
would probably be unremembered to-
day were it not for one almost unbe-
lievable fact: For a decade Fliess was
Sigmund Freud’s best friend and confi-
dant. Roughly from 1890 to 1900, in
the period of Freud’s greatest creativ-
ity, which culminated with the publica-
tion of The Interpretation of Dreams in

1900, he and Fliess were linked in a
strange, neurotic relationship that had—
as Freud himself was well aware—strong
homosexual undercurrents. The story
was known, of course, to the early lead-
ers of psychoanalysis, but few laymen
had even heard of it until the publica-
tion in 1950 of a selection of 168 letters
from Freud to Fliess, out of a total of
284 that Fliess had carefully preserved.
(The letters were first published in Ger-
man. An English translation entitled
The Origins of Psycho-Analysis was
issued by Basic Books in 1954.) Freud
would have destroyed these letters if
they had come into his possession. He
was staggered by the news that they
had been preserved, and he begged the
owner (the analyst Marie Bonaparte)
not to permit their publication. In reply
to her question about Fliess’s side of
the correspondence Freud said: “Wheth-
er I destroyed them [Fliesss letters] or
cleverly hid them away I still do not
know.” It is assumed that he destroyed
them. The full story of the Fliess-Freud
friendship has been told by Ernest Jones
in his biography of Freud.

When the two men first met in Vien-
na in 1887, Freud was a relatively un-
known Viennese psychiatrist aged 31,
happily married and with a modest
practice. Fliess had a much more suc-
cessful practice as a nose and throat
surgeon in Berlin. He was two years
younger than Freud, a bachelor, bril-
liant, witty and well informed on medi-
cal and scientific topics. (Later he mar-
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Clark Gable’s two heart attacks (A, B) came on November 5 and 16, 1960

108

© 1966 SCIENTIFIC AMERICAN, INC

ried a wealthy Vienna woman.) Freud
opened their correspondence with a
flattering letter. Fliess responded with a
gift, then Freud sent a photograph of
himself that Fliess had requested. By
1892 they had dropped the formal sie
(you) for the intimate du (thou). Freud
wrote more often than Fliess and was
in torment when Fliess was slow in
answering. When his wife was expect-
ing their fifth child, Freud declared it
would be named Wilhelm. Indeed, he
would have named either of his two
youngest children Wilhelm but, as Jones
puts it, “fortunately they were both
girls.”

The foundations of Fliess’s numer-
ology were first revealed to the world in
1897 when he published his monograph
Die Beziehungen zwischen Nase und
weibliche Geschlechtsorganen in ihrer
biologischen Bedeutungen dargestellt
(The Relations between the Nose and
the Female Sex Organs from the Bio-
logical Aspect). Every person, Fliess
maintained, is really bisexual. The male
component is keyed to the rhythmic
cycle of 23 days, the female to a cycle
of 28 days. (The female cycle must not
be confused with the menstrual cycle,
although the two are related in evolu-
tionary origin.) In normal males the
male cycle is dominant, the female cycle
repressed. In normal females it is the
other way around. The two cycles are
present in every living cell and conse-
quently play their dialectic roles in all
living things. Among animals and hu-
mans both cycles start at birth, the sex
of the child being determined by the
cycle that is transmitted first. The pe-
riods continue throughout life, mani-
festing themselves in the ups and downs
of one’s physical and mental vitality,
and eventually determine the day of
one’s death. Moreover, both cycles are
intimately connected with the mucous
lining of the nose. Fliess thought he had
found a relation between nasal irrita-
tions and all kinds of neurotic symp-
toms and sexual irregularities. He diag-
nosed these ills by inspecting the nose
and treated them by applying cocaine
to “genital spots” on the nose’s interior.
He reported cases in which miscarriages
were produced by anesthetizing the
nose, and he said that he could control
painful menstruation by treating the
nose. On two occasions he operated on
Freud’s nose. In a later book he argued
that all left-handed people are domi-
nated by the cycle of the opposite sex,
and when Freud expressed doubts, he
accused Freud of being left-handed
without knowing it.

Most of this was hailed by Freud as



a major breakthrough in biology. He
sent Fliess information on 23- and 28-
day periods in his own life and the
lives of those in his family, and he
viewed the ups and downs of his health
as fluctuations of the two periods. He
believed a distinction he had found
between neurasthenia and anxiety neu-
rosis could be explained by the two
cycles. In 1898 he severed editorial con-
nections with a journal because it re-
fused to retract a harsh review of one of
Fliess’s books. There was a time when
Freud suspected that sexual pleasure
was a release of 23-cycle energy and
sexual unpleasure a release of 28-cycle
energy. For years he expected to die at
the age of 51 because it was the sum of
23 and 28, and Fliess had told him this
would be his most critical year. “Fifty-
one is the age which seems to be a par-
ticularly dangerous one to men,” Freud
wrote in his book on dreams. “I have
known colleagues who have died sud-
denly at that age, and amongst them
one who, after long delays, had been
appointed to a professorship only a few
days before his death.”

Freud’s acceptance of Fliess’s cycle
theory was not enthusiastic enough,
however. Fliess, who was abnormally
sensitive to even the slightest criticism,
thought he detected in one of Freud’s
1896 letters some faint suspicions about
his system. This marked the beginning
of the slow emergence of latent hostility
on both sides. Freud’s earlier attitude
toward Fliess had been one of almost
adolescent dependence on a mentor and
father figure. Now he was developing
theories of his own about the origins of
neuroses and methods of treating them.
Fliess would have little of this. He ar-
gued that Freud’s imagined cures were
no more than the fluctuations of mental
illness, in obedience to the male and fe-
male rhythms. The two men were on an
obvious collision course.

As one could have predicted from the
earlier letters, it was Fliess who first
began to pull away. The growing rift
plunged Freud into a severe neurosis,
from which he emerged only after pain-
ful years of self-analysis. The two men
had been in the habit of meeting fre-
quently in Vienna, Berlin, Rome and
elsewhere, for what Freud playfully
called their “congresses.” As late as
1900, when the rift was beyond repair,
we find Freud writing: “There has
never been a six months’ period where
I have longed more to be united with
you and your family. ... Your suggestion
of a meeting at Easter greatly stirred
me. ... It is not merely my almost child-
like yearning for the spring and for
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The day of the Aga Khan’s death (A) in July, 1957, was near a triple switch point

more beautiful scenery; that I would
willingly sacrifice for the satisfaction of
having you near me for three days....
We should talk reasonably and scientifi-
cally, and your beautiful and sure bio-
logical discoveries would awaken my
deepest—though impersonal—envy.”

Freud nevertheless turned down the
invitation, and the two men did not
meet until later that summer. It was
their final meeting. Fliess later wrote
that Freud had made a violent and un-
provoked verbal attack on him. For the
next two years Freud tried to heal the
breach. He proposed that they collabo-
rate on a book on bisexuality. He sug-
gested that they meet again in 1902.
Fliess turned down both suggestions. In
1904 Fliess published angry accusations
that Freud had leaked some of his ideas
to Hermann Swoboda, one of Freud’s
young patients, who in turn had pub-
lished them as his own.

The final quarrel seems to have taken
place in a certain dining room of the
Park Hotel in Munich. On two later oc-
casions, when Freud was in this room
in connection with meetings of the ana-
lytical movement, he experienced a se-
vere attack of anxiety. Jones recalls an
occasion in 1912, when he and a group
that included Freud and Jung were
lunching in this same room. A break
between Freud and Jung was brewing.
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When the two men got into a mild ar-
gument, Freud suddenly fainted. Jung
carried him to a sofa. “How sweet it
must be to die,” Freud said as he was
coming to. Later he confided to Jones
the reason for his attack.

Fliess wrote many books and articles
about his cycle theory, but his magnum
opus was a 584-page volume, Der Ab-
lauf des Lebens: Grundlegung zur Exak-
ten Biologie (The Rhythm of Life: Foun-
dations of an Exact Biology), published
in Leipzig in 1906 (second edition,
Vienna, 1923). The book is a master-
piece of Teutonic crackpottery. Fliess’s
basic formula can be written 23x + 28y,
where x and y are positive or negative
integers. On almost every page Fliess
fits this formula to natural phenomena,
ranging from the cell to the solar sys-
tem. The moon, for example, goes
around the earth in about 28 days; a
complete sunspot cycle is almost 23
years. The book’s appendix is filled with
such tables as multiples of 365 (days in
the year), multiples of 23, multiples of
28, multiples of 232, multiples of 282,
multiples of 644 (which is 23 X 28). In
boldface are certain important constants
such as 12,167 [23 x 232], 24,334 [2 X
23 x 232], 36,501 [3 x 23 x 232], 21,-
952 [28 x 282], 43,904 [2 x 28 X 282]
and so on. A table lists the numbers 1
through 28, each expressed as a differ-
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ence between multiples of 28 and 23
[for example, 13 = (21 X 28) — (25 X
23)]. Another table expresses numbers
1 through 51 [23 + 28] as sums and
differences of multiples of 23 and 28
[for example, 1 = (% X 28) + (2 X 28) —
(3 X 28)].

Freud admitted on many occasions
that he was hopelessly deficient in all
mathematical abilities. Fliess under-
stood elementary arithmetic, but little
more. He did not realize that if any two
positive integers that have no common
divisor are substituted for 23 and 28
in his basic formula, it is possible to
express any positive integer whatever.
Little wonder that the formula could
be so readily fitted to natural phenom-
ena! This is easily seen by working with
23 and 28 as an example. First deter-
mine what values of x and y can give
the formula a value of 1. They are
x=11, y = —9:

(23X 11) + (28 X —9) =1,

It is now a simple matter to produce
any desired positive integer by the fol-
lowing method:

[23 X (11 X 2)]+[28 X (—9 X 2)]=2
[23 X (11 X 3)]+[28 X (—9 %X 3)]=3
[283 X (11 X 4)] +[28 X (—9 x 4)] =4

As Roland Sprague recently pointed
out in a German puzzle book, even if
x and y are limited to positive integers,
it is still possible to express all positive
integers greater than a certain integer.
In the finite set of positive integers that
cannot be expressed by this formula,
asks Sprague, what is the largest num-
ber? In other words, what is the largest
number that cannot be expressed by
substituting positive integers for x and y
in the formula 23x + 28y? Readers may
enjoy working this out before Sprague’s
answer is given next month.

Freud eventually realized that Fliess’s
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superficially surprising results were no
more than numerological juggling.
After Fliess’s death in 1928 (note the
obliging 28), a German physician, J.
Aelby, published a book that consti-
tuted a thorough refutation of Fliess’s
absurdities. By then, however, the 23-28
cult was firmly established in Germany.
Swoboda, who lived until 1963, was the
cult’s second most important figure. As
a psychologist at the University of Vien-
na he devoted much time to investi-
gating, defending and writing about
Fliess’s cycle theory. In his own rival
masterwork, the 576-page Das Sie-
benjahr (The Year of Seven), he report-
ed on his studies of hundreds of family
trees to prove that such events as heart
attacks, deaths and the onset of major
ills tend to fall on certain critical days
that can be computed on the basis of
one’s male and female cycles. He ap-
plied the cycle theory to dream analysis,
an application that Freud criticizes in a
1911 footnote to his book on dreams.
Swoboda also designed the first slide
rule for determining critical days. With-
out the aid of such a device or the as-
sistance of elaborate charts, calculations
of critical days are tedious and tricky.
Incredible though it may seem, the
Fliess system still has a small but de-
voted band of disciples in Germany and
Switzerland. There are doctors in sev-
eral Swiss hospitals who continue to
determine propitious days for surgery
on the basis of Fliess’s cycles. (This
practice goes back to Fliess. In 1925,
when Karl Abraham, one of the pioneers
of analysis, had a gallbladder operation,
he insisted that it take place on the fa-
vorable day calculated by Fliess.) To
the male and female cycles modern
Fliessians have added a third cycle
called the intellectual cycle, which has
a length of 33 days. Two books on the
Swiss system have been published here
by Crown: Biorhythm, 1961, by Hans
J. Wernli, and Is This Your Day?, 1964,
by George Thommen. Thommen is the



RESEARCH
SCIENTIST

INFRARED PHYSICS

Join Honeywell’s well equipped Cor-
porate Research Center located in
lovely suburban Minneapolis where
you will work in an atmosphere of true
scientific professionalism, where per-
sonal dedication replaces the confining
supervision you may find in other
companies.

PhD in physics or electrical engineer-
ing. Need creative scientist with special
interest in solid state materials, phe-
nomena, and devices suitable for
infrared detection applications of var-
ious types. He will do research directed
toward the improvement and under-
standing of materials and device con-
cepts for long-wavelength infrared
detection, night vision, and other such
applications.

WE INVITE YOUR INQUIRY
Please air mail résumé including salary
requirementsto: Mr. Marc D. Wanvig,
Placement Administrator, 2701 Fourth
Avenue South, Minneapolis, Min-
nesota 55408.

HONEYWELL

An Equal Opportunity Employer (M & F)
all purpose calculator

Weighs only 8 oz.

THE CURTA IS A PRECISION
CALCULATING MACHINE FOR
ALL ARITHMETICAL OPERATIONS

Curta adds, subtracts, multiplies, divides,
square and cube roots, continuous multi-
plication, negative multiplication, standard
deviations and all statistical calculations,
squares and higher powers, co-ordinates and
associated land survey formulae, and every
other computation arising in science and
commerce . . . Available on a trial basis.
Price $120.00. Write for literature.

CURTA COMPANY

P. 0. BOX 3414

DEPT. SA-7
VAN NUYS, CALIFORNIA

112

R

0

president of a firm that supplies calcu-
lators and charting kits with which to
plot one’s own cycles.
The three cycles start at birth and
continue with absolute regularity
throughout life, although their ampli-
tudes decrease with old age. The male
cycle (black curves in illustrations) gov-
erns such masculine traits as physical
| strength, confidence, aggressiveness and
endurance. The female cycle (gray
curves) controls such feminine traits as
feelings, intuition, creativity, love, co-
operation, cheerfulness. The newly dis-
covered intellectual cycle (colored
| curves) governs mental powers common
| to both sexes: intelligence, memory,
| concentration, quickness of mind.
On days when a cycle is above the
| horizontal zero line of the chart, the
| energy controlled by that cycle is being
| discharged. These are the days of high-
est vitality and efficiency. On days when
the cycle is below the line, energy is
being recharged. These are the days of
reduced vitality. When your male cycle
is high and your other cycles are low, you

| can perform physical tasks admirably
but are low in sensitivity and mental
alertness. If your female cycle is high
and your male cycle low, it is a fine day,
say, to visit an art museum but a day
on which you are likely to tire quickly.
The reader can easily guess the appli-
cations of other cycle patterns to other
common events of life. I omit details
about methods of predicting the sex
of unborn children or computing the
rhythmic “compatibility” between two
individuals.

The most dangerous days are those
on which a cycle, particularly the 23- or
28-day cycle, crosses the horizontal line.
Those days when a cycle is making a
transition from one phase to another are
called “switch-point days.” It is a pleas-
ant fact that switch points for the 28-
cycle always occur on the same day of
the week for any given individual, since

| this cycle is exactly four weeks long. If
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Benny (Kid) Paret took fatal punch on March 24, 1962 (A)

your switch point for the 28-cycle is on
Tuesday, for instance, every other Tues-
day will be your critical day for female
energy throughout your entire life.

As one might expect, if the switch
points of two cycles coincide, the day is
“doubly critical,” and it is “triply criti-
cal” if all three coincide. The Thommen
and Wernli books contain many rhyth-
mograms showing that the days on
which various famous people died were
days on which two or more cycles were
at switch points [see illustrations]. On
two days on which Clark Gable had
heart attacks, the second fatal, two
cycles were at switch points. The Aga
Khan died on a triply critical day. Ar-
lene Francis had a triple switch point
on May 26, 1963, when she lost control
of her car on a throughway and collided
with another. Arnold Palmer won the
British Open Golf Tournament during a
high period in July, 1962, and lost the
Professional Golf Association Tourney
during a triple low two weeks later.
The boxer Benny (Kid) Paret died after
a knockout in a match on a triply critical
day. Clearly it behooves the Fliessian
to prepare a chart of his future cycle
patterns so that he can exercise especial
care on critical days; since other factors
come into play, however, no ironclad
predictions can be made.

Because each cycle has an integral
length in days, it follows that every per-
son’s rhythmogram will repeat its pat-
tern after a certain interval of n days.
This interval will be the same for every-
body. For example, n days after every
person’s birth all three of his cycles will
cross the zero line simultaneously on
their upswing and his entire pattern
will start over again. Two people whose
ages are exactly n days apart will be
running on perfectly synchronized cycle
patterns. The reader should have no
difficulty computing the value of n. It
is an important constant in the Swiss
Fliessian system, but I withhold its
value until next month.
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Conducted by C. L. Stong

he results of many experiments
I can be expressed in the form of
a graph produced by a mecha-
nized pen that writes on a moving sheet
of paper. Such a recorder has many ad-
vantages. At the very least it relieves
the drudgery of making prolonged ob-
servations. In addition it will function
indefinitely and will maintain accuracy
under circumstances that would affect a
human observer adversely. If such a re-
corder is suitably designed, it will reg-
ister data too subtle or fleeting to be
detected by human senses.

Commercial recorders have fairly
complex parts and require considerable
precision in manufacture. Hence they
cost more than most amateurs are will-
ing to pay. Thomas W. Maskell of Bal-
timore has developed a somewhat un-
conventional recorder that can be built
inexpensively by an amateur. The in-
strument can not only make graphs but

Scanner . Servo-recorder
S—— synchr 5
leads Wi synchronous motors
=)
to pen <5

contro'
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2.2volts for e
miniature focused lamps

- THE AMATEUR SCIENTIST

An inexpensive machine to record

observational data automatically

also record a series of events and mea-
sure the interval of time in which an
event occurs. In addition it can feed
information back to the source, thus
functioning as a servomechanism. In its
present form the instrument is best
suited for the observation of events that
extend over periods of minutes or long-
er rather than fractions of a second.
Maskell hopes that other amateurs will
improve the device.

Maskell writes that a graphic recorder
must perform three functions. “The
phenomenon to be recorded must be
sensed, the information must be changed
into a form acceptable to the recorder
and the record must be written. Systems
for performing these functions vary in
complexity and capability.

“One of the simplest is the water-
stage recorder, in which a pen linked
indirectly to a float writes on a drum
rotated by a clockwork. As the float
rises and falls with the water level the
pen moves across the rotating chart. In
the resulting graph the water level is
plotted against time. The float acts as
the sensing element. The linkage—a
rope and a system of pulleys—acts as
the signal-conditioner, reducing the dis-
tance traveled by the float to a propor-
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A general view of the “scanner-servo-recorder”
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tional motion of the pen that is appro-
priate to the width of the paper-covered
drum.

“In more complex systems the sens-
ing devices are strain gauges, micro-
phones, photocells, thermocouples, scin-
tillation counters and a host of other
devices. The majority of modern signal-
conditioners are electronic. Most pen
motors have as their key element a
rugged ammeter to measure an electric
current that varies in proportion to the
phenomenon under observation.

“Largely for diversion, I undertook
about five years ago a review of avail-
able instrumentation to discover a com-
bination of electromechanical elements
that would yield the most recorder-con-
troller system per dollar of investment.
The results are embodied in the device
I shall describe here. I call it a ‘scanner—
servo-recorder’ to suggest its several
functions.

“As a scanner it can make direct ob-
servations. As a servo its pen arm can
be ‘slaved,” or linked, to the phenome-
non under observation; it thus closes a
feedback loop so that the phenomenon
becomes self-controlling. As a recorder
it can write a record in any of several
ways. I built the instrument for $18.20,




excluding the cost of scrap materials.

“The device has three major units:
the scanner, the servo-recorder and the
paper transport. The scanner consists
essentially of a motor-driven lever that
moves back and forth horizontally
through an arc of about 45 degrees. At
its outer end is a simple optical system
consisting of a lens and a photocell.
The arrangement is shown schematical-
ly in the accompanying illustration
[right]. In a typical application the
photocell ‘watches” a miniature lamp
bulb attached to the pointer of a dial.
The photocell functions as an on-off
device.

“A similar lever that also oscillates
continuously in the horizontal plane
forms one element of the separate servo-
recorder unit. The oscillating levers of
both the scanner and the servo-recorder
units are driven through cranks by syn-
chronous motors. When the levers are
started together in phase, they continue
to oscillate in phase.

“The servo-recorder contains a sec-
ond lever mounted below the oscillat-
ing lever. Both levers turn freely on the
same fixed shaft. The second lever can
be equipped with a pen. I call it the pen
arm. These two levers can be coupled
and uncoupled by means of an electro-
mechanical latch operated by a sole-
noid. When they are latched, the oscil-
lating lever drives the pen arm. In the
schematic illustration the latching mech-
anism is represented by a finger that ex-
tends from the end of the oscillating
lever; the finger engages the armature
of the solenoid when the solenoid is not
energized. The latch can be disengaged
by energizing the solenoid.

“The electrical circuit includes a re-
lay wired to remain locked down after
it has been energized by a pulse of cur-
rent. The pulse can be generated by a
push button (as is shown schematically
in the illustration) or by a photocell (as
is actually the case). A reset switch
associated with the oscillating lever
breaks the circuit and unlocks the relay
at each extreme of the lever’s travel.
When it is appropriately directed by the
push button, the oscillating lever will
push the pen arm in either direction
from any point to any point within the
limits of its excursion. In effect the
push button issues either of two orders
to the oscillating arm: ‘Move the pen
arm’ or ‘Drop the pen arm.’

“The two units are combined into a
scanner—servo-recorder system by re-
placing the push button portion of the
schematic circuit with the photocell.
The system is put in operation by ap-
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plying power to all circuits and starting
the oscillating levers in phase. Assume
that the system has been started and
that the miniature lamp being watched
by the photocell is midway between the
limits of its excursion. The solenoid is
not energized because the reset switch
has broken the circuit. The armature
has therefore dropped to its lowered
position for engagement with the finger
of the oscillating lever.

“The pen arm is pushed along as the
oscillating lever moves toward its dis-
tant limit. When the photocell encoun-
ters the miniature lamp, light initiates
a signal that actuates the relay. The
solenoid operates and unlatches the pen
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arm. The pen arm now occupies the
same relative position as the miniature
lamp. The oscillating levers continue
to the distant limit of their excursion,
where the reset switch unlocks the relay
and drops the solenoid to the latching
position. The oscillating levers now re-
turn. During the transit, if the position
of the lamp has not changed, the pho-
tocell again issues an unlatching com-
mand on reaching the light; the pen
arm then remains undisturbed.

“Now assume that the position of the
lamp has shifted somewhat toward the
distant limit. (Remember that the os-
cillating lever is moving toward the near
limit.) In this case the solenoid will op-
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erate when the photocell reaches the
miniature lamp and the oscillating lever
of the servo-recorder will ignore the
pen arm. On reaching the near end
of its excursion the lever will operate
the reset switch and release the solenoid
for engagement with the pen arm dur-
ing the next outward transit. On that
transit, therefore, the pen arm will be
pushed to the position of the lamp and
then dropped.

“Similar analysis will demonstrate
that the pen arm is slaved to the move-
ment of the light under all conditions.
A periodic record of the position of the
lamp can be written by attaching a pen
to an extension of the pen arm and
placing it in contact with a moving
sheet of paper. A feedback loop can be
closed by linking the pen arm to the
input of the system, in this case by ap-
propriately coupling the pen arm to the
driving mechanism that alters the posi-
tion of the lamp.

“The actual construction includes a
number of refinements that add to the
accuracy and dependability of the in-
strument. For example, the relay is re-
placed by a silicon-controlled rectifier
that in effect can be locked down by
either a pulse of current or the momen-
tary interruption of an established cur-
rent. Such a response occurs when the
photocell encounters either a bright ob-
ject against a dark background or a
dark object against a light background,
such as the pointer of a meter.

“The arrangement of the latching
mechanism also differs from that de-
picted in the simplified schematic illus-
tration. The outer half of the pen arm
actually consists of a leaf spring that
terminates in a rectangular finger about
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Electrical controls of the instrument

an eighth of an inch wide. When the
leaf spring is straight, this finger en-
gages a projection of the oscillating lev-
er and is thereby pushed in one direc-
tion or the other.

“If both engaging projections were
rigidly attached to their respective lev-
ers, the pen arm would be moved too
far by an amount equal to half of the
combined widths of the fingers each
time the direction of the movement was
reversed. The required compensation
can be achieved by what is called a
lost-motion pendulum. It is made by at-
taching one of the fingers to a pendulum
lever free to swing through a distance
equal to the width of the two fingers
[see illustration on opposite page]. The
pendulum is attached to the end of the
oscillating lever and its excursion is re-
stricted to the distance between a pair
of eccentric washers that act as adjust-
able stops. The edges of the movable
finger, which serves as the lost-motion
mechanism, are cut at an angle so that
the faces of the two fingers make flat
contact; in this way they disengage
readily.

“The leaf spring of the pen arm can
be bent upward by a long cam that ex-
tends completely across the traversed
path. When the pen arm is thus bent, it
is not engaged by the finger of the lost-
motion mechanism. The cam, which is
rotated by a solenoid, consists of a slen-
der shaft fitted with a stiff wire in the
form of an elongated C. The cam turns
in bearings supported by a pair of posts.
In addition to bending the leaf spring
and thus unlatching the mechanism, the
cam serves as a friction brake for lock-
ing the pen arm in the position to which
it has been moved.
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“The oscillating lever of the servo-
recorder makes mechanical contact with
a limit switch at each end of its traverse.
The switch opens the solenoid circuit
and ‘unlocks’ the silicon-controlled recti-
fier. The leaf spring then assumes its
straight position for engagement with
the lost-motion pendulum.

“The pen arm is actually pivoted in
the middle, the leaf spring being car-
ried by one end and the pen by the
other. In the middle is a ‘torque takeoft’
fitting for coupling feedback devices to
the instrument. Both the scanner and
the recorder are supported by four
mounting posts at the corners of a base
plate of sheet metal. The length of the
mounting posts was chosen to place the
lens of the scanner at optimum height
above the object to be scanned and to
place the pen in light contact with the
writing platform of the paper transport.
I have used both a weighted ball-point
pen and an unweighted Esterbrook
Feltwriter.

“For economy of operation I designed
the paper transport to accept adding-
machine paper 3% inches wide. The
writing table, made of 24-gauge brass,
is four inches long, including a sloping
apron one inch long. The supply roll is
carried by a fixed shaft. I did not equip
the device with a take-up; the paper
collects in a basket.

“The paper is pulled through the
transport by a rubber roller. The roller
is a heavy-walled length of rubber tub-
ing slipped over a quarter-inch shaft
that is supported at each end by a syn-
chronous motor. Since the output shafts
of the motors face in opposite direc-
tions, one shaft must turn clockwise and
the other counterclockwise so that the



rubber roller will turn in the same di-
rection regardless of which motor is
energized. One motor turns at 10 times
the speed of the other and thus the ar-
rangement provides a choice of two
paper speeds. When one motor is en-
ergized, the other idles. The disadvan-
tage of using unruled adding-machine
paper- for the graphs can be overcome
by scoring the calibration of the instru-
ment on a sheet of thin, clear plastic
and filling the grooves with color from
a wax pencil. By this means the dimen-
sions of the graph can be read directly
by placing the scored sheet over the
paper.

“I used synchronous-timing motors
in all positions. They are available in
speeds ranging from one revolution per
second to one revolution per hour. Such
motors can be obtained on the surplus
market for about $1.50 each. Aluminum
plate 1/8 inch thick was used for the
base, and the sides were made of 1/16-
inch brass sheet. The reciprocating lev-
ers and the pen arm were made of one-
inch by 1/16-inch extruded half-hard
brass to avoid the labor of shearing and
sawing. Steel or aluminum could be
used in cases requiring greater strength
or where weight must be minimized.
Brass is a good compromise, since it is
dependable bearing material that is easy
to solder. The reciprocating levers might
well be made of aluminum or mag-
nesium in instruments designed to op-
erate at speeds in excess of one sweep
per second. The crank assemblies were
made of steel.

“The photoelectric scanning head is
only one of several available sensors.
It is the most versatile, responding to
the position of anything that can be
seen—from bands of adhesive tape on
the stalk of a growing plant to the hair-
line pointer of a galvanometer. Normal-
ly my scanner is used to follow the
pointer of a direct-current meter that
has a sensitivity of 10 millionths of
an ampere at full-scale deflection.

“I use a Clairex CL-904 photocell,
the active area of which is confined to
a thin line. The cell is rotated so that
this line is parallel to the pointer of the
meter. An image of the pointer is fo-
cused on the cell by a lens of approxi-
mately 2% inches focal length. I bought
the lens at a novelty store. A friendly
optician ground the edge of the lens for
a sliding fit with an aluminum tube
about 3/4 inch in diameter. A pre-
ground lens of the same size is avail-
able from the Edmund Scientific Co. of
Barrington, N.]J.

“The lens is supported at one end of
the tube by a split retaining ring. The

photocell at the other end is mounted
in a wooden dowel. I determined the
focal length of the lens by clamping the
glass in a wire fixture that made a slid-
ing fit with a wooden yardstick. A sim-
ilarly supported cardboard screen was
clamped behind the lens. A light baffle
placed around the lens prevented scat-
tered light from reaching the image
plane. The focal length was then mea-
sured by adjusting the separation of the
screen and lens until a distant source
(the sun) came to sharp focus. When the
cell is placed at twice this separation
from the lens, an object also placed at
twice the separation on the other side
of the lens will be in sharp focus on the
active area of the cell.

“Photocells of designs that differ from
the Clairex 900 series can be used. I
selected this type solely because the ac-
tive area is confined to a thin rectangle,
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a configuration that develops a maxi-
mum signal in response to the image of
a slender dark object such as the pointer
of a meter. Cells of other configurations
would be more appropriate for images
of other shapes.

“When the image of a white surface
lighted by a pair of self-focusing minia-
ture bulbs falls on the photocell, the
resistance of the active material is low-
ered to about 20,000 ohms. At this re-
sistance the voltage applied to the gate
terminal of the silicon-controlled recti-
fier is more nearly equal to that of the
cathode than that of the anode. At the
gate potential the rectifier acts as an
open switch and no current flows
through the solenoid. When the light
is reduced, as by the image of the black
pointer, the resistance of the cell in-
creases to many hundreds of thousands
of ohms. This change has the effect of
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making the potential of the gate more
nearly equal to that of the anode.

“When the change in the gate poten-
tial reaches a critical value, the rectifier
conducts; it continues to conduct until
the circuit is broken, even though the
intensity of the light is restored. By in-
terchanging the positions occupied by
the photocell and the 500,000-ohm po-
tentiometer in the circuit the same ac-
tion can be triggered by a comparable
increase in light. In each of these modes
of operation the 100,000-ohm potenti-
ometer is adjusted to select the critical
intensity of light at which the rectifier
conducts.

“Writing devices other than pens can
be mounted on the pen arm. For exam-
ple, it is possible to couple to the arma-
ture of the solenoid an inking device
that would make a dot on the graph
when energized by a pulse of current.
The range of applications can be in-
creased by making other obvious modi-
fications. The scanning lever, for in-
stance, can be equipped with an insulat-
ed electrode for making sliding contact
with a resistor or a commutated surface.
The relative opaqueness of translucent
solids or solutions can be plotted by in-
terposing an optical gray scale between
the photoelectric scanning head and the
light source to be measured. Such a de-
termination can be made either by scan-
ning the fixed gray scale or by replacing
the photocell scanning head by the gray
scale and sweeping the scale past the
photocell.

“The magnetic state of a scanned sur-
face can be evaluated by equipping the
scanning lever with a reed switch posi-
tioned at selected distances above the
surface. When it is equipped with the
photoelectric head, the scanner can also
replace stepping switches for periodi-
cally monitoring a variety of events. In
this application each event to be charted
could cause a miniature lamp to light.
The lamps would be arranged in an arc
below the scanning head. With this ar-
rangement an impulse pen could then
print out the sequence of events against
time.

“Numerous comparable applications
as well as refinements in construction
will suggest themselves to experimenters
who enjoy innovation. The present de-
sign is submitted in the belief that
amateurs would find it useful to have
not only an instrument that illustrates
where a recording system begins and
ends but also a design that accommo-
dates the craftsman who, like myself, is
endowed with an abnormal quota of
thumbs.”



RECENT
findings

RESEARCH LABORATORIES

SELECTIVE FORMATION
OF RADICALS

Hydrogen atom bombardment technique developed by Ford scientists
points to better understanding of organic free radical reactions.

A new, different and advantageous technique for the formation
of radicals from organic and biological molecules has been
developed at Ford Motor Company Research Laboratories.

Other techniques such as high-energy radiation, ultraviolet
radiation, and heating have in general the disadvantage of
being non-selective. In many organic and biological molecules
x-irradiation results in the concurrent breakdown of carbon-
hydrogen, carbon-carbon, and carbon-oxygen bonds. This indis-
criminate bond breakage results in various types of free radicals
and greatly complicates the study of their structure and the
control of their reactions.

In contrast, hydrogen atom bombardment results in the
selective formation of such radicals. In this technique hydrogen
molecules are passed through a microwave discharge chamber in
which they are dissociated into hydrogen atoms. These atoms,
which are quite reactive, are then allowed to strike a powdered
sample of an organic compound. It has been found that this
technique results in the selective formation of radicals via
two paths:

1) Radical Formation by Hydrogen Atom Abstraction.
The impinging hydrogen atoms abstract a hydrogen atom from
a C-H bond. (A specific case is the compound methyl malonic
acid (Figure 1) formula.) Figure 1-A shows the electron spin
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resonance (ESR spectroscopy is uniquely suited to the identi-
fication of free radicals) spectrum of methyl malonic acid
damaged by x-rays. The ESR pattern demonstrates that two
types of radicals (their formulae are shown in Figure 1-A) were
formed by the irradiation, i.e., one by the breakage of the
central C-H bond of the parent molecule and the other by the
breakage of the C-C bond. On the other hand, hydrogen atom
bombardment of the methyl malonic acid results in the forma-
tion of only one of these radical species, i.e., that due to a C-H
bond breakage (Figure 1-B).

2) Radical Formation by Hydrogen Atom Addition.
An example of hydrogen atom addition is the compound
thymine (one of the four basic components of DNA). The ESR
spectrum of x-irradiated thymine is shown in Figure 2-A. The
six outside signals (labeled by arrows) of this pattern plus some
of the central lines are due to the thymyl radical (see formula
in Figure 2) which was formed by the addition of a hydrogen
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atom to one of the carbon atoms with a double bond. This
hydrogen atom had been dissociated from a neighboring molecule
during the primary effects of the radiation. However, the
remaining signals in the central portion of the pattern are due
to other radical species which were also formed during the
irradiation. In contrast, hydrogen atom bombardment results in
the formation of the thymyl radical alone, as is shown by the
“cleaner” and simpler ESR pattern of Figure 2-B. The striking
hydrogen atom attacks the double bond region between C5 and
C6 breaking one of the bonds and reforming a C-H bond with
carbon atom (6) and leaving carbon atom (5) with an un-
paired electron.

This technique of selectively forming radicals is expected to
contribute substantially to a better understanding of the
structure of these species, as well as the nature of reactions
which these species undergo. Among other things, it is expected
to be useful in the study of the reaction of molecules of biological
interest, as evidenced by the results on the thymine molecule.

In addition, many useful and interesting chemical reactions,
e.g., polymerization reactions, are known to be initiated by a
primary step which involves a hydrogen atom addition. The
present technique has the potential of accomplishing the same
reactions, possibly in a more controlled manner.

PROBING DEEPER TO SERVE BETTER

The American Road, Dearborn, Michigan
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than we did?
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_ General Electric
~ cares.
: (So we look for new ways

to help students learn more
and teachers teach more.)
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The more America’s population
explodes, the louder become the
echoes inside our classrooms.
Right now, there are more than
53 million youngsters in school.

Can our teachers get them
ready for the complex world
they’ll face? We think so. And
General Electric people are
working on ways to help. Some
ideas are shown at left.

In addition, G-E closed-cir-
_ cuit TV can help ease the strain
” of crowded classrooms. (One
highly qualified instructor can
teach dozens of classes at one
time.)

Small G-E atomic reactors
help university students learn
more about nuclear physics.
General Electric instruments
and equipment arein thousands
of classrooms and laboratories
to help make courses more
understandable.

And, twice a month, more
than 9 million students see G-E
school posters explaining scien-
tific breakthroughs.

America needs more and
more bright people. General
Electric does, too. So we have
to do everything we can to
make our children’s education
better than our own.

e

G-E computers help high-school and college students learn more,
learn it faster. Latest G-E Time-Sharing computers solve problems Brogress s Ovr Most /mpon‘anf Product

for 40 students at one time, display answers on a “TV” screen.
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Last year, we created hundreds of new specialty chemicals.

And we helped our customers solve hundreds of problems.
Ranging from postage-stamp phosphors to petroleum-re-
fining catalysts.

We'll launch many more new specialty chemicals this
year. Meanwhile, do you need some ammonium metatung-
state? Or a tungstogermanate? Or maybe a new rare-earth
phosphor? Come to Sylvania for “custom” formulations
like these.

In such sophisticated chemicals, high purity is critical.
Sylvania is fully equipped to maintain high purity stand-
ards—becausc of our years of experience with precision
materials. (We make lots of chemical und metallurgical
products for use within the Sylvania “family.")

How can you use our resources? Take advantage of our
problem-solving experience in tungsten and molybdenum-
based chemicals. In electronic chemicals like potassium
silicates and emission carbonates. In phosphors for fluo-
rescent lighting, color television and photoconductors. The
more sophisticated, the better.

Sylvania Electric Products Inc., Chemical & Metallurgi-
cal Division, Towanda, Pennsylvania 18848,
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by Asa Briggs

SELECcTIONS FrROM “LoNpDON LABOUR
AND THE LonpoN Poor,” by Henry
Mayhew. Edited by John L. Bradley.
Oxford University Press ($2.75).

here is a rich literature about the

I turbulent, gaslit cities of the 19th
century, much of it shot through

with fear, some of it bursting with
pride. Cities were growing, and as they
grew they posed problems, urgent prob-
lems of health and order, communica-
tions and government. The great me-
tropolises, many of them ancient cities
such as London and Paris, presented at
least as many problems as the new in-
dustrial cities, which seemed to repre-
sent a new way of life. It was, after all,
in the great metropolises that there were
the sharpest contrasts between riches
and poverty and also the most serious
threat to the social fabric from what
were called in London, Paris and New
York alike “the dangerous classes.” It
was there, too, that there was the great-

BOOKS

The culture of poverty

in 19th-century London

est hope of cities becoming genuine
centers of “civilization.”

Henry Mayhew’s London Labour and
the London Poor is a classic document
of this period in city history, and it has
deservedly become, albeit in severely
abbreviated form, the latest in the
“World’s Classics” series of the Oxford
University Press. Published originally
in the form of letters to the London
Morning Chronicle in 1849 and 1850, it
grew almost like London itself, until
it became four solid Victorian volumes,
the last of which appeared in 1862. Its
writing therefore straddled the period
of Victorian “prosperity” that followed
the stormy conflicts of the 1840’.
These were years when the Victorians
were most proud of being Victorian,
when they believed, indeed, that they
had created one of the world’s great
civilizations. They were not alone in
this. As Massimo Taparelli d’Azeglio, a
distinguished Italian visitor to Britain,
put it, this was “the highest level of
civilization the world had ever known.”
Paris—the brilliant Paris of Napoleon
ITII—might dispute the claim, but then
Parisians usually found London “too
large, too overwhelming.” More sen-

sitive than most Englishmen, they
dwelt, in the words of Francis Wey, a
visitor of 1856, on “the mortification of
feeling oneself a mere grain of sand in
the desert, and the knowledge of how
small a part the feeling of human in-
terdependence plays in this immense
city.” The remarkable exile from Rus-
sia, Alexander Herzen, wrote also of
the loneliness felt in London by “ner-
vous and romantic temperaments,” yet
with an eye for the squalor as well as
the splendor he added generously, “I
came to love this dreadful ant-heap,
where every night a hundred thousand
men know not where they will lay their
heads, and the police often find women
and children dead of hunger beside
hotels where one cannot dine for less
than two pounds.”

It was the darker side of London that
interested Mayhew and his readers. He
was contemptuous of proud catchphras-
es such as “this vast capital—this mar-
vellous center of the commerce of the
world” and dismissed them as “stereo-
type phrases of civic elegance.” Like
Herzen, he turned to themes such as
hunger and disease and crime. Yet far
from treating these themes mysteriously

JamEes R. NEwMAN

James R. Newman, who had conducted the book de-
partment of SciENTIFIC AMERICAN for the past 18 years,
died of a heart attack on May 28. His age was 58.

Newman’s work on this magazine was only one aspect
of an unusual career. He was educated as a lawyer, prac-
ticed law for 12 years and entered Government service
at the beginning of World War II. During the war he was,
among other things, a senior intelligence officer for the
Board of Economic Warfare in London; at the end of the
war he was special assistant to Undersecretary of War
Robert P. Patterson. Thereafter he became counsel to the
Senate Committee on Atomic Energy, and he played a
central role in drafting the present atomic-energy law.

Even as he practiced law, however, Newman had em-
barked on a separate career. He had taken graduate
courses at Columbia University in philosophy and mathe-
matics; one result was a collaboration with Professor

Edward Kasner on the highly successful book Mathemat-
ics and the Imagination. After he had joined ScienTIFIC
AMERICAN in 1948 he completed his four-volume anthol-
ogy The World of Mathematics. More than 150,000 sets
were sold. He also wrote (or collaborated in the writing
of) 10 other works, ranging from the foundations of
mathematics to the folly of the nuclear-arms race.

This last topic was Newman'’s passion. Although he had
been an important figure in the successful struggle for
civilian control of atomic energy, after the battle was over
he was an outsider. He nonetheless continued to give
counsel and comfort to many, both outsiders and insiders,
during the troubled years that followed. He had a huge
circle of friends, and he gave himself freely to them. He
was a man of expansive humor, rich language and forth-
right opinions. His death leaves a large vacancy in the
ranks of the living.
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in the lurid style of Eugéne Sue’s Mys-
téres de Paris or George \W. M. Reyn-
olds’ Mysteries of London (there was
also a Mysteries of New York), he set
out to talk to people “naturally” and to
report directly on his conversations, to
discover the relevant statistics, to ex-
plain, when he came in his fourth vol-
ume to prostitution and crime, what he
called “the physics and economy of vice
and crime generally.” He had a strong
moral purpose, very Victorian in flavor:
the attempt to “induce us, or at least the
more earnest amongst us, to apply our-
selves steadfastly to the removal or
alleviation of those social evils that
appear to create so large a proportion
of the vice and crime that we seek by
punishment to prevent.” It is often for-
gotten that in addition to writing Lon-
don Labour and the London Poor May-
hew also wrote success stories about
historic figures who had triumphed
by virtuous conduct and unflagging de-
termination. Apparently indolent him-
self, he extolled effort. In some respects
a failure (he went bankrupt in 1847 and
in spite of his achievements as a writer
died in oblivion), he had no illusions
about the consequences of failure.
When he moved among “outcasts,” he
was very much of a Victorian English-
man, not a Herzen—or a Baudelaire.
The strength of London Labour and
the London Poor can be fully appreci-
ated only in this context. There had
been many official “blue books” on the
seamier side of London. Some of them,
like Edwin Chadwick’s great reports on
public health, had been best sellers and
had stirred consciences. Mayhew ruffled
the complacency of the more comfort-
able mid-Victorians by writing not as a
royal commission but as a person. Much
of his work was published in the form
of “twopenny numbers.” It provoked
readers in all parts of the country to
send letters and ask questions, and May-
hew, learning all the time, replied on
the wrappers of the individual pub-
lications. As John L. Bradley says in
his introduction to the Selections, “his
individuality of method, compounded
of journalistic inquiry, literary presen-
tation, and sociological investigation,
stands forth in singular relief when
placed beside similar endeavours of the
time.” There were many similar en-
deavors, some of them fascinating books
such as George Godwin’s Town Swamps
and Social Bridges (1859) and John
Hollingshead’s Ragged London in 1861
(neither of which is mentioned by Pro-
fessor Bradley), yet it is Mayhew whose
work has rightly been remembered.
“Wherever you sink a shaft in London
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—whether in the center or the out-
skirts,” Hollingshead wrote, “and pene-
trate with a good guide, perseverance
and fair local knowledge, you will find
endless veins of social degradation,...
a dead level of misery, crime, vice, dirt
and rags.” Mayhew knew best how to
sink the shafts. He himself became the
good guide. Unlike Hollingshead, he
discovered not a dead level but a living
panorama. Beginning with the facts of
London life in the middle of the 19th
century (“the savagery of civilization,”
he called it), he ended with a superb
and still supremely readable drama of
the human condition.

He had three immense assets: the
gift of being able to communicate with
people quite different from himself (a
rare capacity in class-conscious Vic-
torian England); an artist’s sensitivity to
color, smell, sound and atmosphere, and
a bountiful sense of humor. The first of
these assets is amply demonstrated in
the accounts he gives of conversations
with costermongers, flower girls, lodg-
ing-house keepers and street entertain-
ers, not to speak of more esoteric
individuals such as “sheep’s trotter
women,” “bird-duffers,” “pure-finders”
(“pure” was dog’s dung, which com-
manded a good price at London tanner-
ies) and “mud-larks.” Consider this
account of a conversation with coster-
lads, which incidentally shows that the
habits of London youth in the 20th cen-
tury mark no strange mutation in human
behavior:

“A lad about fourteen informed me
that ‘brass buttons, like a huntsman’s,
with foxes’ heads on ’em looked stun-
ning flash, and the gals liked ’em.” As
for the hair, they say it ought to be long
in front, and done in ‘figure-six’ curls,
or twisted back to the ear ‘Newgate-
knocker style.” ‘But the worst of hair is,’
they add, ‘that it is always getting cut
off in quod, all along of muzzling the
bobbies.” ”

Not all Mayhew’s conversations are
as difficult to understand. A fascinating
account of a conversation with a dredger
(a man who earned his living dredging
the bed of the Thames for anything he
could find—from cargo to bodies) begins
with the dredger’s words: “Father was
a dredger, and grandfather afore him;
grandfather was a dredger and a fisher-
man too. A'most as soon as I was able
to crawl, father took me with him in the
boat to help him to pick the coals, and
bones, and other things out of the net,
and to use me to the water.”

It is not difficult to reconstruct from
conversations of this kind and May-
hew’s comments on them a sociology



of London labor in the mid-Victorian
period. The dredgers passed their occu-
pation on to their children. Many other
jobs were casual, and people fell in or
out of them according to the vicissi-
tudes of age, health and fortune. The
mud larks, for example, were obviously
at a lower level than the dredgers: they
searched the riverbank for what they
could find, wading “sometimes up to
their middle through the mud left on
the shore by the retiring tide.” They
were often old women who had lost all
other means of livelihood. “They notice
no one; they never speak, but with a
stolid look of wretchedness they plash
their way through the mire, their bodies
bent down while they peer anxiously
about, and occasionally stoop to pick
up some paltry treasure that falls in
their way.” Their plight may be com-
pared with the affluence of the “cads”
(omnibus conductors), who earned four
shillings a day, and it is not surprising
that Mayhew found that “nearly all
classes” had contributed to the ranks
of conductors: “Among them are gro-
cers, drapers, shopmen, barmen, print-
ers, tailors, shoe-makers, clerks, joiners,
saddlers, coach-builders, porters, town-
travellers, carriers, and fishmongers.”
Like all sociologists, Mayhew liked an
occasional catalogue of this kind. He
also liked an occasional quantitative
calculation. After describing sheep’s-
trotter women (sheep’s trotters were

sheep’s feet—tasty but not very meaty I

delicacies) he concluded:

“The returns I collected show that
there is expended yearly in London
streets on trotters, calculating their
sale, retail, at %d. each, 6,500l., but
though the regular price is %d., some
trotters are sold at four for 1%d., very
few higher than #d., and some are kept
until they are unsaleable, so that the
amount may be estimated at 6,0001., a
receipt of 7s. 6d. weekly, per individual
seller, rather more than one-half of
which sum is profit.”

Mayhew’s sensitivity to atmosphere
makes him something far more than a
sociologist. He is particularly good on
the effects of gaslight, on the smell of
crowds (“Forward they came, bringing
an overpowering stench with them,
laughing and yelling as they pushed
their way through the waiting-room”)
and on the sound of “running patterers,”
bawling out the names of cheap publi-
cations on accidents or assassinations,
rapes or murders (“All these men state
that the greater the noise they make,
the better is the chance of sale, and
better still when the noise is on each
side of the street”). There is no better

On the frontiers
of psychology
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A SCIENTIFIC EVALUATION

by C.E.M. Hansel

The study of extrasensory perception (telepathy, clairvoyance, and
precognition) has been marked by misinformation, misguided en-
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OF SLEEP
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book. Dr. Foulkes, who received a $70,000 grant from the National
Science Foundation for research on dream content, surveys and
interprets brain-wave and eye-movement phenomena, the discovery
of which, in the last few years, has made possible a more scientific
study of sleep. Illustrated with diagrams. $6.95

John Mann

CHANGING
HUMAN BEHAVIOR

This is the first comprehensive account of modern explorations into
the alteration and enhancement of human behavior. Some of the
provocative topics discussed by Dr. Mann are physiological inter-
ventions, hypnotic suggestion, attitude change through mass com-
munications, and creativity. “A new orientation and perspective—
an important contribution to social psychology.”

—GORDON W. ALLPORT, Harvard University $5.95

at all bookstores
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VERTEBRATE PALEONTOLOGY
Third Edition
by Alfred Sherwood Romer

Vertebrate Paleontology is
widely recognized as the stand-
ard reference work in its field.
It is a thorough account of
vertebrate history as revealed
in the fossil record. An exten-
sive classification of living ver-
tebrates covering more than
100 pages has been added to
this new revision, as well as a
comprehensive list of fossils
and the geological ages in
which they lived. The index is
cross-referenced to text as well
as taxonomical entries. The
bibliography has been en-
larged to 662 items. All sec-
tions have been revised —those
dealing with fishes, amphibi-
ans, primitive reptiles, and
primitive mammals have un-
dergone the most extensive re-
vision. 496 pages. I1lus.$10.00

SOCIAL BEHAVIOR AND
ORGANIZATION AMONG
VERTEBRATES

edited by William Etkin

“The subject has not been
brought together in this way
before . . .”—Science.

“The broad approach and sol-
idness of this book should find
it wide use as a basic or sup-
plementary text in introduc-
tory animal behavior courses,
and as a fine first source to
more senior investigators
turning to this area for the
first time.”—LEONARD A. Ros-
ENBLUM, FEcology. Illus. $7.50

THE PARATHYROID GLANDS
Ultrastructure, Secretion and
Function

edited by Pieter J. Gaillard,
Roy V. Talmadge, and

Ann M. Budy

“The book will be of interest to
all students of endocrinology
and will serve as a useful ref-
erence source for those work-
ing in the field. In general, the
subject matter is timely and
represents a concerted effort
on the part of the participants
to make public their most re-
cent developments. The index-
ing, referencing, and editing
are excellent . . .”—CLAUDE D.
ARNAUD, Science. $15.00

Inquire at your bookstore
UNIVERSITY OF s T o]
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Chicago, Illinois 60637 %4
Chicago and London. In Canada:
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introduction to Mayhew than to read
his frightening account of a night at a
rat-killing, too long to quote but bril-
liantly sustained, a journalistic feat
that transcends journalism. The account
begins in the tavern where the rat-
killing session was held—a tavern where
“drinking seems to have been a second-
ary notion in its formation, for it is a
low-roofed room without any of those
adornments which are now generally
considered so necessary to render a
public-house attractive. The tubs where
the spirits are kept are blistered with
the heat of the gas, and so dirty that the
once brilliant gilt hoops are now quite
black.” The brutality Mayhew goes on
to describe horrifies the modern reader
far more than it must have horrified
many of his Victorian readers. Most
other writers would have hidden away
some of the facts and impressions; May-
hew exposes all.

There is even a touch of somewhat
sardonic humor at the end of the rat-
killing narrative. In other parts of the
book the humor is an integral part of
the story. When one of the running
patterers is describing the market for
his murder broadsheets, he complains:
“Greenacre didn’t sell so well as might
have been expected, for such a diaboli-
cal out-and-out crime as he committed;
but you see he came close after Pegs-
worth, and that took the beauty off him.
Two murderers together is never no
good to nobody.” A bookseller is ex-
plaining which secondhand books sell
and which do not: “The Sentimental
Journey, no, sir, Tristram Shandy,
rather hangs on hand, the Pilgrim’s
Progress (but it must be sold wvery
low).... No, I can’t say I could sell
Milton as quickly as any of those men-
tioned.” Mayhew often jolts his religious
readers with accounts of the garbled re-
ligious views of the men and women he
is describing, men and women who have
never been brought into contact with
either church or school. “What was St.
Paul’s...? A church, sir; so I've heard.
I never was in a church.... Jesus
Christ? Yes. I've heard of him. Our Re-
deemer? Well, I only wish I could re-
deem my Sunday togs from my uncle’s.”
It comes as a surprise to encounter a
passage where Mayhew sets out his own
views on religion, describing “the great
munificent Creator of the sea, the moun-
tains, and the flowers—the stars, the
sunshine, and the rainbow—the fancy,
the reason, the love and the heroism of
man and womankind—the instincts of
the beasts—the glory of the angels—and
the mercy of Christ.”

This passage comes at the end of an
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account of a peculiarly sordid public
entertainment in London’s East End.
Mayhew demanded more wholesome
entertainment for the people he had
been describing, along with proper edu-
cation. “It is idle and unfeeling to be-
lieve that the great majority of a people
whose days are passed in excessive toil,
and whose homes are mostly of an unin-
viting character, will forego all amuse-
ments, and consent to pass their eve-
nings by their no firesides, reading
tracts or singing hymns.” One wonders
if Mayhew, having communicated suc-
cessfully with costermongers and run-
ning patterers, was equally successful
in communicating this message to his
middle-class readers. Professor Bradley,
in his necessarily brief introduction, has
no room to help with speculations of
this kind, nor does he date his selections
or relate them to their context in May-
hew’s own volumes. Perhaps the recep-
tion of Mayhew in his own time—and
later—deserves a full study in itself.

For modern readers Mayhew opens
up Victorian London, even gives the
feeling of getting inside it. On one oc-
casion, in a different book, he described
getting above it—in a balloon. Then the
detail was lost and only speculation
was left. “It was a most wonderful sight
to behold that vast bricken mass...all
blent into one immense black spot—to
look down upon the whole as the birds
of the air look down upon it, and see
it dwindled into a mere rubbish heap—
to contemplate from afar that strange
conglomeration of vice, and avarice,
and low cunning, of noble aspirations
and human heroism, and to grasp it in
the eye, in all its incongruous integrity,
at one single glance—to take, as it were,
an angel's view of that huge town
where, perhaps, there is more virtue
and more iniquity, more wealth and
more want, brought together into one
dense focus than in any other part of
the earth.”

Short Reviews

JRELUDES IN THEORETICAL PHYSICS,

ix Honxor or V. F. WEeisskorr,
edited by A. De-Shalit, H. Feshbach
and L. Van Hove. North-Holland Pub-
lishing Company ($12.75). When Victor
Weisskopf, a well-liked and respected
physicist, announced that he was re-
signing his post as director general of
the European Organization for Nuclear
Research (CERN) after a five-year term
and returning to his professorship at
the Massachusetts Institute of Tech-
nology, a number of theoretical physi-
cists who had spent time at CERN



during his tenure were invited to con-
tribute to a volume honoring him. The
papers, as in any comparable Fest-
schrift, are a mixed bag, but the con-
tributors include some of the foremost
investigators in the field. A few have
let themselves go and produced jeux
d’esprit, which are more or less de-
signed to emulate and to appeal to
Weisskopf’s broad outlook, his “intui-
tive” way of looking at the problems
and dilemmas of contemporary physics,

his constant attempt “to reduce to bare |

minimum formal derivations.” Among
the stimulating items are R. Hagedorn’s
“Causality and Dispersion Relations,”
an imaginary dialogue between “In-
ventor” and “Physicist” about a pair of
sunglasses conceived by “Inventor” that
let through only one frequency and ab-
sorb the rest (“Physicist” proves to “In-
ventor” that the glasses will not work
and along the way teaches him a bit
about causality); J. Robert Oppenheim-
er’s discourse (“The Symmetries of
Forces and States”) on the wholly un-
solved mysteries (“beyond or against
quantum theory and relativity”) of the
hierarchies of interactions and symme-
tries that continue to challenge and
leave a “great work for physicists”;
Philip Morrison’s essay “Time’s Arrow
and External Perturbations”; Leslie T.
Foldy’s design for a “neutron bottle,”
which he asserts is theoretically feasible
(he leaves the means of filling it as a
“nontrivial exercise for the interested
reader”); J. S. Bell and M. Nauenberg’s
“The Moral Aspect of Quantum Me-
chanics” (a notion apparently intro-
duced by Eugene P. Wigner), which
firmly charges that quantum mechanics,
for all its successes, is tainted by self-
deceptive epistemological hanky-panky,
is “at the best, incomplete,” “carries in
itself—because of defects in its internal
structure—the seeds of its own destruc-
tion” and will be superseded in time
by an “imaginative leap that will as-
tonish us.”

SOURCEBOOK IN THE HISTORY OF

PsvcrHoLoGY, edited by Richard J.
Herrnstein and Edwin G. Boring. Har-
vard University Press ($12.50). A col-
lection of 166 excerpts of writings on
different topics in the history of ex-
perimental and quantitative psychology
from Aristotle to William McDougall,
Karl Lashley, Max Wertheimer and oth-
er investigators of the present cen-
tury. The material is divided into some
15 chapters dealing with such topics
as sensory specification, psychophysics,
theories of space perception, objective
reference, cerebral localization, the re-
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disciplines in its extensive feasibility studies and operations
analysis of manned space flight systems.
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and aeronautical engineering in general.
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Deep Sky Photography with

The Celestron 10

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

‘"Observational Astronomy’> — a complete
lab manual — free to educational institu-
tions.

For more details on the Celestron 10 and
other telescopes from 4” to 36” write to:

Celestron Pacific

13214 Crenshaw Blvd., Gardena, Calif.

$ o

We supply cloud seeding materials having a
known history of success. In addition, our labor-
atory will provide unique formulations to meet
your specific requirements.

Installation of dispensers on your carrier made

with standard or special equipment as needed.

Customer list includes: U. S. Naval Crdnance
Test Station, Pennsylvania State University,
South Dakota School of Mines & Technology,
Colorado State University, Atmospherics, Inc.,
and Meteorology Research, Inc.

Weather Control
Materials Division
L. LEE WILSON ENGINEERING

P. O. Box 1069 Hollister, Calif. 95023
Telephone 408-637-4710
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flex, association, learning and the na-
ture of psychology. Useful and ably
written introductions are provided for
each chapter and excerpt. More than a
quarter of the articles are translated into
English for the first time. A fine, well-
balanced contribution to the history of
psychology; one would like to see a
comparable work on social and clinical

psychology.

BIRDS OF THE ATLANTIC ISLANDS:

VoLuMme II, by David Armitage
Bannerman and W, Mary Bannerman.
Oliver & Boyd Ltd (84 shillings). The
second volume of this study treats of
the birds of Madeira and its neighbor-
ing islands. In collaboration with his
wife, who shared the fieldwork with
him, Bannerman describes, among oth-
ers, the grebe, petrel, buzzard, specta-
cled warbler, gray wagtail, goldfinch,
bee-eater, shrike, stilt vulture, osprey,
hoopoe and jackdaw—all in his charac-
teristic fashion, which combines scien-
tific accuracy and engaging discursive-
ness. Included are eight color plates by
D. M. Reid-Henry. Two further vol-
umes are planned on the Azores and
the Cape Verde Islands.

PRACTICAL APPLICATIONS OF DYNAM-
1c SyMMETRY, by Jay Hambidge.
The Devin-Adair Company ($4.95). A
reprint of a well-known book that con-
tains lectures Hambidge delivered in
New York during the winter of 1921,
largely concerned with the application
of his principles of dynamic symmetry
to problems of architectural decoration,
furniture design, type display and the
like. One of the leading characteristics
of dynamic, as distinguished from static,
symmetry is that the lines bounding
areas embodying it are nearly always in-
commensurable, a feature the Greeks
frequently employed in the design of
buildings, vases and other things.

ALL ABOUT ANTS, by Peggy Pickering
+ % Larson and Mervin W. Larson. The
World Publishing Company ($5.95).
About 6,000 different kinds of ants are
known today, with several hundred new
kinds being discovered each year—all
together forming a kingdom of these
tiny, complex creatures that girdles the
earth and reaches from below sea level
to the highest mountaintops. There are
also many hundreds of books and per-
haps thousands of papers on the subject
from the most technical to the simplest
primers. The Larson book fits about
midway in the scale of difficulty and
high on the scale of merit. It is a clear,
compact popularization that anyone
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from a teen-ager to a grown-up can
thoroughly enjoy. It is rich in infor-
mation about life cycles, ant homes,
primitive forms, about such types as
huntresses, gardeners, dairymaids, hitch-
hikers, builders and warriors, about in-
stincts and intelligence, tastes and
smells and social organization. Ants, it
appears, have everything but labor
unions. A superior book for anyone
seeking information about these remark-
able animals. Photographs.

HE WORKsS oF WiLLiaM HARVEY,

M.D. Johnson Reprint Corporation
($25). A reprint in this publisher’s
“Sources of Science” series of Robert
Willis” well-known 19th-century trans-
lation of Harvey’s three great books:
De motu cordis, De circulationa sangui-
nis and De generatione animalium. Also
included are a biography of Harvey,
translations of several of his letters and
his last will and testament.

THE Crass OF SacamI Bay, by Tune
Sakai. East-West Center Press ($25).
Descriptions of or brief notes on 350
species of crabs selected from the Em-
peror of Japan’s collection assembled
over a period of more than 35 years.
The striking feature of the book is the
delicate watercolors of each species.

NGLO-SAXON  ARCHITECTURE, by
H. M. Taylor and Joan Taylor.
Cambridge University Press ($35). This
imposing two-volume work, to which
the Taylors devoted “the leisure of
thirty years,” is a survey and a com-
plete catalogue of the churches of En-
gland that contain well-authenticated
examples of the Anglo-Saxon style of ar-
chitecture. Anglo-Saxon in this context
means the kind that prevailed before
the Norman Conquest (although some of
the churches covered are known to have
been built after the Conquest). Follow-
ing a short introduction the authors pro-
vide a meticulous, detailed description
of each structure. There are 362 plans
and diagrams and 280 photographs
to illuminate the inventory. A superb
undertaking.

EVEREST: ToE WEsT Ripce, by Thom-

as F. Hornbein. Sierra Club ($25).
The foreword to this volume, which
gives the story of the American Mount
Everest expedition of 1963, says that
the author does not like to write but
brought himself to do the book because
he wanted to tell about the climb. His
reluctance to write is quite understand-
able: the text is a rather sad example of
high-altitude prose. Leaving aside this



by-product of mountain sickness, the
volume affords a collection of magnifi-
cent color photographs of Everest and
the surrounding countryside, of snow,
ice, trees, lakes and flowers, of the peo-
ple who inhabit this part of the world.
These are without question the most
stunningly beautiful pictures of the Ev-
erest region that have yet appeared.

Notes

THE Pumsurr oF CERTAINTY, by
Shirley Robin Letwin. Cambridge Uni-
versity Press ($9.50). A study of the
work of four British writers: David
Hume, Jeremy Bentham, John Stuart
Mill and Beatrice Webb, the focus of
attention being the relation between
their political, philosophical and social
thinking.

HumaN NATURE IN GEOGRAPHY, by
John Kirtland and John Wright. Har-
vard University Press ($10). A collection
of papers, written during the period
1925-1965 by the former director of
the American Geographical Society, on
a variety of topics such as the style
of map makers, the measurements of
mountain heights and aspects of early
American geography.

IpEAs 1N MobDERN Biorocy, edited
by John A. Moore. The Natural History
Press ($8). An examination by 19 biolo-
gists of salient ideas in modern animal
biology, based on papers delivered at
the Sixteenth International Congress of
Zoology, held in Washington in 1963.

Paysics. D. C. Heath and Company
($6.12). The second edition of this co-
operative text prepared by the Physical
Science Study Committee of Educa-
tional Services, Inc., contains a number
of changes and revisions, of which the
most extensive is the rewriting of the
material on electromagnetic induction
and electromagnetic waves.

PrRIMATE BEHAVIOR, edited by Irven
DeVore. Holt, Rinehart and Winston,
Inc. ($10). A collection of papers sum-
marizing present knowledge about mon-
keys and apes in their natural en-
vironment, based on field studies by a
number of specialists in fields from
anthropology to linguistics.

A History orF BrrTisH PHILOSOPHY
To 1900, by W. R. Sorley. Cambridge
University Press ($2.45). A soft-cover
reissue (first edition 1920) of a history
of philosophy in Britain until the end
of the Victorian era.
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We split hairs

We do many things at Liberty Mirror.

You may know that we make

optical coatings, front surface mirrors,

beam splitters and dichroics. But did

you know that hair-splitting precision in

the fabrication of flat glass parts is one of
our capabilities? Also precision edgework and
resurfacing of glass components? And the
assembly of those components with mating metal frames?

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

May we serve you?

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

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

An exceptional position for a senior experimental solid state research physicist is
now open in the United Aircraft Research Laboratories. The individual who
accepts this stimulating assignment will initiate and carry out fundamental
research programs on the physical properties of matter associated with dis-
locations, impurities, and other molecular mechanisms. Salary is commen-
surate with qualifications, which require at least two years experience beyond
Ph.D.

Inquiries regarding this position are invited. Please send your resume in com-
plete confidence to Mr. R. D. Ciriack, or call collect (203-565-4489), United

Aircraft Research Laboratories, East Hartford, Connecticut...an equal oppor- .

tunity employer, M & F.

Seniof
esearch

physicist
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We print the sprocket holes here to show exactly what the Questar Field Model below impressed
on the Tri-X negative., Time, 1/500 second. Camera, Questar-modified Nikon F. The sharp tips
of the palmetta leaves at lower left on this 8x10 enlargement proves resolution s truly astonishing.

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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KEEP PACE WITH SPACE AGE! SEE MANNED MOON SHOTS, SPACE FLIGHTS, CLOSE-UP!

AMAIZING OPTICAL BUYS

and OTHER SCIENTIFIC BARGAINS

At Long Last—Graphic Solutions to Myriad Equations

Square (Kit ‘‘B")
Incredible new tool of visual technology. Demonstrates

Spiral (Kit “/B")

many advanced physics concepts. Applications to
probability theory, information theory including removal
of noises in signals. Also demonstrates theory of perspec-
tive, potential theory and physical optics. Now used by
researchers, designers, inventors. Creates fantastic vis-
ual effects. Employed with uncommon success in pack-
aging, textlles and graphlc arts. Forms basis for
“OP-ART,” “OP-DESIGNS,” “OP-EQUATIONS.”
Range of math problems from simple arithmetic to cal-
culus of vectors. Measures diffraction pattern movement
produced by lasers. Gauges diffusion of molecules in
solution or heat waves. Evaluates liquid fiow, stress
lines, distortion of metals. Measures elastic moduli. Ele-
ments used include equi-spaced linear, logarithmic and
circular rulings. Developed and simplified for business
and scientific uses by Dr. Gerald Oster, Brooklyn Poly.
Inst. Kit contains: 8 basic patterns on both clear acetate
in lantern slide size—314”x4” (.020” thick) and white
Kromekote coated one side—33{7”x41%” (.012” thick);
two pieces 3/"x4” 150-dot screen on l%lm copy or Dr.

Oster’s book, ““The Science of Moiré Patterns” —an
lntroductmn to this new world of v1sual technology
Stock No. 719-S (K . Ppd.
Stock No. GO 464-S (Wlthout hook) ...... /$6.50 Ppd.

A FANTASTIC NEW BUSINESS TOOL
Checks, Measures, Experiments, Solves

MOIRE PATTERNS KITS

100’s OF INDUSTRIAL APPLICATIONS

NOW AVAILABLE IN FULL COLOR

Wait "til you see the fantastic rainbow of color—all 8
patterns in Deluxe Kit ‘*“A’" in full transparent colors,
red, yellow, blue and black (40 pcs) plus instructions.
Stock No. 60,530-S A) .50 Ppd.

NEW DE LUXE EXPERIMENTERS' MOIRE KIT “B
Eight new, totally different black and white patterns,
including 30 line logarithmic spiral (illustrated above—
most compelling of all figures); Coarse sines; 65 line
sines; perspective squares; medium grating; Gaussian
grating; converging circles; elliptical zone plate; plus
instructions by Dr. Oster.

Stock No. 70,790-S...................... $6.00 Ppd.
NEW MOIRE KIT “B"” IN COLOR. 8 new patterns
above in red, yellow, blue and black; with inst. by
Dr. Oster.

Stock No. 60,531-S............ eeeeeeae $12.50 Ppd.
NEW JUMBO 20” x 25" MOIRE PATTERNS. Excel-
lent for displays and signs. Write for details and prices.
MOIRE PATTERN ACCESSORY KIT. For addition~
al experiments. Contains metallic balloon, calcite, two
kinds of diffraction gratings, one-way mirror film, polar-
izing materials, Ronchi rulings, assortment gg lgnses

See the Stars, Moon, Planets Close Up!
3" Astronomical Reflecting Telescope
(Famous M¢t. Palomar Type)

See the stars, moon, phases of
Venus, planets close up! 60 to 180
power—famous Mt. Palomar Re-
flecting type. Unusual Buy!
Equipped with Equatorial mount;
finder telescope, hardwood trlpod
Included Free: “STAR CHART”;
272-page ‘“‘HANDBOOK OF
HEAVENS"”; “HOW TO USE
YOUR TELESCOPE” book.
Stock No. 85,050-S. .. .. ................ $29.95 Ppd.
4%" Astronomical Reflector Telescope!
45-270 Power. New Vibration Free Metal Pedestal Mount.
Stock No. 85,105-S F.0.B. Barnngton. N.J.

SUPERB 6" REFLECTOR TELESCOPE!

Inc. electric clock drive, setting circles, equatorial mount, pedestal base.
Stock No. 85,086-S.
SOI.ID WOODEN PUZZLES
12 Different puzzles that will
== stimulate your ability to think
h and reason. Here is a fascinat-
ing assortment of wood puzzles
]

o7 | sure. Twelve different puzzles,
animals and geometric forms
- to take apart and reassemble,
give a chance for all the family,
young and old, to test skill, patience and, best of all, to
stimulate ability to think and reason while having lots
Stock No.70,205-S . ................. $3.00 Postpaid

Fascinating Top Adaptation of Binary Digital Computer

BEAT “DR. NIM” IN ANCIENT GAME!

Not easy, but fun for all! Thrilling
for youngsters. Challenging for
adults. Teaches computer funda-
matical ability. To play, release 1
to 3 marbles for roll down plastic
game board through series of flip-
flop channels. How you SET flip~
flops to begin and path of travel
for each marble, determines path
NIM automatically plays 1, 2 or 3 marbles. If you can
make him take the last marble you win! Game great Ior

playroom and partles, year-round fun. Durable red &
white plastlc 113" 1215” x 1%2”. 24-p. Instruction
Booklet
Stock No. 70,816-S ... ................... $2.98 Ppd.

4 eyepieces for up to 57! Teflon bea’rmgqso F.0.B. Barrington, N.J.
that will provide hours of plea-

of fun. Order yours now.
mentals, without need for mathe-
of succeeding marbles. All plays predictable. Now DR.
MukeYour Own Powerful AstronomicalTelescope

1 GRIND YOUR OWN

. ASTRONOMICAL MIR-

t"ﬂ Gna 4 ROR. Kit2 contaln fine an-
f'. _ | nealed pyrex mirror blank,
i i tool, abrasives, dlagonal
\Jv-"‘.’ mirror and eveplece lenses

i You ean bulld Instruments

f;.ilnu in \nlur from £75.00 to hund of dollars

Mirrer Thickness

10,001-% ( ] LN Pad.
70,004-5 & 1 X Ppd.
79,005-5 ¥ 18;* . Ppd.
70,006-5 10 1%° 30.75 | f.a.b.
76,007-5 1247 0 58,85 | Rarringten
MAIL COUPON FOR FREE CA‘I’AI.OG'

1 Completely New 1966 Edition i

I 148 Pages—Nearly 4500 Bargams |
EDMUND SCIENTIFIC C

Barrington, New Jersey 08007

Please rush Free Giant Catalog S

Name

Address

State. Zip.

ORDER BY STOCK NUMBER

Stock No. 60,481-5 ...................... Ppd.
SOLVE PROBLEMS! TELL FORTUNES! PLAY GAMES!
NEW WORKING MODEL =
DIGITAL COMPUTER
MINIATURE VERSION OF
GIANT ELECTRONIC BRAINS

Fascinating new see-through model computer a—~
actually solves problems, teaches computer —
fundamentals. Adds, subtracts, multiplies, shifts, complements, carries,
memorizes, counts, compares ., Sequences. Auractwely colored, rigid plas-
tic parts easily assembled. 127 x 3% x 43{". Incl. step-by-step assembly
diagrams, 32-page mmucnon book covering operatlon computer language
(binary system), programming, problems and 15 experiments.

StOck NO. 70,683=S .. ... ..ouviieuiieinaneiiainennn $5.98 Ppd.

DETAILED PROGRAMMING BOOKLET FOR EXPERIMENTS
Stock No. 9080-S.............. (50 Pages).........oeunn $1.00 Ppd.

Brand New, Quick-Charge, Industrial Surplus

28 NICKEL-CADMIUM BATTERY
Unparalleled Value

For the first time a 6-volt, light-weight nickel-
cadmium battery in stainless steel, strap type
casing. 4-amp hour capacity. Almost unlimited
life—thousands of discharge-charge cycles with
minute deterioration—charges fully in approx.
1 hr. with Edmund charger kit. Just a few drops
of water per year provide full maintenance.
Hundreds of uses for hobbyists, amateur photographers,
campers, model builders, etc. Unequalled for rechargeable
lanterns; cycle scooters, and boat lights; portable fluorescent
and ultra-violet lights; electronic flash units. Battery re-
quires minimum of electrolyte; is sealed to prevent loss;
delivers nearly 100% of output below freezing temperatures
compared to 50% by lead-acid batteries. No corrosive fumes
under any stage of recharge. Can’t be damaged by accidental
charge in reverse (but not recommended). Stud type termi-
nals on top 1%” apart marked for polarity, 6/32 thread,
nuts and lock-washers. 6”x2”x4”, Wt. 2 lbs. 12 ounces.
Stock No. 70,776-S.................... $15.00 Ppd.
CHARGER KIT FOR 6-VOLT BATTERY. Charges in
approx. 1 hr. Shuts off automatically, attaches to Stock
No. 70,776 battery case. Includes transformer, ballast re-
sistors, charger circuit board, mounting hardware, 8-ft.
cord, plug switch, assembly instructions.
Stock No. 70,807-S..................... $8.00 Ppd.
ONE 1.2-VOLT NICKEL-CADMIUM CELL
Stock No. 40,798-S..................... $3.95 Ppd.

War Surplus! American-Made
7X50 BINOCULARS

Big savings! Brand new! Crystal-
clear viewing—7 power. Every opti-
cal element is coated. An excellent
night glass—the size recommended
tor satelllte viewing. Individual eye
focus. Exit pupil 7 mm. Approx.
field at 1,000 yds. is 381 ft. Carry-
2 ing Case included. Amerlcan 7x50's
normally cost $274. Our war
surplus price saves you real money.
Stock No. 1544-S.................. only $74.80 Ppd.
7x 35 AMERICAN MADE BINOCULARS

Stock No.964-S........................ 5.00 Ppd.
6 x 30 Binoculars—similar to a a terrific bargain.
Stock N0.963-S........................ .00 Ppd.

Precision Marine Time Piece
SHIP'S BELL CLOCK
Faithful Time Afloat or Ashore

Handsome metal case in either brass or
chrome. Highly corrosion resistant for
use on shipboard or home. Finely made,
unusually high quality. 8-day clock has
familiar 1 to 12 dial—also marked with
24-hour system of timekeeping and tradi-
tional watch periods from Evening (or First) Watch through
Second Dog Watch. Chimes nautical half-hour intervals from
1 to 8 bells. (can be turned off). Thermometer at bottom of
dial. Wt. 6 lbs.

Stock No. 70,781-S Brass $70.00 Ppd.
Stock No. 70,782-S Chrom .$70.00 Ppd.

PEN ACCT TO RATED FIRMS + SATISFACTION GUARANTEED!
€O., BARRINGTON, NEW JERSEY 08007
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Vol. 2, No. 1, pages 1-21; July, 1963.

SHORT-TERM MEMORY AND INCIDENTAL
LEARNING. Leo Postman in Categories
of Human Learning, edited by Arthur
W. Melton. Academic Press Inc.,
1964.

SHORT-TERM MEMORY AND PAIRED-
AssOoCIATE LEARNING. Bennet B.
Murdock, Jr., in Journal of Verbal
Learning and Verbal Behavior, Vol.
2, No. 4, pages 320-328; November,
1963.

SHORT-TERM VERBAL MEMORY AND
LearniNG. Lloyd R. Peterson in Psy-
chological Review, Vol. 73, No. 3,
pages 193-207; May, 1966.

BORON CRYSTALS

THE NATURE oF THE CHEMICAL BoND
AND THE STRUCTURE OF MOLECULES
AND CRYSTALS: AN INTRODUCTION TO
MODERN STRUCTURAL CHEMISTRY.
Linus Pauling. Cornell University
Press, 1960.

PROGRESS IN THE PREPARATION AND DE-
TERMINATION OF THE PROPERTIES OF
Boron. A. W. Laubengayer, A. E.
Newkirk and R. L. Brandaur in Jour-
nal of Chemical Education, Vol. 19,
pages 382-385; August, 1942.

STRUCTURAL INORGANIC CHEMISTRY.
A. F. Wells. Oxford University Press,
1926.

STRUCTURE AND PoLyMoORPHISM IN EL-
EMENTAL Boron. J. L. Hoard in Bor-
ax to Boranes, edited by Robert F.
Gould. Advances in Chemistry Series
No. 32. The American Chemical So-
ciety, 1961.

MATHEMATICAL GAMES

Tue LiFe AND WORK OF SIGMUND
Freup, Vor. I: THE ForRMATIVE
YEARS AND THE GREAT DISCOVERIES,
1856-1900. Ernest Jones, M.D. Basic
Books, Inc., 1953.

Tue OriGiNs oF PsycHo-ANALYsIS: LET-
TERS TO WILHELM FLIESS, DRAFTS
anp Notes, 1887-1902. Edited by
Marie Bonaparte, Anna Freud and
Ernst Kris. Authorized translation by
Eric Mosbacher and James Strachey.
Basic Books, Inc., 1954.

THE AMATEUR SCIENTIST

FunDAMENTALS OF AutoMATIiC CON-
TRoL. G. H. Farrington. John Wiley
& Sons, Inc., 1951.

PrincipLEs oF MEcHANISM. F. Dyson.
Oxford University Press, 1951.

PRINCIPLES OF SERVOMECHANISMS. Gor-
don S. Brown and Donald P. Camp-
bell. John Wiley & Sons, Inc., 1948.
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Would Hertz ever stoop tbribg its customers?

Only $50 worth, that’s all. We call it Certified Service. $50 at stake every time we rent a car, we make sure it’s in

It's your guarantee that the new Ford or other car you 2&PPle-pieoperating condition.)

rent from Hertz will be in such perfect condition you won’t Not a big deal, maybe. But wouldn’t you think all rent-a-
even have to think once about it. car companies would guarantee your satisfaction this way?

Or we pay you $50 in car rental certificates. (And with No one else does, you know.

| HERTZ

RENT A CAR

Let Hertz put you in the driver’s seat. (Isn’t that where you belong?) © wenrz sverem, . 1966
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"If we could first know where we are
and whither we are tending,

we could better judge what to do
and how to do it."

Abraham Lincoln

Surprisingly, one of the problems
in the art and science of chemical
research is deciding upon objectives.

The world is moving so rapidly,

and in so many different directions,
that selection has become
increasingly difficult.

And while ambitions may be infinite,
resources are finite--even in
large-size research organizations.

In making our research decisions

we try to remain flexible—-ready

to match objectives and resources
with the varying needs of a world
in constant change.

Allied Chemical Corporation
61 Broadway, New York, N.Y. 10006

llied

hemical

Divisions:

Barrett * Fibers * General Chemical
International * National Aniline
Nitrogen <+ Plastics * Semet-Solvay
Solvay Process * Union Texas Petroleum
In Canada:

Allied Chemical Canada, Ltd., Montreal
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