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UOP has a piece
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Take a seat in the sky.

Or the gasoline in the pump at the side
of the highway.

Would you be surprised to learn that
one company, UOP, has a lot to do with
both comfort in the sky and efficient
power for your everyday driving?

You shouldn’t be surprised, really,
because UOP is a surprising company
doing many exciting things. It is a company
held together by the common denominator
of inexhaustible scientific curiosity.

For airliners not yet in the sky (the giants



to highways

of the action in your life.

carrying 300 to 400 passengers)

UOP’s Aerotherm Division has designed
and is building the finest airplane
passenger seats money and imagination
can put together. They’re sculptured to
people-proportions. Secure. Safe.

And UOP’s curious cats at the REF
Dynamics Division have developed the
quite incredible freezer-oven for the
airline galleys they make. This little
miracle of compactness can handle
gourmet treats at temperatures ranging

from 10 degrees below zero to 450 above.

You’ve heard of Platforming®? That
was an original by the scientists at UOP
Process Division. Now widely used in
formulating the most efficient gasolines,
Platforming stands as one of the major
breakthroughs in petroleum refining.

Universal Oil Products Company is also

poking its nose for the new into such areas

as fragrances, ground transportation
equipment, pollution control, fabricated
metals, petrochemical processes.

No end in sight. Whoever you are,
UOP has a piece of the action in your life.
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The Continental Mark I11.

The most authoritatively styled, decisively individual motorcar of this generation.
From the Lincoln-Mercury Division of Ford Motor Company.
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Out of ‘this world

The unfailing accuracy of
synchronous speed silently
achieved by the entire drive
assembly, from the Synchro-
Lab Motor™ to the full size,
kinetically matched, low-mass
turntable.

Out of this world, the satis-
faction of hearing music with-
out distortion, always on pitch
as recorded.

Out of this world, the
Garrard SL 95, reflecting the
most advanced engineering in
automatic turntables.

For Comparator Guide,
write: Garrard, Dept. AD169,
Westbury, N.Y. 11590.

..

World's Finest

THE COVER

The photograph on the cover shows the core assembly of a nuclear reactor
cooling in a pool of water at the Oak Ridge National Laboratory. The as-
sembly has been removed from the high-flux isotope reactor, where neu-
trons from the uranium in the assembly have been used to bombard pluto-
nium to create isotopes of synthetic elements such as californium (see “The
Synthetic Elements: IV,” page 56). When the core is taken out of the re-
actor, it is hot in terms of both radioactivity and temperature. The blue
color, which is typically seen when sources of intense radioactivity are in
water, arises from Cerenkov radiation resulting from the passage of high-
speed electrons through the water. The slight distortion in the photograph
is the result of turbulence in the water generated by heat from the core
assembly. The inner fuel element, consisting of 171 curved plates each .05
inch thick and 24 inches long, has an outside diameter of 10% inches; the
outer fuel element has 369 plates and is 17% inches in outside diameter.

THE ILLUSTRATIONS

Cover photograph by Sol Mednick
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SCIENCE.“SCOPE

The largest and most powerful communications satellite launched to date was put
into synchronous orbit February 9 over the Pacific. Built for the Department

of Defense by Hughes, the 1600-pound experimental giant is two stories tall and
more than eight feet in diameter. It is so powerful its signals can be received
by all types of ground terminals, including those with antennas as small as one
foot in diameter. It will be used by the Army, Navy and Air Force to determine
the feasibility of using synchronous satellites for tactical communications with
small mobile ground stations, aircraft, and ships at sea.

Undergoing space test for the first time is a new concept of spacecraft stabil-
ization called Gyrostat. It enables the DOD satellite -- despite its enormous
size and weight -- to spin on its minor axis so that its mechanically '"de-spun"
cluster of antennas is always pointed toward earth. Construction of the new
satellite was directed by the U.S. Air Force Space and Missile System Organi-
zation (SAMSO).

A small, speedy, fourth-generation computer, designed to meet the military's
highly sophisticated command-and-control requirements in the 1970s and beyond,
is being built by Hughes under a multi-million-dollar company-funded program.
Basic size is only 4% cubic feet. It will handle up to five million operations
a second and store up to 256,000 words in its memory, and is designed for modu-
lar expansion in both hardware and software to meet changing requirements.

A new pictorial area-navigation system is being tested by United Air Lines on
its Chicago-New York and Chicago-Minneapolis routes. The Hughes-developed Navi-
gation Direction System, with its compact digital computer, uses 35mm film to
project navigational charts on a cockpit display.

The seven-inch-diameter screen displays a moving map upon which are superimposed
a symbol for the aircraft and all navigational guidance information. System en=-
ables pilots to plan a desired course to destination and shows aircraft position
and guidance in relation to it. Additional features include display readouts of
ground speed, distance, and "time-to-go" to selected check points or destination.

New development programs at Hughes have created immediate opportunities for
Circuits, Communications, Display, Electronics Packaging, Electro-Optical,
Radar, Solid State Microwave, Sonar, Systems, and Test Equipment Engineers.
Requirements: engineering degree, at least two years of related experience,
U.S. citizenship., Please send your resume to Mr. J. C. Cox, Hughes Aircraft
Co., P.0O. Box 90515, Los Angeles, 90009. An equal opportunity employer.

NASA's Project Viking plans to softland an unmanned spacecraft on Mars in 1973.
The project calls for two 5,000-1b., spacecraft consisting of a Surveyor-type
softlander and a Mars/Mariner orbiter, and will use a Titan 3D-Centaur launch
vehicle. One of the softlander's missions will be to determine whether extra-
terrestial life exists., Hughes, member of the Project Viking industrial team
formed by Boeing, designed and built the five Surveyor spacecraft that landed
on the moon to pave the way for Apollo astronauts.

Creating a new world with electronics
s T R A
]
]
!
[}

HUGHES |

HUGHES AIRCRAFT COMPANY
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The descriptive quotation above is the title of a paper pub-
lished by Patrick H. Verdone of Goddard Space Flight Center,
regarding a special all-quartz Questar used in two rocket flights
to photograph the sun in the near ultraviolet. Mr. Verdone’s
report on the equipment and its performance appears in the
March 1967 issue of Applied Optics. The entire project is
covered in a paper called “Rocket Spectroheliograph for the
Mg II Line at 2802.7 A” by Kerstin Fredga.

In the past we have pointed with pride to the many things
Questar can do for you, the hobbyist, by bringing you superb
resolution for astronomical and terrestrial observing and pho-
tography, in a fully mounted yet portable instrument. Imagine
how gratifying it is that this versatility also can serve so many
fields in industry and scientific research. The closed-circuit
televising of nearby objects, photography of earth and sky from
the Gemini capsules, laser sending and receiving, and now the
rocket-borne investigation of the sun, are but a few of the uses
so radically different as to appear to be beyond the capacity of
a single instrument. Yet all are in the day’s work for Questar.
It strikes us that when you make the world’s finest optical
system, the world finds ways to use it.

Questar, the world’s finest, most versatile telescope, priced from $795,
is described in our new booklet which contains more than 100 photographs,
50 in color, taken by Questar owners. Send $1 for mailing anywhere in
North America. By air to rest of Western Hemisphere, $2.50; Europe and
North Africa, $3.00; elsewhere, $3.50.

QUESTAR

BOX 20 NEW HOPE, PENNSYLVANIA 18938
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- LETTERS

Sirs:

In L. Sprague de Camp’s February
article on the “monkey war™ he writes
that “in a sense the defense in the Scopes
case won after all.” Unfortunately, in
spite of the ridicule heaped on the Fun-

| damentalists, the truth is that they ac-
complished exactly what they desired.
Although public attention has been al-
most exclusively on the antievolution
laws, a far more significant phenomenon
has been virtually ignored: what hap-
pened to high school biology textbooks

| following the Scopes affair. Within two

| years after the trial virtually every text-
book was revised so as to gloss over
or eliminate entirely the thorny issue of
evolution. The publishers were naturally
loath to risk losing the Southern market
for their books, so that all school sys-
tems, North as well as South, had to be
satisfied with an emasculated version of
evolution. Truman Moon’s Modern Biol-
ogy (published by Holt) is the best and
most widely used example of this placat-
ing of the Fundamentalists.

Not until the late 1950’s and the in-

"A TELESCOPE SUITABLE FOR ROCKET-BORNE INSTRUMENTATION" ' oduction of the Biological Sciences

; Curriculum Study (BSCS) textbooks was
evolution reintroduced to high school
biology texts to a significant degree (al-
though there were a few good but sel-
dom used texts available). Only then did
the quality of the treatment of evolution
generally available to the high school
student actually surpass (or even equal)
that of the pre-Scopes era. Thus the en-
tire history of the Scopes trial and its
aftermath shows us quite clearly just
how effective social pressures against
science can be, even when they are dis-
missed by the educated citizenry as
sheer nonsense.

PETER D. MiLLER

Cleveland Heights, Ohio

Sirs:

Whilst on passage from Panama to
Charleston, S.C., our vessel was proceed-
ing up the Florida Strait on the evening
of January 7.

When we were some 18 nautical miles
east of Jupiter Inlet at about 19:40 E.S.T.
we saw first two luminous clouds and
then a third appear in the sky above the
western horizon over Florida.

As the clouds grew in size and changed



in shape they were finally identified by
reference to the November 1968 issue
of Scientific American as being artificial
plasma clouds in space. Their behavior
was exactly as predicted in the article by
Gerhard Haerendel and Reimar Liist,
including the separation of the ionized
particles along the lines of force in the
earth’s magnetic field.

A social psychologist might be inter-
ested to note the initial reactions of the
bewildered observers at sea. The captain
suggested that the strange lights were
the arrival of the Angel of the Lord. The
mate put forward the idea of invading
Martians. The teen-age apprentice be-
lieved it to be a stunt to advertise the
opening of a new supermarket, “seeing
as it'’s over Florida.” The closest guess
was that of a Scottish sailor from the
Shetland Islands, who thought the
Northern Lights had wandered off
course.

May I thank you for your articles?
This one was certainly a guide to per-
plexed laymen.

G. C. WaLL1s

Master
SS Pacuare
New York, N.Y.

|
Scientific American, April, 1969; Vol. 220, No.
4. Published monthly by Scientific American, Inc.,
415 Madison Avenue, New York, N.Y. 10017;
Gerard Piel, president; Dennis Flanagan, vice-
president; Donald H. Miller, Jr., vice-president
and treasurer. |
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_ Ours doesn't lose
its meter when you add a
Wa|St level flnder- = = Or add a right angle

finder, or either of two high magnification finders, or any one of
nine special-purpose focusing screens. That’'s because the meter’s
on the mirror and the mirror sees all the light the lens sees before
it is diffused or altered by finders, focusing screens, etc. This is one
of many reasons why the Beseler Topcon Super D has superseded
all other 35mm cameras where precision photography is critical
for national security.

Beseler

Topcon
SuperD

Charles Beseler Co. / 219 South 18th Street / East Orange, N.J. 07018
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20 AND 100
YEARD AGO

APRIL, 1919: “Each week brings
forth new entries in the great trans-
Atlantic flight contest. Already there
are well over a half-dozen recognized
participants, and many more are about
to announce their entry in the greatest
competition in aviation history. In fact,
the trans-Atlantic flight is rapidly be-
coming a race, for there can be little
doubt that several participants will suc-
ceed in making the crossing within the
next few months. The British have sev-
eral dirigibles of great cruising range
available for the flight, and aviation men
have momentarily expected to hear of
a British dirigible landing in Nova Sco-
tia or Newfoundland after a successful
crossing. In addition, there is Captain
Sunstedt with his graceful seaplane; the
British with the Sopwith two-seater, to
be piloted by Harry Hawker and Lieut.-
Com. McKenzie Grieve, and the Porte
triplane; the Americans with the Model
T flying boat, which has five Liberty
motors and has a cruising range well
over 2,000 miles; the French with their
Caudron, which has a range well over
1,200 miles, making it eligible for the
shorter southern route; the Italians with
their Capronis, which, it is understood,
are being rushed for the competition;
and many others not yet announced.
Sometime in April ought to mark the
first flight across the Atlantic, with ei-
ther the British or the Americans as the
most likely winners of the London Daily
Mail prize of $50,000.”

“The steamer George Washington,
which has been carrying President Wil-
son back and forth between the United
States and Europe, is no doubt the best-
equipped ship afloat as regards radio
cquipment. Indeed, it has been referred
to as a floating laboratory for wireless
experimentation and research. The radio
equipment on the first trip with the Pres-
ident consisted of one low-power spark
transmitter, one 16,900-meter long-wave
receiving set, one short-wave 600-meter
receiving set for spark signals, one short-
range radio-telephone transmitting and
receiving set, one vacuum-tube 4350-

8

meter receiving set. The escorting bat-
tleship Pennsylvania received messages
transmitted from the high-powered sta-
tions at Annapolis, New Brunswick
and Tuckerton in the U.S., and Lyons
in France, intended for the President
and relayed them by the vacuum-tube
and radio-telephone sets simultaneously.
Messages from the President destined
for the U.S. or France were sent from the
George Washington to the Pennsylvania
by the vacuum-tube or radio-telephone
set, and relayed by the battleship’s 30-

kilowatt arc transmitter.”

“With the death of Sir William
Crookes, which took place on April 4th,
the world of science mourns the loss of
an investigator who belonged to a type
which is very seldom met with in mod-
ern times. Nowadays specialization is so
intense that it is hard to find a physicist
who has done work in more than one or
two branches of physics, or a chemist
who has done work in more than one or
two branches of chemistry, but in Sir
William Crookes we have a man who
was a direct descendant of the giants of
old, men who could turn their attention
with equal ease to several of the great
divisions of science and achieve work of
lasting importance in each. Sir William’s
striking combination of diverse gifts,
keen observation, patient and inexhaust-
ible experimental skill, together with the
glowing mind and imagination of a poet,
have assured him for all time a settled
place in the great list of English men of
science.”

“According to a note in the Chemical
Trade Journal, a new radio-active ele-
ment of considerable emissive power has
been detected in the residue from pitch-
blende, the mineral source of radium.
This residue was subjected to treatment
which finally left undissolved only the
members of the tantalum group; and
this remainder showed a radiation that

proceeded mainly from the evolution of |

actinium and indicated the presence of
the new element ‘protactinium.””

APRIL, 1869: “There are only 75
miles of rail remaining to be laid on the
Pacific Railroad, and it is expected that
a locomotive will run through to San
Francisco early in the summer.”

“A good needlewoman with her nee-
dle makes from 25 to 30 stitches per

© 1969 SCIENTIFIC AMERICAN, INC

minute, whereas a modern sewing ma-
chine will make 1,600. Yet we cannot
call this last a labor-saving machine, so
far as regards the operator on it. As com-
pared with sewing by hand, sewing by
machine is really a very laborious and
fatiguing occupation. Our stage and
street horses are changed several times
a day, but sewing girls at their machines
are expected to work for 10 or 12 con-
secutive hours with intermittent but
continually repeated motions of the mus-
cles of the lower limbs. We have before
us a very interesting report, addressed
to the Société Médicale des Hopitaux
by Doctor Guibout, on the sanitary con-
dition of the many sewing machine op-
erators who came under his personal
notice in the public hospitals of Paris.
Hollow cheeks, pale and discolored
faces, arched backs, epigastric pains,
predisposition to lung disease and other
special symptoms too numerous to be
specified were found to be the general
characteristics of all the patients. These
disastrous effects must eventually tend
toward the deterioration of our race and
deserve, from a humanitarian point of
view, the most serious consideration of
all friends of mankind.”

“A noteworthy feature of a recent dis-
play of velocipede riding on Clinton
Street in Brooklyn was the fact that not
a solitary horse shied at the velocipedes,
much to the disgust of those who had
prophesied that bicycles would lead to
endless accidents from frightening hor-
ses in the street.”

“Immense discoveries of gold placers
are reported from Alaska. The locations
are on the mainland, 120 miles from
Kodiak Island, at latitude 61 degrees
north and longitude 152 degrees west.
There several discoveries have been
made; the first on Kuyack river and
Chigmet mountains, the second about 60
miles above Sitka, the third on an ocean
island, the name of which is unknown.”

“Under-sea tunnels are attracting the
attention of English engineers. In addi-
tion to the projected tunnel under the
English Channel between Dover and
Calais, it is now proposed to unite Scot-
land and Ireland by a tunnel running
from a point on the north-east coast of
Antrim, Ireland, to Glenstrone, Scot-
land, passing through the high rocky
peninsula called the Mull of Cantyre.
The total length of the tunnel is esti-
mated at 14 miles three furlongs. The
ground through which it would have to
be dug, it is asserted, is exactly suited for
tunneling operations, and the sandstone



for lining it can be had in any quantity |
on the Irish side. It is proposed to con-
struct the tunnel for a single line only,
the extreme depth being 21 feet and the
clear width at the level of the rails 15
feet. Three lines of rails, to accommo-
date wide- and narrow-gage carriages,
however, are to be laid. The time esti-
mated for completing the tunnel is about
six years, and the cost $21,250,000.” ‘

“The old hypothesis of Herschel, still
also copied in some of our school books,
that the sun is a dark, cold, solid body,
surrounded by a luminous atmosphere,
is utterly disproved by means of one of
the most valuable inventions of our dec-
ade—the spectroscope. Indeed, this in-
strument has proved not only that the
sun possesses a high temperature but
also that this high temperature is not
the result of a permanent combustion,
like the high temperature of our earth
(excepting volcanic fires), and also that
this temperature is so high that most
substances solid on our earth are sur-
rounding the globe of the sun as an at-
mosphere in the state of vapor, as some
of our metals, iron, nickel, sodium, etc.”

“In 1817 Sir Humphry Davy pub-
lished his theory on the causes of the
illuminating properties of flames. He
stated that this phenomenon is due to
the presence in the midst of the flame of
solid particles, which, undergoing par-
tial combustion only, were rendered in-
candescent. In a candle there were sup-
posed to be solid particles of carbon.
Recent experiments made by Dr. Ed-
ward Frankland seem to have entirely
overthrown this theory. According to |
the researches of this eminent chemist
many brilliant flames exist in nature
which cannot possibly contain any solid
matter whatever. The conclusions ar-
rived at by Frankland are that it is not
solid particles which produce luminos-
ity but that the intensity of the flame
depends on the radiation of dense but
transparent hydrocarbon or other va-
pors. The experiments of Frankland
have elicited great attention from men
of science, and a controversy is at pres-
ent taking place on the subject at the
Academy of Sciences in Paris. The con-
clusive experiments will soon be begun
in France at the Ecole Normale, by or-
der of the Emperor Napoleon II1.” ‘

“Bauxite is the name of a new min-
eral that has recently been discovered
in France. It is reported to be a hydrated
oxide of alumina, in which iron has been
replaced by alumina. Bauxite is there-
fore a source of aluminum.”

The astonishing

ROLAMITE

... upgrades your product.

... Simplifies production.
..lowers manufacturing cost.
.. multiplies sales.

..increases overall profit.

" NOW use this unique kit h

to find out how.

ROLAMITE has been called “the first basic mechanism invented in
this century,” as fundamental as the lever, wheel, crank, spring or
hinge. Some have compared its potential to that of the transistor.
Rolamite promises exciting and almost limitless possibilities in
mechanical and electromechanical design.

In its simplest form the Rolamite is a means of suspending rollers
in a flexible S-shaped metal band fastened between two guide rails.
Its primary suspension function makes lubrication unnecessary and
virtually eliminates friction.

Complete Rolamite kits — manufactured by the Precision Metals
Division of Hamilton Watch Company and designed by Donald F.
Wilkes, inventor of Rolamite—are offered with a variety of bands,
rollers, and other precision engineered parts for demonstration use.
These new kits give you a practical, low-cost way to determine
design possibilities for Rolamite in your products.

The Rolamite kit includes a 40-page instruction manual illustrating
and describing over 80 Rolamite demonstrations. To get a first-hand
understanding of this exciting concept and discover how you can
gain a new design dimension, write for your free Hamilton Rolamite
kit brochure,

PRECISION METALS DIVISION

I-AMILTON

\ WATCH COMPANY « LANCASTER, PA. 17604
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But it has other things on its mind.

The same things you worry about
every day: printing the payroll, engi-
neering calculations, accounting. ..
“The GE-635 is the only information
system anywhere that could perform
the real-time data processing for the
Apollo launch — and handle other
necessary processing at the same time,” says Dr.
R. H. Bruns, chief of the Data Systems Division at
Kennedy Space Center. “It is beyond compare.”
Credit the people at NASA for a cost-saving decision.
Rather than buy individual computers for specialized
jobs, they chose a single information system with the
ability to handle many programs concurrently — a
GE-635 system.

The 3-Dimensional Information System
This same ability could be important to you. Because

of it, a single GE-635 can operate in 3 dimensions, all
at the same time:

1. Local processing. Replace your duplicate comput-
ers and their duplicate staffs with a powerful,
central GE-635 system. You'll be able to handle
dozens of jobs concurrently, so you'll get more
work out faster.

2. Remote processing. Inexpensive input/output
computers link directly with the central GE-635.
This gives your satellite operations the full power
of the GE-635 from any distance.

3. Time-sharing. Easy-to-use time-sharing terminals
give your key people instant access to vital infor-
mation, speed up their calculating ability.

That's why we call the GE-635 the world’'s only
3-Dimensional Information System. The Apollo
launches have proved that it works successfully. Let
us prove it to you. Call your GE Information Systems
Sales Representative. Or write General Electric, Sec-
tion 290-27, 1 River Road, Schenectady, N. Y. 12305.

GENERAL @D ELECTRIC
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THE AUTHORS

GEORGE W. RATHJENS (“The Dy-
namics of the Arms Race”) is visiting pro-
fessor of political science at the Massa-
chusetts Institute of Technology. After
his graduation from Yale University in
1946 he took his Ph.D. at the University
of California at Berkeley in 1951. He
taught chemistry at Columbia University
from 1950 to 1953. From 1953 to 1958
he was on the staff of the Weapons Sys-
tems Evaluation Group in the Depart-
ment of Defense. After a year as a re-
search fellow at Harvard University he
returned to Washington as a member of
the staff of the special assistant to the
President for science and technology. In
1961 he was chief scientist in the Ad-
vanced Research Projects Agency of the
Department of Defense, becoming dep-
uty director of the agency later that year.
From 1962 to 1965 he held various ad-
ministrative posts with the U.S. Arms
Control and Disarmament Agency, and
from 1965 until he went to M.LT. he
was director of the Weapons Systems
Evaluation Division of the Institute for
Defense Analyses. Later this year he will
become vice-president for research at
Cornell University. Much of the materi-
al in his article also appeared in The Fu-
ture of the Strategic Arms Race: Options
for the 1970’s, a pamphlet by Rathjens
that was published earlier this year by
the Carnegie Endowment for Interna-
tional Peace.

BORIS EPHRUSSI and MARY C.
WEISS (“Hybrid Somatic Cells”) are at
the Centre de Génétique Moléculaire of
the Centre National de la Recherche
Scientifique in France; Ephrussi is di-
rector of the laboratory and Miss Weiss
is an investigator there. Ephrussi, who
was born in Moscow but has been a
French citizen since 1932, is in addition
professor of genetics at the University of
Paris, where he obtained his D.Sc. in
1932. He has spent several extended
periods in the U.S., notably at the Cali-
fornia Institute of Technology as a Rock-
efeller Foundation Fellow for studies in
genetics in 1927, 1934 and 1936, three
years (1941-1944) as associate professor
at Johns Hopkins University and five
years (1962-1967) as professor at West-
ern Reserve University. From 1928 to
1940 he was at the genetics laboratory
of the Rothschild Foundation in Paris.
Miss Weiss was graduated from New-
comb College for Women at Tulane Uni-
versity in 1962 and received her Ph.D.
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from Western Reserve University in
1966. She was a postdoctoral fellow of
the U.S. Public Health Service at the
New York University School of Medicine
in 1966-1967 and at the Carnegie Insti-
tution of Washington in 1967-1968.

RALPH NORMAN HABER (“Eidetic
Images”) is professor of psychology and
chairman of the department of psychol-
ogy at the University of Rochester. As
an undergraduate at the University of
Michigan he was a philosophy major. He
took his master’s degree in psychology at
Wesleyan University in 1954 and his
Ph.D. at Stanford University in 1957.
He went to Rochester in 1964 after
teaching at San Francisco State College
and at Yale University. Much of the re-
search reported in this article represent-
ed a collaboration with Jan Leask Fen-
tress, who is now at the University of
Oregon.

GLENN T. SEABORG and JUSTIN
L. BLOOM (“The Synthetic Elements:
IV”) are respectively chairman of the
U.S. Atomic Energy Commission and
technical assistant to the chairman. Sea-
borg is best known for his work on syn-
thesizing elements heavier than uranium;
he is codiscoverer of nine of the 11
generally recognized transuranium ele-
ments. For his work on the chemistry of
the transuranium elements he shared
with his colleague E. M. McMillan of
the University of California at Berkeley
the Nobel prize for chemistry in 1951.
Seaborg, who was graduated from the
University of California at Los Angeles
in 1934, took his Ph.D. at Berkeley in
1937 and remained there for a number
of years; he is still on leave as professor
of chemistry at Berkeley. During World
War II he was chiefly responsible for
the development of the chemical-separa-
tion procedures used in the manufacture
of plutonium. Returning to Berkeley in
1946, he was chancellor of the university
from 1958 until his appointment as chair-
man of the AEC in 1961. Bloom, who
was graduated from the California Insti-
tute of Technology in 1948, has served
in several technical and managerial ca-
pacities on the AEC staft since 1956.

SALLY R. BINFORD and LEWIS R.
BINFORD (“Stone Tools and Human
Behavior”) are associate professors of
anthropology at the University of New
Mexico. Mrs. Binford did both under-
graduate and graduate work at the Uni-
versity of Chicago, taking her Ph.D.
there in 1962. Her husband was gradu-
ated from the University of North Caro-
lina and received his Ph.D. from the
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University of Michigan in 1964. Until
recently the Binfords were in the depart-
ment of anthropology at the University
of California at Los Angeles.

CLIVE A. EDWARDS (“Soil Pollu-
tants and Soil Animals”) is principal sci-
entific officer in the department of en-
tomology at the Rothamsted Experi-
mental Station, a research organization
maintained in England by the nations of
the British Commonwealth. He was
graduated from the University of Bristol
in 1952 and obtained a master’s degree
in zoology there in 1954. In 1955 he be-
gan an association with the University
of Wisconsin that brought him another
master’s degree in 1956 and his Ph.D.
in 1957. He was at Rothamsted from
1960 to 1966 and then spent two years
at Purdue University, where he worked
on the breakdown of residues of corn
plants in soil and on the use of radioac-
tive isotopes in following food chains in
soil ecosystems. He notes that he is “cur-
rently writing two books,” one on the
ecology of soil invertebrates and the oth-
er on the biology of earthworms.

WALTER HOSSLI (“Steam Tur-
bines”) is chief engineer in the steam
turbine division of Brown, Boveri &
Company Limited in Switzerland. He
was born and educated in Zurich, enter-
ing the Federal Institute of Technology
there after four years of apprenticeship
as an engineer and two years of college.
He was graduated from the institute in
1956 with a degree in mechanical en-
gineering. In 1957 he joined the steam
turbine division of Brown, Boveri as a
calculation engineer, becoming head of
the calculation department in 1960 and
chief engineer in 1964.

WALTER MODELL (“Horns and
Antlers”) is professor of pharmacology
at the Cornell University Medical Col-
lege. “I am a clinical pharmacologist,”
he writes. “I am interested in the way
drugs work in man. I like to think of
myself as a scientist specializing in
human biology, subspecialty human re-
sponses to drugs.” Modell was gradu-
ated from the College of the City of
New York in 1928 and obtained his
M.D. at the Cornell University Medical
College in 1932. He taught part-time
there until 1955, working also as a con-
sultant in cardiology, and then he took
up full-time work at Cornell. His interest
in horns and antlers is of long standing,
and he plans to prepare an atlas on the
subject. He also occasionally takes chisel
in hand and becomes a sculptor working
in wood.



The seemingly simple problem of
pulling telephone wires through conduit
has important economic implications. In
large buildings, for example, we would
like to add more wires in existing con-
duits as the need for communications
services grows. But friction between the
wires eventually prevents more from
being drawn through. Then, a new con-
duit must be installed, even though the
previous one is not really full. What is
needed is slippery wire.

Recently, Bell Laboratories and
Western Electric greatly increased the
useful capacity of conduits by develop-
ing a new low-friction polyvinyl insula-
tion for the Bell System’s general-pur-
pose wire. Since the new wire slides

Which is the slippery wire?

more easily, it needs less tensile strength,
and so it can be smaller. This further
increases the number of wires a conduit
can hold. Twenty-three wires now fit
into a conduit that previously held only
four.

We did several things to make the
new wire more slippery. We made its
jacket harder—by reducing the amount
of plasticizer (vinyl softener). We added
paraffin wax for permanent lubrication.

And we made the jacket rougher—
not smoother. (The low-friction wire, en-
larged about eight times, is the top one
in the picture.) Smooth surfaces lead to
more intimate contact and, therefore,
more friction.

As aresult of this work at Bell Lab-
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oratories, Western Electric altered its
manufacturing process: previously, the
hot vinyl jackets were cooled by water
under high pressure as they emerged
from an extruder. This created a smooth
finish. Now, Western Electric avoids ap-
plying pressure during the cooling
process and thus obtains a micro-rough,
low-friction surface.

This kind of interaction between
Bell Laboratories and Western
Electric is a major factor in making
improvements quickly available
to operating telephone
companies.
From the Research and
Development Unit of
the Bell System. Bell Labs



the old computer-

In-the-
rumble-seat

' over 4,000 installations around the world.
All right there, ready and willing.

Sometimes, computers can be com-
pletely ignored.

Like when it's a Computerpack from
DIGITAL. Computerpacks are complete
laboratory systems for special purpose
jobs. Like pulse -heightanalysis. Or signal g
averaging. Or gas chromatography. Each
Computerpack comes with everything
needed for the job. The hardware. The
software. The interfaces. The works. You
plug in the problem, and out comes the
answer.

Computerpacks are made for specific
laboratory tasks. But with that computer
along, who knows what might happen
when the sun goes down.

DIGITAL EQUIPMENT CORPORATION, Maynard,
Massachusetts 01754, Telephone: (617) 897-5111 —
Cambridge, Mass. « New Haven, Conn. « Rochester,
N.Y. « New York City « Long Island, N.Y. « Princeton,
Parsippany, N.J. « Washington, D.C. « Cocoa, Fla. «
Atlanta « Knoxville, Tenn. « Huntsville « Philadelphia «
Pittsburgh « Cleveland « Dayton « Chicago «
Minneapolis « Ann Arbor « Houston « Dallas « Salt Lake
City « Denver « Albuquerque « Los Angeles « San
Francisco « Seattle. INTERNATIONAL, Ottawa «
Toronto « Montreal « Edmonton « Reading
Manchester « Paris « Munich « Cologne « The Hague -
Stockholm « Milan « Sydney « West Perth «
Melbourne « Tokyo

COMPUTERS - MODULES

However.

Inside lurks an honest-to-goodness com-
puter. APDP-8/1. 1.5 usec fast. 4096-
word core memory. FORTRAN, FOCAL,
BASIC-speaking. And software that runs
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The Dynamics of the Arms Race

Recent decisions by the US. and the US.S.R. threaten to upset

the stability of the present strategic military balance. The net

result mayv be simply to decrease the security of both countries
Y pLy Y

r I Yhe world stands at a critical junc-
ture in the history of the strategic
arms race. Within the past two

years both the U.S. and the U.SS.R.
have decided to deploy new generations
of offensive and defensive nuclear weap-
ons systems. These developments, stim-
ulated in part by the emergence of China
as a nuclear power, threaten to upset the
qualitatively stable “balance of terror”
that has prevailed between the two su-
perpowers during most of the 1960’s.
The new weapons programs portend for
the 1970’s a decade of greatly increased
military budgets, with all the concomi-
tant social and political costs these en-
tail for both countries. Moreover, it ap-
pears virtually certain that at the end
of all this effort and all this spending
neither nation will have significantly ad-
vanced its own security. On the con-
trary, it seems likely that another up-
ward spiral in the arms race would
simply make a nuclear exchange more
probable, more damaging or both.

As an alternative to this prospect, the
expectation of serious arms-limitation
talks between the U.S. and the U.S.S.R.
holds forth the possibility of at least pre-
venting an acceleration of the arms race.
In the circumstances it seems worth-
while to inquire into the nature of the
forces that impel an arms race. In doing
so we may determine how best to damp
this newest cycle of military competi-
tion, either by mutual agreement or by
unilateral restraint, before it is beyond
control.

by George W. Rathjens

There are a number of new weapons
systems under development in both the
U.S. and the U.S.S.R., but the possibili-
ties that are likely to be at the center
of discussion not only in the forthcom-
ing negotiations but also in the current
Congressional debate are the anti-bal-
listic-missile (ABM) concept and the
multiple -independently -targeted - reen-
try-vehicle (MIRV) concept. These sys-
tems, one defensive and the other offen-
sive, can usefully be discussed together
because of the way they interact. In fact,
the intrinsic dynamics of the arms race
can be effectively illustrated by concen-
trating on these two developments.

t is now 18 months since former Secre-
tary of Defense McNamara announced
the decision of the Johnson Administra-
tion to proceed with the deployment of
the Sentinel system: a “thin” ABM sys-
tem originally described as being in-
tended to cope with a hypothetical Chi-
nese missile attack during the 1970’s.
The technology of the Sentinel system
and some of the means a determined ad-
versary might employ to defeat it were
discussed in some detail a year ago in
this magazine [see “Anti-Ballistic-Mis-
sile Systems,” by Richard L. Garwin and
Hans A. Bethe; SCIENTIFIC AMERICAN,
March, 1968]. At this point I should like
to review scme of the background of the
ABM problem.
Before the Sentinel decision most of
the interest in a ballistic-missile defense
for the U.S. was focused on the Nike-X
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program. This concept involved the use
of two kinds of interceptor to protect
the population and industry of the
country against a hypothetical Russian
missile attack. Interception would first
be attempted outside the earth’s atmo-
sphere with Spartans, long-range mis-
siles with nuclear warheads in the meg-
aton range. The effectiveness of the de-
fense, however, would depend primarily
on the use of Sprints, short-range mis-
siles with kiloton-yield warheads de-
signed to intercept incoming missiles af-
ter they have reentered the atmosphere.
The system also envisaged suitable ra-
dars and computers to control the en-
gagement.

The Spartans could in principle de-
fend large areas; indeed, about a dozen
sites could defend the entire country. A
defense based solely on them could be
rendered ineffective, however, by fair-
ly simple countermeasures, in particular
by large numbers of lightweight decoys
(which would be indistinguishable to a
radar from an actual reentry vehicle con-
taining a warhead) or by measures that
would make the radar ineffective, for
example the use of nuclear explosions,
electronic jammers or light, widely dis-
persed metal “chaff.”

The effectiveness of a Sprint defense
would be less degraded by such counter-
measures. Light decoys could be dis-
tinguished from actual reentry vehicles
because they would be disproportionate-
ly slowed by the atmosphere and pos-
sibly because their wake in the atmo-
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sphere would be different. Radar black-
out would also be much less of a prob-
lem. Because of their short range, how-
ever, Sprints could defend only those
targets in their immediate vicinity. Thus
an adversary could choose to attack some
cities with enough weapons to over-
whelm the defense while leaving others
untargeted. Heavy radioactive fallout
could also be produced over large parts
of the country by an adversary’s deliver-
ing large-yield weapons outside the areas
covered by Sprint defenses. A nation-
wide defense of the Sprint type would
therefore require a nationwide fallout-
shelter program.

Although combining Sprints and Spar-
tans in a single system, as was proposed
for the Nike-X system, would compli-
cate an adversary’s penetration problem,

in a competition with a determined and
resourceful adversary the advantage in
an offense-defense duel would still lie
with the offense. As a result, in spite of
strong advocacy by the Army and sup-
port from the other branches of the mili-
tary and from members of Congress, the
decision to deploy the Nike-X system
was never made.

t the heart of the debate about wheth-
4% er or not to deploy the Nike-X sys-
tem was the question of what the Rus-
sian reaction to such a decision would
be. It was generally conceded that the
system might well save large numbers
of lives in the event of war, if the
U.S.S.R. were simply to employ the
forces projected in the available intelli-
gence estimates. On that basis propo-

L

nents argued in favor of deployment in
spite of the high costs, variously esti-
mated as being from $13 billion to $50
billion. Such deployment was opposed,
particularly by Secretary McNumara,
because of the belief that the U.S.S.R.
could and would improve its offensive
capabilities in order to negate whatever
elfectiveness the system might have had.
Indeed, because the deployment of a
U.S. ABM system would introduce large
uncertainties into the calculus of the stra-
tegic balance, there were occasional ex-
pressions of concern that the U.S.SR.
might overreact. Hence the damage in-
flicted on us in the event of war might
even be greater than it would be if the
Nike-X system were not deployed.

The Sentinel system announced in
1967 would have far less capability than

A SPARTAN
SITE

A SPRINT
SITE

B PAR
SITE

® 25 LARGEST
CITIES

SENTINEL SYSTEM, a “thin” anti-ballistic-missile (ABM) system described by the Johnson Administration as
being intended to defend the U.S. against a hypothetical Chinese missile attack in the 1970, is depicted on this
map in its original form. The main defense would be provided by Spartan missiles, long-range ABM missiles
with nuclear warheads in the megaton range, designed to intercept incoming missiles outside the earth’s atmo-
sphere. The Spartans would be deployed at about 14 locations in order to provide a “thin” or “light” area de-
fense of the whole country. The range of each “farm” of Spartans is indicated by the egg-shaped area around it;
for missiles attacking over the northern horizon, the intercept range of the Spartan is elongated somewhat to
the south. The Sentinel system would also include some Sprint missiles, short-range ABM missiles with much
smaller warheads, designed to intercept incoming missiles after they have reentered the atmosphere. The Sprints
were originally to be deployed to defend only the five or six perimeter acquisition radars, or PAR’s, which were to
be deployed across the northern part of the country. In President Nixon’s proposed modification of the Senti-
nel scheme Spartans, Sprints and PAR sites would be deployed in a somewhat different array to provide ad-
ditional protection for our land-based retaliatory forces against a hypothetical surprise attack by the Russians.
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the Nike-X system. It would include
some Sprint missiles to defend key radars
(five or six perimeter acquisition radars,
or PAR’s, to be deployed across the
northern part of the country), but the
main defense would be provided by
Spartan missiles located to provide a
“thin” or “light” defense for the en-
tire country [see illustration on opposite
page]. Spokesmen for the Johnson Ad-
ministration argued that such a deploy-
ment Wwould be almost completely effec-
tive in dealing with a possible Chinese
missile attack during the 1970’s, but that
it would be so ineffective against a possi-
ble Russian attack that the U.S.S.R.
would not feel obliged to improve its
strategic offensive forces as a response to
the decision. Both arguments were seri-
ously questioned.

Garwin and Bethe, for example, con-
tended that even the first-generation
Chinese missiles might well be equipped
with penetration aids that would de-
feat the Sentinel system. Other experts
pointed out that the system, like the
Nike-X system, could never be tested
adequately short of actual war, and that
in view of its complexity there would
be a high probability of a catastrophic
failure.

The contention that the U.S.S.R.
would not react to the Sentinel decision
seemed at least as questionable as the as-
sertions of great effectiveness against the
Chinese. Whatever the initial capabili-
ty of the Sentinel system, it seemed
clear that the Sentinel decision would
at least shorten the lead time for the
deployment of a system of the Nike-X
type. Moreover, the fact that Sentinel
was strongly and publicly supported as a
first step toward an “anti-Soviet” sys-
tem could hardly escape the attention of
Russian decision-makers.

Since the announcement of the Sen-
tinel decision, and particularly since the
change in the Administration, the argu-
ments in favor of the decision have be-
come confused. It has been variously
suggested by Administration spokesmen
that the primary purpose would be (1)
to defend the American population and
industry against a possible Chinese at-
tack, (2) to provide at least some pro-
tection for population and industry
against a possible Russian attack, (3) to
defend Minuteman missile sites against
a possible Russian attack and (4) to
serve as a l)arguining counter in stra-
tegic-arms-limitation  talks with the
U.S.S.R. It might be noted that no one
in recent months has seriously suggest-
ed that a Russian reaction to the deci-
sion is unlikely. In fact, all but the first

10,000

5,000

DELIVERABLE WARHEADS

U.S.S.R. |

" CHINA
1963 1965 1967 1969 1971 1973 1975

STRATEGIC OFFENSIVE FORCES of the U.S., the U.S.S.R. and China are compared here
in terms of the number of megaton-range nuclear warheads the U.S. could deliver against
either of the two other powers as of a given date, and vice versa. The U.S. missile force
grew rapidly during the 1960’s, offsetting a partial phasing-out of intercontinental bombers.
The Russian bomber force, meanwhile, has remained at a constant level, while their missile
force has grown steadily and shows no sign of leveling off. Thus at present the U.S. main-
tains a superiority over the U.S.S.R. of about four to one in numbers of deliverable war-
heads. The hypothetical Chinese strategic force was recently estimated by Secretary of De-
fense Laird to be 20 to 30 deliverable warheads by the mid-1970’s. The effect of the present
U.S. program to equip its Minuteman III and its Poseidon missiles with multiple indepen-
dently targeted reentry vehicles (MIRV’s) would be to increase greatly the number of U.S.
deliverable warheads by 1975 (dark gray area). It is not known what compensating actions,
if any, will be taken by the other powers in response to this development. It has been esti-
mated by former Secretary of Defense McNamara that 400 one-megaton warheads would
suffice to destroy 75 percent of the industry and 33 percent of the population of the U.S.S.R.
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MIRV CONCEPT on which the current U.S. Minuteman III and
Poseidon programs are based is illustrated by the idealized draw-
ings on these two pages. Each offensive missile will carry aloft a
“bus,” containing a number of individual reentry vehicles, or RV’s

of the arguments cited above imply the
likelihood of a Russian response.
President Nixon’s reaffirmation, albeit
with some modification, of the Sentinel
decision was presumably made on the
basis of his judgment that the first and
third of the aforementioned arguments
justify the costs of such a system, not
only the direct dollar cost but also the
cost in terms of the impact on Russian
decision-making and any other costs that
may be imputed to the system. Whether
or not his decision is correct depends
strongly on how serious the possibility of
a Russian reaction is. Before dealing
further with that question it will be use-
ful to bring MIRV’s into the picture.

"I"he problem of simulating an actual

warhead reentry vehicle is a compar-
atively easy one, provided that the at-
tacker need not be concerned with dif-
ferences in the interaction of decoys and
warheads with the atmosphere during
reentry. If one wishes to build decoys
and warheads that will be indistinguish-
able down to low altitudes, however, the
problem is a formidable one, particular-
ly if one demands high confidence in the
indistinguishability of the two types of
cbject. Improved radar resolution and
increased traffic-handling and  data-
processing capability make the problem
of effective decoy design increasingly
difficult. The development of intercep-
tors capable of high acceleration will
also complicate the offense’s problem.
With such interceptors the decision to
engage reentering objects can be de-
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ferred until they are well down into the
atmosphere; the longer the defense can
wait, the more stringent are the de-
mands of decoy simulation on the of-
fense.

As the problem becomes more diffi-
cult, the ratio of decoy weight to war-
head weight increases. There comes a
point at which, if one wants really high
confidence of penetration, one might just
as well use several warheads on each
missile rather than a single warhead and
several decoys, each of which may be as
heavy, or nearly as heavy, as a warhead.
Hence multiple warheads are in a sense
the ultimate in high-confidence pene-
tration aids (assuming that one relies on
exhaustion or saturation of defense capa-
bilities as the preferred tactic for de-
feating the defense). To be effective,
however, multiple warheads must be
sufficiently separated so that a single in-
terceptor burst will not destroy more
than one incoming warhead. Moreover,
the utility of multiple warheads for de-
stroying targets, particularly small ones
that would not justify attack by more
than one or two small warheads, will be
greatly enhanced if they can be individ-
ually guided.

In principle each reentry vehicle
could have its own “post-boost” guid-
ance and propulsion system. That, how-
ever, is not the concept of the MIRV’s
in our Poseidon and Minuteman III mis-
sile systems, which are now under de-
velopment. Rather, a single guidance
and propulsion system will control the
orientation and velocity of a “bus” from
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THIRD STAGE

(in this example four are shown). A single guidance and propul-
sion system will control the orientation and velocity of the bus,
from which the reentry vehicles will be released sequentially (left).
After each release there will be a further adjustment in the velocity

which reentry vehicles will be released
sequentially [see illustration on these
two pages]. After each release there will
be a further adjustment in the velocity
and direction of the bus. Thus each re-
entry vehicle can be directed to a sep-
arate target. The targets can be rather
widely separated, the actual separation
depending on how much energy (and
therefore weight) one is willing to ex-
pend in the post-boost maneuvers of the
bus. It is an ingenious—and demanding
—concept.

Two rationales have been advanced
for the decision to proceed with the
U.S. MIRV programs. One is that with
MIRV’s the U.S. can have a high confi-
dence of being able to penetrate an ad-
versary’s ABM defenses. The apparent
deployment of a limited Russian ABM
system in the vicinity of Moscow and
U.S. concern about a possibly more
widespread Russian ABM-system de-
ployment have been important consid-
erations in the decision to go ahead with
the U.S. MIRV programs.

The second rationale is that a MIRV
system enables one to strike more tar-
gets with a given number of boosters
than would be the case if one were using
one warhead per missile. This rationale
has been important for two reasons.

First, it enabled spokesmen for the
Johnson Administration to argue against
expanding the size of our strategic mis-
sile force during a period when Russian
forces were growing rapidly. They were
able to contend in the face of political
opposition on both flanks that, whereas
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and the direction of the bus. Thus each reentry vehicle can be di-
rected to a separate target (right). The actual separation of the tar-
gets depends on how much energy (and therefore weight) one is
willing to expend in the post-boost maneuvers of the bus. Besides

we did not contemplate expanding the
number of our offensive missiles, the
number of warheads we could deliver
would increase rapidly.

Second, it raised the prospect of a
missile force that could be used as a very
effective “counterforce” weapon. This
means that with MIRV’s a limited num-
ber of missiles might be capable of de-
stroying a larger intercontinental-ballis-
tic-missile (ICBM) force in a preemptive
attack. To achieve this performance,
however, particularly against hardened
offensive missile sites, would require a
substantial improvement in accuracy and
a high post-boost reliability—no mean
feats with a device as complicated as the
MIRV bus.

hat bearing will the deployment of

the ABM and the MIRV systems
have on the future of the arms race? In
attempting to answer this difficult ques-
tion it is instructive to consider the ex-
tent to which the choices of each of the
superpowers regarding strategic weap-
ons have been influenced by the other’s
decisions.

The actual role of this action-reaction
phenomenon is a matter of considerable
debate in American defense circles. In-
deed, the differences in views on this
question account for most of the dispute
of the past few years regarding the ob-
jectives to be served by strategic forces
and their desired size and qualities. Thus
whether the U.S. should be content with
an adequate retaliatory, or “assured de-
struction,” capability or go further and

e e .

try to build a capability that would per-
mit us to reduce damage to ourselves in
the event of war must clearly depend
on a judgment on whether Russian de-
fense decisions could be influenced sig-
nificantly by our decisions. Those who
have felt that Russian defense planning
would be responsive to our actions have
held that for the most part any attempt
by us to develop such “damage-limiting”
capabilities with respect to the U.S.S.R.
would be an effort doomed to failure.
The U.S.S.R. would simply improve its
offensive capabilities to offset the effects
of any measures we might take. This was
the basis for the rejection by the Ameri-
can leadership of the requests by the
Army for large-scale ABM-system de-
ployment and for the rejection of re-
quests by the Air Force for much larger
ICBM forces.

Although there is considerable evi-
dence to support the claim that the ac-
tion-reaction phenomenon does apply to
defense decision-making, to explain all
the major decisions of the superpowers
in terms of an action-reaction hypothesis
is an obvious oversimplification. The
American MIRV deployment has been
rationalized as a logical response to a
possible Russian ABM-system deploy-
ment, but there were also other motiva-
tions that were important: the desire to
keep our total missile force constant
while increasing the number of war-
heads we could deploy, the long-term
possibility of MIRV’s giving us an effec-
tive counterforce capability, and finally
the simple desire to bring to fruition an

© 1969 SCIENTIFIC AMERICAN, INC

being a potentially attractive means of penetrating an adversary’s
ABM defenses, MIRV’s could conceivably be effective some day
as a “counterforce” weapon, that is, a system capable of destroy-
ing the adversary’s strategic offensive forces in a preemptive attack.

interesting and elegant technological
concept.

Nevertheless, the action-reaction phe-
nomenon, with the reaction often pre-
mature and/or exaggerated, has clearly
been a major stimulant of the strategic
arms race. Examples from the past can
be cited to support this point: (1) the
American reaction, indeed overreaction,
to uncertainty at the time of the “missile
gap,” which played a central role in the
1960 Presidential election but was scon
afterward shown by improved intelli-
gence to be, if anything, in favor of the
U.S.; (2) the Russian decision to deploy
the “Tallinn” air-defense system, pos-
sibly made in the mistaken expectation
that the U.S. would go ahead with the
deployment of B-70 bombers or SR-71
strike-reconnaissance aircraft; (3) the
US. response to the Tallinn system
(which until recently was thought to be
an ABM system) and to the possible ex-
tension of the Moscow ABM system into
a countrywide system. It was in order to
have high assurance of its ability to get
through these possible Russian ABM
defenses that the U.S. embarked on the
development of various penetration aids
and even of new missiles: Minuteman
III and Poseidon.

"l“llese examples have in common the

fact that if doubt exists about the ca-
pabilities or intentions of an adversary,
prudence normally requires that one re-
spond not on the basis of what one
expects but on a considerably more pes-
simistic projection. The U.S. generally
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INVENTORY of the intercontinental delivery vehicles possessed by the U.S. (gray) and
the U.S.S.R. (color) as of October, 1968, shows that in this category also the U.S. continues
to hold a clear superiority over the U.S.S.R. This measure is not entirely satisfactory,
however, in that it does not take into account qualitative differences in the various
systems, the expected interactions during a nuclear exchange or the match of the weapons
with the targets. When such factors are taken into account, the differences between the U.S.
and the U.S.S.R. are not significant. In his final “posture” statement for fiscal 1969, for ex-

ample, former Secretary McNamara estimated that, barring drastic changes in the strategic
balance, in an all-out nuclear exchange in the mid-1970’s each country could inflict a mini-
mum of 120 million fatalities on the other—regardless of which country struck first.

bases its plans—and makes much of the
fact—on what has become known as the
“greater-than-expected threat.” In so
doing, the Americans (and presumably
the Russians) have often overreacted.
The extent of the overreaction is direct-
ly dependent on the degree of uncertain-
ty about any adversary’s intentions and
capabilities.

The problem is compounded by lead-
time requirements for response. Accord-
ing to the Johnson Administration, the
decisions to go ahead with Minuteman
I1I, Poseidon and Sentinel had to be
made when they were because of the
possibility that in the mid-1970s the
Russians might have a reasonably effec-
tive ABM system and the Chinese an
ICBM capability. The Russians had to
make a decision to develop the Tallinn
system (if the decision was made be-
cause of the B-70 program) long before
we ourselves knew whether or not we
would deploy an operational B-70 force.

Once the decisions to respond to am-
biguous indications of adversary activity
were made it often proved impossible to
modify the response, even when new
intelligence became available. For ex-
ample, between the time the Sentinel
decision was announced and the first
Congressional debate on the appropria-
tion took place during the summer of
1968, evidence became available that
the Chinese threat was not developing
as rapidly as had been feared. Yet in
spite of this information those in Con-
gress who attempted at that time to defer
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the appropriation for Sentinel failed.
Similarly, at this writing, as the Poseidon
and Minuteman III programs begin to
gain momentum, it seems much less like-
ly than it did at the time of their concep-
tion that the U.S.S.R. will deploy the
kind of ABM system that was the John-
son Administration’s main rationale for
these programs. On the Russian side, the
Tallinn deployment continued long after
it became clear that no operational B-70
force would ever be built.

Of the kinds of weapons development
that can stimulate overresponse on the
part of one’s adversary, it is hard to
imagine one more troublesome than
ABM defenses. In addition to uncertain-
ty about adversary intentions and the
need (because of lead-time require-
ments) for early response to what the
adversary might do, there is the added
fact that the uncertainties about how
well an ABM system might perform are
far larger than they are for strategic
offensive systems. The conservative de-
fense planner will design his ABM sys-
tem on the assumption that it may not
work as well as he hopes, that is, he will
overdesign it to take into account as fully
as he can all imaginable modes of failure
and enemy offensive threats. The offen-
sive planner, on the other hand, will as-
sume that the defense might perform
much better than he expects and will
overdesign his response. Thus there is
overreaction on both sides. These uncer-
tainties result in a divergent process: an
arms race with no apparent limits other

© 1969 SCIENTIFIC AMERICAN, INC

than economic ones, each round being
more expensive than the last. Moreover,
because of overreaction on the part of
the offense there may be an increase in
the ability of each side to inflict damage
on the other.

All one needs to make this possibility
a reality is a triggering mechanism. The
Russian ABM program, by stimulating
the Minuteman III and Poseidon pro-
grams, may have served that purpose.
The Chinese nuclear program may also
have triggered an action-reaction chain,
of which the Sentinel response is the
second link [see illustration on page 24].

It can be assumed that there will
be considerable pressure and effort to
make Sentinel highly effective against a
“greater than expected” Chinese threat.
Such a system will undoubtedly have
some capability against Russian ICBM’s.
Russian decision-makers, who must as-
sume that Sentinel might perform better
than they expect, will at least have to con-
sider this possibility as they plan their
offensive capabilities. More important,
they will have to respond on the assump-
tion that the Sentinel decision may fore-
shadow a decision to build an anti-Rus-
sian ABM system. Hence it is probably
not a question of whether the U.S.S.R.
will respond to Sentinel but rather of
whether the U.S.S.R. will limit its re-
sponse to one that does not require a U.S.
counterresponse, and of whether it is
too late to stop the Sentinel deployment.

It is apparent that reduction in uncer-

tainty about adversary intentions and
capabilities is a sine qua non to curtail-
ing the strategic arms race. There are a
number of ways to accomplish this (in
addition to the gathering of intelligence,
which obviously makes a great contri-
bution).

First, there is unilateral disclosure. In
the case of the U.S. there has been a
conscious effort to inform both the
American public and the Russian leader-
ship of the rationale for many American
decisions regarding strategic systems
and, to the extent consistent with secu-
rity, of U.S. capabilities. This has been
done particularly through the release by
the Secretary of Defense of an annual
“posture” statement, a practice that, it
is hoped, will be continued by the U.S.
and will be emulated someday by the
U.S.S.R. This would be in the interest
of both countries. Because there has
been no corresponding effort by the Rus-
sians the U.S. probably overreacts to
Russian decisions more than the U.S.S.R.
does to American decisions. (At least it
is easier to trace a causal relationship
between Russian decisions and U.S. re-



actions than it is between U.S. decisions
and Russian reactions.)

Second, negotiations to curtail the
arms race (even if abortive) or any other
dialogue may be very useful if such ef-
forts result in a reduction of uncertainty
about the policies, capabilities or inten-
tions of the parties.

Third, some weapons systems may be
less productive of uncertainty than oth-
ers that might be chosen instead. For
example, it is likely to be less difficult to
measure the size of a force of submarine-
launched or fixed missiles than it is to
measure the size of a mobile land force.
Similarly, it would be easier to persuade
an adversary that a small missile carried
only a single warhead than would be
the case with a large vehicle. Such con-
siderations must be borne in mind in
evaluating alternative weapons systems.

In short, although uncertainty about
adversary capabilities and intentions
may not always be bad (in some in-
stances the existence of uncertainty has
contributed to deterrence), the U.S. and
the U.S.S.R. would seem well advised
to make great efforts to avoid giving each
other cause for overreacting to decisions
because of inadequate understanding of
their meaning.

The importance of somehow breaking
the action-reaction chains that seem to
drive the arms race is obvious when one
considers the enormous resources in-
volved that could otherwise be used to
meet pressing social needs. In addition,
there is particular importance in doing
so at present because the concurrent
deployment of MIRV’s and ABM sys-
tems is likely to have drastic destabiliz-
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U.S. OFFENSIVE MISSILES currently deployed or under develop-
ment are drawn here to scale. The sea-based Polaris and Poseidon
and the land-based Minutemen are capable of carrying warheads
with a total explosive yield of about one megaton each. The land-

ing consequences. It is conceivable that
one of the superpowers with an ABM
system might develop MIRV’s to the
point where it could use them to destroy
the bulk of its adversary’s ICBM force
in a preemptive attack. Its air and ABM
defenses would then have to deal with
a much degraded retaliatory blow, con-
sisting of the sea-launched forces and
any ICBM’s and aircraft that might have
survived the preemptive attack. The
problems of defense in such a contin-
gency would remain formidable. They
would be significantly less difficult, how-
ever, than if the adversary’s ICBM force
had not been seriously depleted. In fact,
the defense problem would be relatively
simple if a large fraction of the adver-
sary’s retaliatory capability were, as is
true for the U.S. and to a far greater de-
gree for the U.S.S.R., in its land-based
ICBM’s, most of which would presum-
ably have been destroyed.

It may seem unlikely that either su-
perpower would initiate such a preemp-
tive attack, in view of the great un-
certainties in effectiveness (particularly
with respect to defenses) and the disas-
trous consequences if even a compara-
tively small fraction of the adversary’s
retaliatory force should get through.
With both MIRV’s and an ABM sys-
tem, however, such a preemptive attack
would not seem as unlikely as it does
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now. It might not appear irrational to
some, for example, if an uncontrollable
nuclear exchange seemed almost cer-
tain, and if by striking first one could
limit damage to a significantly lower
level than if the adversary were to strike
the first blow. In short, if one or both of
the two superpowers had such capabili-
ties, the world would be a much more
unstable place than it is now.

Obviously neither superpower would
permit its adversary to develop such ca-
pabilities without responding, if it could,
by strengthening its retaliatory forces.
The response problem becomes more
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based Titan II can carry a warhead of more than five megatons.
Poseidon and Minuteman 1II, which are under development, are de-
signed to carry MIRV warheads. The total number of missiles sched-
uled for deployment in each category is indicated at the bottom.
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difficult, however, if the adversary de-
velops both MIRV’s and an ABM sys-
tem than if only one is developed.

Against a MIRV threat alone there
are such obvious responses as defense of
ICBM sites or greater reliance on sea-
launched or other mobile systems. Such
responses are likely to be acceptable
because, whereas the costs of highly in-
vulnerable systems are large (perhaps
several times larger than the costs of
simple undefended ICBM’s), only rela-
tively small numbers of such secure re-
taliatory weapons would be required to
provide an adequate “assured destruc-
tion” capability. Indeed, a force the size
of the present Polaris submarine fleet
would seem to be more than adequate.
The response to an ABM system alone
might also be kept within acceptable
limits because the expenditures required
to offset the effects of defense are likely
to be small compared with the costs of
the defense.

If it is necessary to acquire retaliatory
capabilities that are comparatively in-
vulnerable to MIRV attack in numbers
sufficient to saturate or exhaust ABM
defenses, however, the total cost could
be very great. In fact, if one continued to
rely heavily on exhaustion of defenses as
the preferred technique for penetration,
the offense might no longer have a
significant cost-effectiveness advantage
over the defense. Thus the concurrent
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U.S. DEFENSIVE MISSILES currently be-
ing deployed as part of the modified Senti-
nel system are drawn here to scale. The Spar-
tan and Sprint carry warheads in the mega-
ton range and kiloton range respectively.
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development of MIRV’s and ABM sys-
tems raises the specter of a more pre-
carious balance of terror a few years
hence, a rapidly escalating arms race in
the attempt to prevent the instabilities
from getting out of hand, or quite pos-
sibly both.

\Vith this background about the roles

of uncertainty and the action-reac-
tion phenomenon in stimulating the
arms race, one can draw some general
conclusions about the functions and
qualities of future strategic forces. We
must first recognize that two kinds of in-
stability must be considered: crisis insta-
bility (the possibility that when war
seems imminent, one side or the other
will be motivated to attack preemptively
in the hope of limiting damage to itself)
and arms-race instability (the possibility
that the development or deployment de-
cisions of one country, or even the possi-
bility of such decisions, may trigger new
development or deployment decisions
by another country).

The first kind of instability is illustrat-
ed in the chart on the opposite page,
which is based on former Secretary Mc-
Namara’s posture statement for fiscal
1967. This shows that—assuming two
possible expanded Russian threats, vari-
ous damage-limiting efforts by the U.S.
and failure of the U.S.S.R. to react to ex-
tensive U.S. damage-limiting efforts by
improving its retaliatory capability—
American fatalities in 1975 would be
only about a third as great in the event
of a US. first strike as they would be
in the case of a Russian first strike. (In
the present situation the advantage of
the attacker is negligible.) Obviously if
war seemed imminent, with the strategic
balances assumed in this example, there
would be tremendous pressure on the
U.S. to strike first. There would be cor-
responding pressure on the U.S.S.R. to
do likewise if a Russian first strike could
result not only in a much higher level
of damage to the U.S. but also in a dim-
inution in damage to the U.S.S.R. The
incentives would be mutually reinforc-
ing.

To minimize the chance of a failure of
deterrence in a time of crisis, it seems
important for both the U.S. and the
US.S.R. to develop strategic postures
such that preemptive attack would have
as small an effect as possible on the an-
ticipated outcome of a thermonuclear
exchange. Actually, of course, it is ex-
tremely unlikely that the Russians would
passively watch the U.S. develop the
extensive damage-limiting postures as-
sumed in the foregoing example. Instead

they would probably react by modify-
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ing their posture so that the advantage
to the U.S. of attacking preemptively
would be less than is indicated in the
chart. Thus the example can also be
used to illustrate the second kind of in-
stability.

To the extent that one accepts the
action-reaction view of the arms race,
one is forced to conclude that virtually
anything we might attempt in order to
reduce damage to ourselves in the event
of war is likely to provoke an escalation
in the race. Moreover, many of the
choices we might make with damage-
limitation in mind are likely to make pre-
emptive attack more attractive and war
therefore more probable. The concur-
rent development of MIRV’s and ABM
systems is a particularly good example
of this.

One is struck by the fact that there is
an inherent inconsonance in the ob-
jectives spelled out in our basic military
policy, namely “to deter aggression at
any level and, should deterrence fail, to
terminate hostilities in concert with our
allies under conditions of relative ad-
vantage while limiting damage to the
U.S. and allied interests.” Hard choices
must be made between attempting to
minimize the chance of war’s occurring
in a time of crisis and attempting to min-
imize the consequences if it does occur.

The decisions made by U.S. planners
in recent years with respect to new
weapons development and deployment
reflect a somewhat inconsistent philoso-
phy on this point. The U.S. has generally
avoided actions whose primary rationale
was to limit damage that the U.S.S.R.
might inflict on it, actions to which the
Russians would probably respond. Ac-
cordingly the U.S. has not deployed an
anti-Russian ABM system and has given
air defense a low priority.

On the other hand, where there were
reasons other than a desire to improve
American damage-limiting capability
with respect to the U.S.SR., the U.S.
has proceeded with programs in spite of
their probably escalating effect on the
arms race or their effect on first-strike
incentives. This was true in the case of
the MIRV’s and Sentinel.

The U.S. will face more such deci-
sions. For examp]e, it may appear neces-
sary to change the U.S. strategic offen-
sive posture in order to make American
forces less vulnerable to possible Rus-
sian MIRV attack. The nature of these
decisions will depend on the importance
attached to the action-reaction phenom-
enon and to the eftect of improved coun-
terforce capabilities on the probability
of war. Emphasis on these two factors
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tures A and B, are tailored against U.S.S.R. force I; the other two,
postures C and D, are tailored against U.S.S.R. force I1. The chart
illustrates the basic incompatibility between a policy of attempting
to minimize the consequences of nuclear war and a policy of at-
tempting to minimize the probability of nuclear war. If war seemed
imminent, with the strategic balances as hypothesized in this chart,
there would be tremendous pressure on both sides to strike first,
and as a result of this added incentive the chances of escalation
would be enhanced. The chart is based on information contained
in former Secretary McNamara’s posture statement for fiscal 1967.

implies discounting options that would
increase U.S. counterforce capability
against Russian strategic forces, which
in turn might provoke an expansion of
Russian offensive forces. Options re-
quiring long lead times would also be
discounted, since decisions regarding
them might have to be made while there
was still uncertainty about whether the
U.S.S.R. was developing MIRV’s.

Should more weight be given in the
future to developing damage-limiting
capabilities? Or should more weight be
given to minimizing the probability of
a thermonuclear exchange and curtail-
ing the strategic arms race? It is hard to
see how one can have it both ways.

In spite of some changes in technol-
ogy, there is little to indicate that the
U.S. could get very far with damage-
limiting efforts, considering the deter-
mination of the Russians and the options
available to them for denying the at-
tainment of such U.S. capabilities. The
emergence of new nuclear powers, the
rapid pace of technological advance and
the other important demands on Ameri-
can resources suggest that a clear first

priority should be assigned to moderat-
ing the action-reaction cycle. Moving
toward greater emphasis on damage-
limitation would seem justified only if
the U.S. can persuade itself that the
Russians will not react to American
moves as the U.S. would to theirs, and if
means can be chosen that will not in-
crease the probability of war.

N() treatment of the dynamics of the

strategic arms race would be com-
plete without some discussion of the pos-
sibility of ending it, or at least curtailing
it, through negotiations. Both the ur-
gency and the opportunity are great, but
the latter may be waning. This opportu-
nity is in part a consequence of the pres-
ent military balance, as well as of some-
what changed views in both the U.S. and
the U.S.S.R. about strategic capabilities
and objectives.

With the rapid growth in its strategic
offensive forces during the past few
years, the U.S.S.R. can at long last enter
negotiations without conceding inferi-
ority or (which is worse from the Russian
point of view) exposing itself to the pos-
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sibility of being frozen in such a posi-
tion. Moreover, the U.S.S.R. may at long
last be prepared to accept the prevailing
American view about the action-reaction
phenomenon, and about the intrinsic ad-
vantage of the offense and the futility
of defense. The apparent decision of the
Russians not to proceed with a nation-
wide ABM system at present, and their
professed willingness to enter into ne-
gotiations to control both offensive and
defensive systems, may be evidence of
this convergence of viewpoints.

On the American side there is at long
last a quite general, if not yet universal,
acceptance of the concept of nuclear
“sufficiency”: the idea that beyond a cer-
tain point increased nuclear force can-
not be translated into useful political
power. Acceptance of this concept is an
almost necessary condition to termina-
tion of the arms race.

In considering negotiations with the
U.S.S.R. on the strategic arms problem,
the first factor to be kept in mind is the
objectives to be sought. It would be a
mistake to expect too much or to aspire
to too little. One obvious aim is to re-
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duce strategic armaments in order to
lessen significantly the damage that
would be sustained by the U.S. (and the
U.S.S.R.) in the event of a nuclear ex-
change. Regrettably this goal is not like-
ly to be realized in the near future. In
the first place, any initial understand-
ings will probably not involve reductions
in strategic forces. Even if they did, the
reductions would be limited. One can-
not expect potential damage levels to be
lowered by more than a few percent,
even with fairly substantial cuts in stra-
tegic forces, because the capabilities of
the superpowers are already so great.

Other objectives have been consid-
ered: reducing the incentives to strike
preemptively in time of crisis, reducing
the probability of accident or miscalcu-
lation, and increasing the time available
for decision-making in the hope that the
increased opportunity for communica-
tion might prevent a nuclear exchange
from running its full course. Last but
not least, one might also hope to change
the international political climate so as
to lessen tension, to reduce the incentive
for powers that currently do not have
nuclear weapons to acquire them and
to increase the possibility for agreement
by the superpowers on other meaningful
arms-control measures.

It is reasonable to expect that success-
ful negotiations might to some degree
achieve all these objectives except the
first: the reduction of potential damage.
To focus on any one objective, or com-
bination of objectives, however, is to ob-
scure the immediate problem. In spite
of the restraint of the U.S. in its choices
regarding strategic weapons develop-
ment and deployment during the first
two-thirds of this decade, it now appears
that in the absence of some understand-
ing between the U.S. and the U.S.S.R.
the action-reaction sequence that im-
pels the arms race will not be broken.
Therefore the immediate objective of
any negotiations must be simply to bring
that sequence to a halt, or to moderate
its pace so that there will be a better
chance of ending the arms race than is
offered by continuing the policies of the
past two decades.

In retrospect, controlling or reversing

the growth of strategic capabilities
could have been accomplished more eas-
ily a few years ago, when the possibility
of ABM-system deployment seemed to
be the main factor that would trigger
another round in the arms race. Now the
prospect of ABM systems is more trou-
blesome because of technological ad-
vances. In addition, there are the two
other stimuli already discussed: the pos-

sibility of effective counterforce capabil-
ities as a result of the development of
MIRV’s, and the possibility that the Chi-
nese nuclear capability may serve as a
catalyst to the Russian-American action-
reaction phenomenon.

Obviously, short of destroying China
by nuclear attack, there is little the U.S.
can do about Chinese capabilities except
to make sure that it does not give them
more weight in its thinking than they de-
serve. This leaves the option of trying
to break the ABM-MIRV chain by focus-
ing on the control of MIRV’s or ABM
defenses.

Whereas one might hope to limit both,
if a choice must be made the focus
should clearly be on the control of ABM
defenses. Verification of compliance
would be relatively simple and could
probably be accomplished without in-
trusive inspection. In addition, the in-
centive to acquire MIRV’s for penetrat-
ing defenses would be eliminated, al-
though the incentive to acquire them
for counterforce purposes would remain.

The problems of verifying compliance
with an agreement to control MIRV’s
would be much more difficult. More-
over, if an ABM system were deployed,
there would be great pressure to abro-
gate or violate any agreement prohibit-
ing MIRV deployment because MIRV’s
offer high assurance for penetrating de-
fenses. Although reversing the MIRV
decision would be difficult, reversing the
Sentinel one would present less of a
problem.

To be attractive to the U.S.S.R. any
proposal to limit defenses would almost
certainly have to be coupled with an
agreement to limit, if not reduce, inven-
tories of deployed strategic offensive
forces. In principle this should not be
difficult, since it need not involve seri-
ous verification problems.

Complicating any attempt to reach an
understanding with the U.S.S.R. on the
strategic balance, however, is the fact
that the American and Russian positions
are not symmetrical. The U.S. has allies
and bases around the periphery of the
U.S.S.R., whereas the latter has neither
near the U.S., unless one counts Cuba.
It is clear that a Pandora’s box of com-
plications could be opened by any at-
tempt in the context of negotiations on
the strategic balance to deal with the
threat to America’s allies posed by short-
range Russian delivery systems, and
with the potential threat to the U.S.S.R.
of systems in Europe that could reach
the U.S.S.R. even though they are pri-
marily tactical in nature. One may hope
that initial understandings will not have
to include specific agreements on such
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thorny issues as foreign bases and dual-
purpose systems.

Virtually all the above is based on
the premise that for the foreseeable fu-
ture each side will probably insist on
maintaining substantial deterrent capa-
bilities. For some time to come there
will unfortunately be little basis for ex-
pecting negotiations with the U.S.S.R.
to result in a strategic balance with each
side relying on a few dozen weapons as
a deterrent. The difficulties and impor-
tance of verification of compliance at
such low levels, the problem of China,
the existence of large numbers of tacti-
cal nuclear weapons on both sides and
the general political climate all militate
against this. At the other extreme, ne-
gotiations would almost necessarily fail
if either party based its negotiating posi-
tion on the expectation that it might
achieve a significant damage-limiting ca-
pability with respect to the other.

Thus the range of possible agreement
is quite narrow. There is a basis for
hope, if both sides can accept the fact
that for some time the most they can ex-
pect to achieve is a strategic balance at
quite high, but less rapidly escalating,
force levels, and if both recognize that
breaking the action-reaction cycle should
be given first priority in any negotia-
tions, and also in unilateral decisions.

There will be risks in negotiating arms
limitation. These must be weighed not
against the risks that might characterize
the peaceful world in which everyone
would like to live, or even against the
risks of the present. Rather, the risks im-
plicit in any agreement must be weighed
against the risks and costs that in the ab-
sence of agreement one will probably
have to confrontin the 1970’s.

Whether the superpowers strive to
curtail the strategic arms race through
mutual agreement or through a combi-
nation of unilateral restraint and im-
proved dialogue, they should not do so
in the mistaken belief that the bases for
the Russian-American confrontation of
the past two decades will soon be elimi-
nated. Many of the sources of tension
have their origins deep in the social
structures and political institutions of
the two countries. Resolution of these
differences will not be accomplished
overnight. Restraining the arms race,
however, may shorten the time required
for resolution of the more basic conflicts
between the two superpowers, it may
increase the chances of survival during
that period, and it may enable the
U.S.S.R. and the U.S. to work more
effectively on the other large problems
that confront the two societies.
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Hybrid Somatic Cells

Body cells of different species can now be crossed to form somatic

hybrids. This alternative to sexual breeding should facilitate the

study of human genetics and provide insights into differentiation

ne of the most powerful tools
O available to the biologist is genet-

ic analysis, through which the
structure of the hereditary material and
its relation to the functions of cells and
organisms are revealed in great detail
and with high resolution by the manner
in  which various characteristics are
passed from one generation to the next.
At first this analysis was made through
sexual breeding, which is easily accom-
plished in such organisms as the fruit
fly Drosophila or the mold Neurospora.
Much of modern genetics, however,
rests on information gained by taking
advantage of processes that represent al-
ternatives to sexual breeding. These al-
ternatives were first exploited for the ge-
netic analysis of bacteria and viruses.
Now such an alternative to sexual breed-
ing has been developed for the genetic
analysis of higher animals, including
man. The new procedure stems from the
discovery that somatic cells (body cells,
as opposed to eggs and sperm) can be
crossed to form hybrid cells that live and
multiply.

The technique was discovered in 1960
by George Barski, Serge Sorieul and
Francine Cornefert of the Institut Gus-
tave Roussy in Paris. They had mixed
together cultures of two different mouse-
cancer cells that could be distinguished
by differences in cell morphology and
in the shapes of some of their chromo-
somes, the threadlike structures in which
the genes are arranged. After a few
months they saw that a few cells of a
new type had appeared, containing in a
single nucleus the chromosomes of both
parents. They were hybrid cells; they
had arisen by the fusion of pairs of cells
of the two different types. Barski and his
colleagues went on to produce pure cul-
tures of these hybrid cells and grow
them successfully. Soon other somatic
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hybrids were produced by crossing vari-
ous pairs of cell lines.

It became clear that the hybrids were
not mere curiosities. They have two
properties that make them suitable for
genetic analysis. First, both sets of chro-
mosomes are functional, and the hybrids
therefore exhibit the hereditary charac-
teristics of both parents. Second, as the
hybrids multiply they lose some of their
chromosomes, and this process produces
cells with many different constellations
of “parental” genes.

rFhe genetic analysis of hybrid cells
* has been brought to bear on a num-
ber of biological problems. One problem
is the formal genetics of higher animals,
including man: the location of genes on
specific chromosomes. Breeding analysis,
which is effective for this purpose in
lower animals and plants, is too slow in
mammals (even in mice the generation
time is about three months), and it is im-
possible in man. The analysis of somatic
cells, on the other hand, proceeds with-
out any breeding of individuals, and the
generation time for somatic cells (from
one cell division to another) is generally
between 12 and 24 hours. Another prob-
lem under study is that of cellular differ-
entiation, the process whereby cells that
presumably have the same genetic
equipment become differently special-
ized in form and function. To investigate
the mechanisms that bring this about
one must work with cells that have un-
dergone differentiation; somatic hybridi-
zation makes it possible for the first time
to apply genetic analysis to differentiat-
ed cells. We shall give an account of the
first results in both areas of investigation
after describing the methods of somatic
hybridization and the relevant proper-
ties of hybrid cells.
The basic techniques of cell hybridi-
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zation are those of standard cell culture,
in which cells taken from a bit of tissue
are allowed to settle out of a suspension
and proliferate to form a layer on the
bottom of a laboratory dish [see illus-
tration on page 28]. To give the cells
room to grow the layer is periodically
broken up, and a few of the cells are
transferred to a new dish; these “serial
passages” can be repeated many times,
and some cells go on multiplying indefi-
nitely. Such a culture is heterogeneous,
having been derived from a fragment
containing several cell types. In order
to obtain uniform populations of cells
one must inoculate a culture dish with
a very small number of highly dispersed
cells, so that each produces a discrete
“clone,” or a colony that represents the
progeny of a single cell.

Experiments in hybridization begin
with a mixed culture of two parent cell
lines, each characterized by the presence
of marker chromosomes not found in the
other. After a few days or weeks of
growth one can identify hybrid cells by
examining chromosome preparations.
The drug colchicine is added to the me-
dium to arrest cell division in metaphase,
a stage that is favorable for observation
of the chromosomes. The cells are fixed,
pipetted onto a slide and stained. Under
the microscope such preparations show
many normal metaphase chromosome
sets of both parental types, each recog-
nizable by the number and shape of the
chromosomes. If any hybrid cells have
been formed, there will also be hybrid
metaphases, recognizable by the large
number of chromosomes and by the pres-
ence of marker chromosomes from both
parents [see illustration on page 29].

In Barski’s first hybridization experi-
ment, performed in this manner, the hy-
brids turned out to have a selective ad-
vantage over the parental cells and grew



HYBRID CELLS and their parent cells are seen in a set of phase-
contrast photomicrographs made by the authors. Rat cells (top)
and mouse cells (middle) are grown together in a cell culture.
Some of them fuse and form hybrids, which are isolated and grown
in a pure culture (bottom). The rat cells tend to flatten out on

the surface of the glass culture dish and so they appear thin. The
mouse cells attach more loosely to the glass and therefore appear
more refractile. The hybrid cells combine the morphological char-
acteristics of both parent lines: they are more refractile than
the mouse cells but they attach more completely than the rat cells.
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more rapidly, and so they soon consti-
tuted a large enough fraction of the total
cell population to be isolated by clon-
ing. One of us (Ephrussi), together with
co-workers first at the Laboratoire de
Génétique  Physiologique at Gif in
France and then at Western Reserve
University, isolated a number of other
somatic hybrids. In each case success
depended on the hybrid’s having a selec-
tive advantage in the mixed culture.
Since hybrids were rare and it took a
long time for enough of them to accumu-
late so that they could be isolated, and
since some crosses were almost surely
failing only because the hybrids had no
selective advantage, it was clear that a
method conferring a decisive selective
advantage on hybrid cells would be ex-
tremely valuable.
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CELL CULTURE begins with minced pieces of tissue from an
adult animal or embryo. Incubating the pieces in a digestive en-
zyme such as trypsin breaks them up into a suspension of single
cells. Inoculated into a liquid nutrient medium and incubated, the
cells attach to the bottom of the culture dish and divide, produc-
ing a continuous sheet. The sheet is again digested with trypsin.
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In 1964 John W. Littlefield of the
Harvard Medical School devised a sys-
tem for the selective isolation of hybrid
cells [see illustrations on page 30 and at
top of page 31]. He cultured, in a me-
dium containing the drug aminopterin,
two kinds of mutant cells, each of which
lacked a different enzyme necessary for
growth in the presence of aminopterin.
When hybrid cells were formed, they
were able to grow in the aminopterin
medium by virtue of mutual comple-
mentation: each parent supplied the
gene for the enzyme the other parent
lacked. Littlefield’s selective medium
therefore kills cells of both parent lines
but allows the survival and unhampered
growth of hybrid cells. In the course of
his experiments Littlefield established
that one hybrid cell was produced per

-Q‘}-—HQ\ PSIN

200,000 parental cells (half of each
kind).

With Richard L. Davidson, one of us
(Ephrussi) then modified Littlefield’s
method to devise a “half-selective” sys-
tem that is more generally applicable, in
which only one parent cell line lacks one
of the enzymes necessary for growth in
Littlefield’s medium. The other parent
can be a normal line, carrying no selec-
tive marker, provided that it grows slow-
ly or is inoculated in small numbers.
Assume, for example, that a dish is in-
oculated with a million enzyme-deficient
cells and only 100 normal cells. In the
selective medium the majority parent
degenerates, leaving discrete colonies of
the minority parent and of hybrid cells.
The hybrids can usually be recognized
by their shape, and their hybrid nature

SERIAL
PASSAGE

CELL
SUSPENSION

REPEATED
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If a large fraction of the cells are thereupon inoculated in new
medium, the process is repeated. Such serial passages yield hetero-
geneous cultures because the tissue pieces contained several kinds
of cells. If instead a few dispersed cells are inoculated (right), they
divide to form discrete “clones,” or colonies of the progeny of one
cell. One clone is then selected with which to start a pure culture.



is confirmed by examination of the chro-
mosomes.

M hese selective systems were first ap-

- plied to intraspecific crosses (be-
tween different cell lines of the same
species, usually the mouse). Then we
managed to cross cells of different spe-
cies. The first of these interspecific
crosses involved rat and mouse cells;
later hamster-mouse hybrids and finally
mouse-human hybrids were obtained.
Most of the current experimentation is
being done with interspecific hybrid
cells. The reason is that they fulfill the
two requirements for genetic analysis
much better than the intraspecific hy-
brids do.

Since a gene can be recognized only
when it mutates to an alternative form
that is recognizable in the progeny,
the existence of distinguishing genetic
markers in the two parents that can be
traced in the progeny is a sine qua non
of genetic analysis. In microbial genetics
the most valuable markers have been en-
zymes that exist in a normal form and
also in a form altered by mutation. Such
enzyme markers could serve in mam-
malian-cell studies too, but the trouble is
that the necessary mutations are rare
and are more difficult to induce in mam-
malian cultured cells than they are, for
example, in bacteria. This paucity of
markers led us in 1965 to undertake
crosses between different species. We
knew that as a consequence of evolution
many animal species have come to pos-
sess variants of the same enzyme that
differ in their structure. These differ-
ences affect the physical properties of
the enzymes, so that the two variants can
be distinguished by such methods as
electrophoresis and chromatography.
We could expect, therefore, that cross-
ing cells of different species would yield
hybrid cells endowed with many built-in
enzyme markers.

The only question remaining was
whether or not the genes of both par-
ents would in such cases be functional
in the hybrids. Fortunately that proved
to be the case. Forexample, in rat-mouse
hybrid cells both of the parental forms
of the enzyme lactate dehydrogenase
(LDH) are synthesized [see bottom il-
lustration on page 31]. Malate dehydro-
genase and beta-glucuronidase are two
other enzymes that have been found in
both parental forms in interspecific hy-
brid cells.

The wealth of genetic markers in in-
terspecific hybrids fulfilled the first pre-
requisite for genetic analysis. We soon
found that the second requirement was
fulfilled too: successive generations of

METAPHASE chromosome preparations of the two mouse tumor cells first used in somatic
hybridization are shown (top and middle) along with a metaphase of the hybrid cell (bot-
tom). The chromosomal DNA has been replicated and the two copies of each chromosome
are joined to form Vshaped or X-shaped double chromosomes. The cells of one line (top)
have two extra-long V.shaped chromosomes, one of which is seen in this metaphase (heavy
arrow). The other line has many X-shaped chromosomes (middle), two of which are distine-
tive (thin arrows). The hybrid cell (bottom) contains the chromosomes of both parent lines.
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the interspecific hybrid cells contain de-
creasing numbers of chromosomes as a
result of the loss of chromosomes during
cell division. The rate and the extent of
the loss vary in different hybrids, but
they are generally greater than they are
in the intraspecific hybrids.

As an example of an intraspecific
cross, consider the hybrids derived from
two lines of mouse cells. Detailed analy-
sis of the chromosomal changes is not
possible because all normal mouse chro-
mosomes are about the same shape and
most cultured mouse cells contain only
a few marker chromosomes. In general
the karyotype, or chromosomal constitu-
tion, of hybrid mouse cells is rather
stable. There is some loss—as one might
expect, since the hybrids contain an ex-
cess of most genes and can therefore
survive the loss of some chromosomes.
The loss usually does not exceed 10 to
20 percent of the number of chromo-
somes in the original fused nucleus, how-
ever, so that even after hundreds of gen-
erations the hybrid cells retain most of
the chromosomes of both parents.

In contrast to the intraspecific hy-
brids, those produced by the fusion of
cells of different species have a great
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many marker chromosomes, since there
are large differences in the shapes and
sizes of the two species’ chromosomes
[see illustration on page 32]. Analysis of
the numbers and kinds of chromosomes
in successive generations of rat-mouse
hybrids showed that although the de-
crease in the total number of chromo-
somes is not much greater than it is in
mouse-mouse hybrids, the loss is slightly
preferential: significantly more of the
rat chromosomes than of the mouse
chromosomes disappear. In hamster-
mouse hybrids there is greater loss of the
mouse chromosomes than of the hamster
chromosomes.

In 1967 one of us (Weiss) and Howard
Green, working at the New York Uni-
versity School of Medicine, succeeded
in crossing mouse cells with human cells
and found that the hybrids presented an
extreme case of preferential chromo-
some loss. The mouse-human hybrid
cells appeared from the beginning to be
different from other interspecific hy-
brids. Instead of having some of the
characteristics of each parent, they
looked much more like the mouse cells
than the human cells [see illustration on
page 34]. The reason became clear when

a
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DNA SYNTHESIS from sugars and amino acids is blocked by aminopterin (top). An al-
ternative pathway depends on preformed nucleosides (DNA precursors) and the enzymes
thymidine kinase (TK) and hypoxanthine guanine phosphoribosyl transferase (HGPRT).
Cells with these enzymes can grow in a medium containing aminopterin and nucleosides.

MUTANT LACKING
IN ENZYME TK

MUTANT LACKING
IN ENZYME HGPRT

HYBRID CELL

MUTATIONS produce some cells that lack TK but produce HGPRT (black dots) and some
that lack HGPRT but produce TK (colored dots). If such cells are crossed, the hybrid cells
contain the genes from both parent lines and therefore produce both parental enzymes.
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their karyotype was examined: the cells
contained all the expected mouse chro-
mosomes but only from two to 15 of the
46 human chromosomes. Apparently
these hybrids had lost most of their hu-
man chromosomes soon after being
formed. They continued to lose them as
they were cultivated. After 100 genera-
tions some of the clones had lost all their
human chromosomes; the others re-
tained no more than 10 of them. Be-
cause it is possible to obtain cells that
contain all the mouse chromosomes and
either no human ones or very few, the
mouse-human hybrids lend themselves,
as we shall see, to studies of human
genetics.

ne would like to be able to cross any

two cell types at will. Although Lit-
tlefield’s system and the half-selective
system are in principle applicable to a
large number of crosses, they depend on
the introduction of specific mutations
into the cells to be crossed. In mamma-
lian cells this is a difficult and time-con-
suming process, and for some kinds of
cells it may be impossible. During the
time it takes to select cells with the muta-
tion resulting in the required enzyme
deficiency, for example, other changes
may occur that alter other cell properties
one would like to retain. There are two
ways in which one might bypass this
difficulty: either by devising a selective
system based on naturally occurring
markers or by somehow increasing the
frequency of cell fusion to such an extent
that the hybrids no longer need to be
selected. The second of these approaches
has proved to be rewarding.

Some years ago Y. Okada of Osaka
University reported that the Sendai
strain of parainfluenza virus causes ani-
mal cells in suspension to clump togeth-
er and that many of the clumped cells
undergo multiple fusions. With this ob-
servation in mind Henry Harris and
J. F. Watkins of the University of Ox-
ford were able in 1965 to bring about
the fusion of different types of cells with
Sendai virus that had been rendered
noninfectious by ultraviolet irradiation.
The virus treatment induced the forma-
tion of giant cells with from two to 10
or more nuclei—in some cases hetero-
karyons, or cells with nuclei from differ-
ent parents. Some of these nuclei fused,
yielding hybrid karyotypes, but Harris
and Watkins saw no hybrids capable of
more than a few divisions. Yet the oc-
currence of nuclear fusion, hybridization
and some cell division, and the absence
of viral infection (since the virus was
inactivated), implied that the method



MUTANT MUTANT

LACKING LACKING

IN ENZYME IN ENZYME
K HGPRT

T
" NUTRIENT MEDIUM
WITH AMINOPTERIN
i/ AND NUCLEOSIDES

HYBRID

SELECTIVE SYSTEMS are required in order to isolate the rare
hybrid cells from the proliferating parent lines. One selective sys-
tem (a) depends on the enzyme activity outlined in the illustration
on the opposite page. Cells lacking either enzyme are killed; hy-
brids, which have both enzymes, live and form colonies (color).
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ENZYME MARKERS are available in somatic cells because differ-
ent species contain slightly different forms of the same enzyme.
These forms can be separated on the basis of their mobility in an
electric field. Electrophoresis of the LDH found in mouse and rat
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In the half-selective system (b) only one parent cell lacks an en-
zyme, but since only a few of the other (normal) cells are inocu-
lated, the rare but discrete hybrid colonies can be isolated. In virus-
induced hybridization (c) any two cells can be crossed. The vi-
rus causes them to clump and fuse, promoting hybrid formation.

RAT
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diaphragm yields five different LDH bands in each (left and right).
The two No. 5 bands are present in the parental cells used in
hybridization. The hybrid has both parental bands and also has
three intermediate bands representing hybrid molecules (center).
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CHROMOSOMES of the rat, mouse and rat-mouse hybrid cells il- arrows) and small X-shaped ones. The mouse parental cell (mid-

lustrated on page 27 are displayed here in two forms: metaphase dle) has an abnormal number of chromosomes, 54 instead of the
figures (left) and karyograms (right), in which the chromosomes usual 40, and a distinctive X-shaped one (heavy arrow) as well as
are arranged in groups on the basis of shape and size. The 42 rat the usual V:shaped ones. The hybrid from which this preparation
chromosomes (top) include large ones like unbalanced X’s (thin was made (bottom) has 89 chromosomes, of both parental types.
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could be developed to provide large
numbers of hybrids capable of pro-
longed multiplication.

This was achieved by George Yer-
ganian and M. B. Nell of the Children’s
Cancer Research Foundation in Boston
and then by Hayden Coon and one of
us (Weiss) at the Department of Embry-
ology of the Carnegie Institution of
Washington. In the latter case the cell
lines involved were such that the fre-
quency of virus-induced hybrids could
be compared with that of spontaneous
hybrids isolated by the selective tech-
niques, and so it was possible to deter-
mine the effectiveness of the virus in
promoting hybridization. Viable hybrids
appeared from 100 to 1,000 times more
frequently in cultures treated with inac-
tivated virus than they did in cultures
left to spontaneous hybridization. The
virus-induced hybrids proved to have
the same properties as the spontaneous
ones and can therefore be used for the
same kinds of experiments. It is now pos-
sible to make crosses between cells to
which no selective system is applicable,
and this should mean that almost any
two cells can be crossed and the result-
ing hybrid can be isolated.

() ne of the most interesting findings of
somatic-hybridization studies is the
very fact that somatic cells of different
origins are compatible. The incompati-
bility between the sperm of one species
and the egg of another is well estab-
lished; in extreme cases an egg fertilized
by a sperm of another species immedi-
ately expels the nucleus of the sperm. It
is therefore surprising to see that the
nuclei of cells of two different species
fuse and in most cases at once begin to
function harmoniously. This implies that
the intracellular signals that dictate the
sequence of biochemical events in one
parent’s division cycle must be “under-
stood” by the components of the other
cell—in spite of the millions of years dur-
ing which mammalian species have di-
verged from their common ancestors by
accumulating gene mutations.

A related finding is that the hybrid
cells synthesize hybrid enzymes that
function satisfactorily. As we mentioned
before, rat-mouse hybrids synthesize
both parental forms of the enzyme LDH.
We have found, moreover, that in the
hybrids some of the active enzyme mole-
cules, which are composed of four sub-
units, are themselves hybrid in nature,
formed by the random association of rat
subunits and mouse subunits. Several
other examples of hybrid enzyme mole-
cules have been reported in interspecific

hybrids; since many enzymes are com-
posed of subunits, molecules of this kind
are probably common in hybrid cells.
The existence of functional hybrid en-
zymes was not in itself a surprise. Clem-
ent L. Markert of Johns Hopkins Univer-
sity had earlier produced such LDH
molecules by chemical methods. What is
surprising is to find that homologous
genes that have diverged as widely as is
suggested by the different structures of
the enzymes they specify can still pro-
duce proteins similar enough to associ-
ate into molecules whose enzyme activ-
ity can fully satisfy the requirements of
a living cell.

The two examples we shall give of

© current experiments utilizing somatic
hybridization have to do with the for-
mal genetics of man and with the study
of gene expression and its control in cel-
lular differentiation.

Study of the formal genetics of any
organism begins with the determination
of linkage groups and the assignment
of genes to specific chromosomes. Then
genes are localized in specific segments
of the chromosomes, establishing genetic
maps for the species. The required data
are ordinarily obtained by sexual breed-
ing over many generations, each involv-
ing segregation and recombination: the
processes, which occur during formation
of the germ cells, by which the various
parental genes are distributed in differ-
ent assortments to different daughter
cells, resulting in progeny with a range
of different characteristics. In effect, the
loss of chromosomes by successive gen-
erations of somatic hybrid cells takes the
place of the segregation and recombina-
tion that occur in germ cells, making it
possible to begin to determine human
linkage groups.

Mouse-human hybrids eventually lose
all their human chromosomes. By study-
ing them at a stage when they contain
only a few, one can correlate the loss of
a specific human gene product with the
loss of a specific chromosome. So far this
has been done for one enzyme. The
mouse cells Weiss and Green used were
deficient in thymidine kinase, one of the
enzymes required for growth in Little-
field’s medium. The survival and growth
of hybrid cells maintained in the selec-
tive medium therefore depend on the
presence of the human gene for thymi-
dine kinase. In several clones of hybrid
cells only from one to three human chro-
mosomes remained after 100 to 150 gen-
erations [see illustration on page 35]. In
each of them one specific human chro-
mosome was still present: a small one of
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the group designated E. Presumably this
chromosome carries the thymidine ki-
nase gene. This was confirmed when the
clones were removed from the selec-
tive medium and exposed to bromode-
oxyuridine, which kills cells containing
thymidine kinase. None of the cells that
survived this treatment contained the
chromosome in question.

The mouse-human hybrids can surely
be used to locate other genes in specific
chromosomes. The gene need not be for
an enzyme that is missing from the
mouse parent as in the case of thymidine
kinase. Because of the physical differ-
ences between mouse and human forms
of many enzymes, one can find out
which human enzymes are retained in
various hybrid populations and so cor-
relate the presence of the enzyme with
that of a specific chromosome. Similar
experiments should reveal the location
in human chromosomes of genes that de-
termine the presence of antigens. So-
matic hybridization has already shown
that genes for human antigens must be
widely distributed among the human
chromosomes since the human antigenic
activity of the hybrid cells is propor-
tional to the number of human chromo-
somes they contain. Adding a purified
antiserum that acts against a speciﬁc an-
tigen should make it possible to trace
that antigen’s gene to a single chromo-
some. In short, it appears likely that
within a few years a number of human
genes will have been assigned to specific
chromosomes. Whether more refined
genetic analysis and mapping will be
possible with somatic hybrids depends
on whether genetic events comparable
to those that produce recombination
within the chromosomes of germ cells
occur also in mammalian somatic cells.

(ﬁ‘ rosses between differentiated and
A undifferentiated cells, or between
differently difterentiated cells, can pro-
vide information on the nature of the
regulatory processes involved in cell spe-
cialization. The activities of somatic cells
can be divided into two general cate-
gories. There are “essential” functions
that are indispensable for the cells” own
maintenance and growth and there are
specialized “luxury” functions, such as
the formation of muscle fiber, the secre-
tion of hormones and the production of
pigment, that are necessary for the sur-
vival of the organism but not for the
survival of isolated cells. The essential
functions are expressed in all growing
somatic cells. Each luxury function, on
the other hand, is expressed in a differ-
ent line of specialized cells. In 1961
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MOUSE-HUMAN hybrids are illustrated by the cell cultures (left)
and the karyograms (right) of the mouse parent line (top), the hu-
man parent (middle) and the hybrid (bottom). The human cells,
derived from embryonic lung tissue, contain the normal number of
chromosomes (46, or 23 pairs), arranged here in the usual seven
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groups (plus the two female sex chromosomes). Except for a tend-
ency to align in parallel, the hybrid cells look more like the mouse
cells than the human ones. This is in keeping with the fact that
the hybrid karyogram contains only 14 of the 46 human chromo-
somes, which are readily distinguished from mouse chromosomes.
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Frangois Jacob and Jacques Monod of
the Pasteur Institute in Paris discovered
mechanisms that regulate the activity of
genes in bacteria. Itis generally believed
that similar mechanisms are responsible
for specialization of somatic cells—that
sets of genes governing the various lux-
ury functions are activated or repressed
as required in the cells of the different
tissues. Since bacterial and mammalian
cells have very different properties and
requirements, however, it would not be
surprising if somatic cells have evolved
some unique mechanisms for the regula-
tion of gene activity.

Working with Davidson and Kohtaro
Yamamoto at Western Reserve, one of
us (Ephrussi) crossed two cells, one of
which synthesizes a certain luxury prod-
uct. This differentiated parent is a line
of hamster tumor cells that produce mel-
anin, a dark pigment. When cells of this
melanoma line are crossed with cells of
a number of different mouse lines that
have never produced melanin, the hy-
brids have a rather stable karyotype and
contain most of the chromosomes of both
parents. Yet among the many hybrid
colonies obtained, none synthesizes mel-
anin or contains the enzyme dopa oxi-
dase, which is required for the synthesis
of the pigment and which is present in
large quantities in the melanoma cells.
Obviously, when the melanoma cells
fuse with the unpigmented ones, the
synthesis of the enzyme is halted by
some regulatory substance produced by
the normal cells. Whether this block oc-
curs at the level of the gene specifying
dopa oxidase (which was active in the
melanoma cell) or at some later step in
the process leading to dopa oxidase pro-
duction is something that remains to be
determined.

Some light may be shed on the mech-
anism of regulation of gene activity in
mammalian cells by examination of high-
ly segregated hybrids between melano-
ma cells and cells that do not produce
the pigment. If the genes responsible
for producing melanin are active in the
melanoma parent because of some stable
change at the chromosome level, and if
they are only temporarily repressed in
the hybrid cells, then the loss of the re-
pressing chromosomal material should
bring a resumption of melanin synthesis.
If synthesis does not resume, one will
have to conclude that the continuous
production of melanin in the melanoma
parent was not due to a stable cellular
change in the first place.

The melanoma cell is a differentiated
cell that synthesizes both a specialized
product and all the enzymes necessary

ENZYME AND CHROMOSOME can be correlated in the clone from which this metaphase
was taken. All but three human chromosomes have been lost: two of Group G (thin ar-
rows) and one of Group E (heavy arrow) remain. The Group E chromosome is always
retained in clones grown, as this one was, in a medium in which cells survive only if
they produce the enzyme TK. Therefore that chromosome must carry the gene for TK.

for continuous and rapid growth. Some
other highly differentiated cells no long-
er grow at all; the essential syntheses
that occur in growing cells are arrested.
Does this reflect a total and definitive in-
activation of the nucleus associated with
extreme differentiation? Harris and his
co-workers have shown that it does not.
They produced heterokaryons between
nucleated red blood cells taken directly
from the blood of a hen and actively
growing, undifferentiated human cells.
The human cells are characterized by
rapid synthesis of deoxyribonucleic acid
(DNA) and ribonucleic acid (RNA); the
hen blood cells synthesize ueither and
they have small, highly condensed nu-
clei characteristic of quiescent cells. In
the heterokaryons the red-cell nuclei
undergo dramatic changes: they swell
up, their chromosomal material becomes
less condensed and they resume the syn-
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thesis of both DNA and RNA. Clearly
the red-cell nucleus is reactivated; it
must not have been irreversibly inacti-
vated to begin with.

It will be most interesting to deter-
mine precisely which of the numerous
possible functions are resumed in these
reactivated nuclei. Can the nuclei of
highly differentiated cells such as the
red blood cells be induced to perform
not only some essential functions but
also specialized functions characteristic
of other difterentiated cell types? It
should be possible to answer this ques-
tion by determining the nature of the
products synthesized by red-cell nuclei
that are reactivated by fusion with other
differentiated cells. A positive answer
would open a new line of biochemical
investigation of the factors that control
cellular differentiation in embryonic de-
velopment.
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EIDETIC IMAGES

Certamn mdividuals report that they brieﬂy retain an almost

photographlc image of Sometlnng they have seen. Experlnlents

with children suggest that such images are a real phenomenon

any people believe they can re-
tain a vivid image of something

they have seen. When such peo-
ple undertake to describe this ability, it
usually turns out that the images are
fleeting and lacking in true visual qual-
ity; the person describing the images is
not quite sure that he is not merely re-
membering or imagining them. Certain
individuals, however, report something
rather different: a sharp visual image
that persists for many seconds or even
minutes. They speak of the image being
localized in space in front of their eyes,
usually in the same plane as the original
stimulus. They maintain that it is so well
defined that they can describe it in far
more detail than they could from mem-
ory alone. They report that the image
can be formed when their eyes simply
flick over the original scene without fix-
ating it, and also that the image can be
scanned as it remains stationary in space.
Such reported images have been
named eidetic, after the Greek cidétikos,
meaning pertaining to images. Eidetic
imagery was once the subject of consid-
erable investigation; more than 200 ex-
periments and studies on it have been
published, most of them before 1935.
This work indicated that whereas eidetic
ability is relatively rare after puberty, it
is common in young children (an aver-
age of 50 percent of the elemeutary-
school-age children who were studied
appeared to possess it). These findings
were based, however, on widely diver-
gent and often inconsistent methaods. In
spite of the seeming prevalence of eidet-
ic imagery, the poor methods and an in-
ability to explain the phenomenon tend-
ed to lead psychologists to ignore eidetic
images, along with most of the other
mental states that depend so heavily on
subjective reports.
The past decade has witnessed a re-
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newed interest in visual imagery of all
kinds, particularly in connection with
how images facilitate perceptual mem-
ory. It seemed only natural to look again
at eidetic imagery, the most enduring
and complete kind of imagery. Does
it really exist? Can children (or adults)
with this ability be found, and if so, in
what other ways might their visual per-
ception and perceptual memory be dif-
ferent? Exactly how do eidetic images
differ from the ordinary visual memories
reported by most adults? How does a
child with eidetic imagery prevent his
visual experiences from becoming a
hopeless muddle? Is eidetic imagery a
more primitive or developmentally ear-
lier mode of perception and memory?

rl‘o answer some of these questions my
colleagues and T (including from the
beginning my wife and more recently
Jan Leask Fentress) launched a large-
scale effort to find eidetic children and
examine aspects of their imagery and
other perceptual abilities. Because of the
elusive nature of the phenomenon, and
because of the difficulty of finding a
large number of eidetic children, we
have conducted comparatively few for-
mal experiments. Even so, we have
found answers to a few of the questions
listed above (although more questions
have been raised). I shall describe how
we conducted our search for eidetic
children and some of the more outstand-
ing results of the project. I shall also
discuss, as I present the evidence, the
visual character of eidetic imagery.
The basic procedures we followed in
order to locate eidetic children were
adapted from research of 40 years ago.
Children from four elementary schools
were tested individually, and as it be-
came clear that eidetic imagery was go-
ing to be a rare phenomenon, we found
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it necessary to test large numbers of
them. Our results are based on about 20
eidetic children, although more than
500 children have been screened in all.
The screening began with a test de-
signed to elicit afterimages, which are
a common phenomenon not to be con-
fused with eidetic images. The subject
sat before a table on which an easel of a
neutral gray color was placed. His eyes
were about two feet from the middle of
the easel [see illustration on page 40].
A tape recorder transcribed the voices
of the subject and the experimenter.
The first stimulus placed on the easel
was a four-by-four-inch square of red
paper mounted on a board of the same
material as the easel. After 10 seconds
the board was removed, and the subject
then reported what he saw on the easel.
At the beginning of this test he was in-
structed to stare at the center of the
colored square as hard as he could, try-
ing not to move his eyes. He was told:
“After the square is removed, you will
still be able to see something there. It
is very much like when you stare hard
at a light bulb and then look away. You
can still see something out there in front
of your eyes.” If a child acted as if he
was unfamiliar with this phenomenon,
he was told to try it out with one of the
overhead lights in the room. He was also
encouraged to report, without waiting
to be asked, what he saw after the
square was removed and he continued
to stare at the place where it had been.
During the exposure the experimenter
watched carefully to be sure that the
subject did not move his eyes. If, when
the square was taken away, the subject
said he saw nothing, he was encouraged
by being assured that it was all right
to see something. If he still said he saw
nothing, he was reminded to stare hard
and not move his eyes at all, and he was



-

TEST PICTURE was shown for half a minute to elementary school picture, painted by Marjorie Torrey, appears in an edition of
children; a few then reported eidetic images of it. For example, Lewis Carroll’s Alice in Wonderland abridged by Josette Frank
one boy saw in his image “about 16 stripes in the cat’s tail. The and is reproduced with the kind permission of Random House.
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COMPOSITE PICTURES, closely resembling each other, provid- to distinguish between them accurately than would a child without
ed a test of eidetic imagery. A child capable of maintaining eidet- such images who relied solely on his memory of the pictures.
ic images of both pictures would presumably he better equipped The montages were made by Leonard W. Doob of Yale University.
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questioned about whether he knew what
these instructions meant.

If the subject said he did see some-
thing, he was allowed to report spon-
taneously. Then he was questioned
about items he had not reported. Was
the image still visible? What was its col-
or and shape? When the subject moved
his eyes (he had been asked to try to
look slowly toward the top of the easel),
did the image move? How did it disap-
pear? After the image had faded com-
pletely the experimenter repeated the
initial instructions and another square,
a blue one, was placed on the easel. The
same procedure was followed with a
black square and then a yellow one.

Nter the last square had been reported

on, the test for eidetic imagery be-
gan. Four pictures were shown: two sil-
houettes of black paper pasted on a gray
board (one showing a family scene and
one an Indian hunter) and two illustra-
tions in color taken from books for chil-
dren. Each picture was presented for 30
seconds. For this test the subject was
given the instructions: “Now I am going
to show you some pictures. For these,
however, I do not want you to stare in
one place, but to move your eyes around
so that you can be sure you can see all
of the details. When I take the picture
away, I want you to continue to look
hard at the easel where the picture was,
and tell me what you can still see after I
take it away. After I take it away, you
also can move your eyes all over where
it was on the easel. And be sure, while
the picture is on the easel, that you move
your eyes around it to see all of the
parts.”

During the viewing period the experi-
menter watched to be sure that the pic-
ture was scanned and not fixated. After
the first picture was removed the sub-
ject was reminded to continue looking at
the easel and report whatever he could
still see. He was also reminded that he
could move his eyes. If a subject report-
ed seeing something, the experimenter
asked if he was actually seeing it then
or remembering it from when the pic-
ture was still on the easel. The subject
was frequently asked if he was still see-
ing something, since subjects would of-
ten fail to say that the image had faded
and would continue reporting it from
memory. The experimenter probed for
further description of all objects still vis-
ible in the image. He noted the relation
between the direction of the subject’s
gaze and details of his report. This
process was repeated for all four pic-
tures. The average time for testing var-

ied from four or five minutes for a young
subject with no visual imagery to more
than 30 minutes for an older subject
with extensive imagery.

The tests were scored by encoding the
tape recordings on data sheets. A differ-
ent coding sheet was set up for each
stimulus. The reliability of this conden-
sation of the data was nearly perfect be-
cause there were categories for every
object in the picture and most of their
attributes. The coder rarely had to make
a scoring decision.

We have introduced a number of vari-
ations in the screening, but these repre-
sent the main procedures. When a child
was considered to be eidetic, further
tests, demonstrations and examinations
usually followed. I shall not present
them in chronological or systematic or-
der here, since most of the sessions did
not constitute formal experiments.

Before discussing specific characteris-
tics of eidetic imagery, let me make a
few general comments. About half of the
children screened said they saw some-
thing on the easel after the picture was
removed, but nearly all these reports
were of afterimages and the like, that is,
the images were fleeting and indistinct.
Between 5 and 10 percent of the chil-
dren, however, reported images that
lasted much longer (a half-minute or
more) and that possessed some sharp de-
tail. Without committing ourselves, we
labeled these children eidetic and ob-
served them further. Hereafter I shall
refer to this group as eidetic, although
you can judge for yourself whether they
can be differentiated from the rest, and
whether they have any visual imagery
of noteworthy quality. I feel that the
answer to both questions is clearly yes.

et me start by offering an example
(taken directly from a tape record-
ing) of a report of an eidetic image. Not
all eidetic reports are like this one; on the
other hand, it is not atypical. The sub-
ject, a 10-year-old boy, was seated be-
fore a blank easel from which a picture
from Alice in Wonderland had just been
removed.

Experimenter: Do you see something
there?

Subject: I see the tree, gray tree with
three limbs. I see the cat with stripes
around its tail.

Experimenter: Can you count those
stripes?

Subject: Yes (pause). There’s about
16.

Experimenter: Youre counting what?
Black, white or both?

Subject: Both.
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Experimenter: Tell me what else you
see.

Subject: And I can see the flowers on
the bottom. There’s about three stems,
but you can see two pairs of flowers.
One on the right has green leaves, red
flower on bottom with yellow on top.
And I can see the girl with a green dress.
She’s got blonde hair and a red hair band
and there are some leaves in the upper
left-hand corner where the tree is.

Experimenter: Can you tell me about
the roots of the tree?

Subject: Well, there’s two of them
going down here (points) and there’s one
that cuts off on the left-hand side of the
picture.

Experimenter: What is the cat doing
with its paws?

Subject: Well, one of them he’s hold-
ing out and the other one is on the tree.

Experimenter: What color is the sky?

Subject: Can't tell.

Experimenter: Can’t tell at all?

Subject: No. I can see the yellowish
ground, though.

Experimenter: Tell me if any of the
parts go away or change at all as I'm
talking to you. What color is the girl's
dress?

Subject: Green. It has some white on
it.

Experimenter: How about her legs
and feet?

(The subject looks away from the
casel and then back again.)

Experimenter: Is the image gone?

Subject: Yes, except for the tree.

Experimenter: Tell me when it goes
away.

Subject: (pause) It went away.

The fact that only about 5 percent of
the children reported images as pro-
longed and vivid as this one raised our
immediate concern about the validity of
eidetic imagery. How could it shrink in
frequency so much in the 35 years since
the early investigations? Perhaps it did
not exist at all. The children might be
faking or be strongly suggestible, giving
us answers we led them to expect we
want. Or could we as psychologists be
fooled into thinking that these few chil-
dren are describing their imagery when
they are only telling us about their vivid
memories? All of these have been dif-
ficult questions to answer or even to
investigate. Furthermore, some of the
most convincing evidence in support of
visual images comes not from experi-
ments but from incidental observations
or comments made by the children that
suggest the visual characteristics rather
than the memory characteristics of the
reports. Instead of listing such evidence
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out of context I shall consider it in rela-
tion to some of the properties of eidetic
imagery we measured.

First, who are the eidetic children?
Those we labeled as such were distrib-
uted fairly evenly over the five grades
from the second through the sixth. The
absence of eidetics from the first grade
and kindergarten (which were also test-
ed) seemed due to the verbal demands
of the task that was set, so that we have
no way of being sure that younger chil-
dren are less likely to be eidetic. The sex
and racial makeup of the eidetic group
mirrored the school populations as close-
ly as such a small sample can. We tested
LQ., reading achievement and aspects
of personality, but we could find nothing
that differentiated the eidetic group
from comparable noneidetic children.

The rather unsuccessful attempt to
find some distinguishing characteristic
of eidetic children has given us con-
cern, although without further enlight-
enment. There is no question about the
reliability of the testing for eidetic im-
agery, however. Once labeled this way,
an eidetic child always produces such
images. We have tested a few of the
children four times over a five-year pe-
riod, and have found no loss in the qual-
ity of their imagery.

One aspect of eidetic imagery we
measured was the length of exposure
time required for the formation of an

image. For nearly all the eidetic chil-
dren a five-second viewing of a picture
will lead to an image of at least parts of
it (the parts examined during that time).
The better eidetic children (those who
could more easily report long-lived and
complete images) could occasionally
form an image after only three seconds.
Although we did not make careful mea-
surements, it appears that three to five
seconds of central viewing is needed to
produce an image, and that the size of
such an image is two or three degrees of
visual angle. This is roughly the size
covered by the fovea, the area of the
retina that provides sharp vision. Thus
to have a complete image of a typical
picture measuring five degrees by five
degrees at least four separate fixations
would be needed. The children report
that they do not have an image of parts
of the picture they did not look at long
enough, even though they may know
and be able to remember what the parts
contain. Moreover, the relation between
duration of exposure and the production
of an eidetic image holds even if the pic-
ture is totally familiar to the child.
Hence his memory of it could be essen-
tially perfect and complete and yet
whether or not he has an image depends
on how long his eyes dwell on the pic-
ture in the most recent viewing. Ob-
servations of this kind further suggest
the visual character of eidetic images.

We wondered why eidetic children
were not confused by the continual
bombardment of images. The children
described several ways they controlled
the production of images. One way, of
course, is not to look at anything too
long. Moreover, most of the children in-
dicated that exaggerated eye blinks
could serve to “erase” an image. Nearly
all the children said that if they moved
their eyes from the original surface on
which the picture was viewed, the im-
age would disappear. This would fur-
ther reduce the possibility of an eidetic
child’s picking up random images as he
looks about the world.

By far the most intriguing method of
control reported to us (again by
most of the children) was based on nam-
ing the items in the picture. That is, if
while the child is looking at the picture,
he names, labels, rehearses or otherwise
actively attends to the items, he will not
have an image. After several children
mentioned this spontaneously, we exam-
ined it more explicitly. In viewing some
pictures a child would be asked to name
each part; for other pictures the experi-
menter named the parts but the child
was not asked to do so. We found a clear
difference: no image or only a poor, brief
image would form of those pictures for
which the child had named the parts.
We have not yet been able to pursue

SUBJECT WAS TIMED as he inspected the picture; he was also
watched to see whether he examined every part of it. After the pic-
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ture was removed from view he reported to the experimenter what
(if anything) he saw on the blank easel. His words were recorded.



this finding further. It seems to imply at
one level that eidetic children retain in-
formation either in the form of an image
or in the form of a verbal memory or an-
other kind of memory more similar to
that in adults. The children do not seem
to be able to do both at once. This can
help to explain an earlier finding of ours.
In one screening test, after an eidetic
child had completed a description of his
eidetic image and had said it had faded
completely, he was asked to describe the
stimulus from memory. Noneidetic chil-
dren who had no images at all were also
asked to describe the stimulus from
memory. We expected the eidetic child
to have a far superior memory, because
he had had the opportunity to view not
only the picture but also his enduring
image, but we found that eidetic chil-
dren were only slightly better than the
others, and in some cases no better at
all. It was as if the eidetic child paid no
attention to his image in organizing his
memory. Interpreting this behavior in the
light of the later observations, it seems
that if an eidetic child wishes to get an
image, he can pay no attention to the
picture in composing his memory, be-
cause trying to do so interferes with the
image. The child asked to produce im-
ages sacrifices the memory. I shall re-
turn to this point. Let me note that here
again we can make a distinction be-
tween the visual character and the mem-
ory character of the child’s report, sug-
gesting that the visual nature of eidetic
imagery has some validity.

Can an eidetic child prolong his image

or bring it back after it has disap-
peared? Does he have any control over
its disappearance? Can he change the
size or orientation of his image, or move
it to another surface? The answer to each
of these questions is in general negative.
Few eidetic children seem to have any
control over the images once they are
formed.

The group of eidetic children we stud-
ied differed substantially among them-
selves with respect to the quality of their
images. For example, the child with the
most enduring images consistently re-
ported them as lasting 10 minutes or
more. Some eidetic children had good
images that lasted no more than a min-
ute. There was also variation among
children in the completeness of the im-
age, particularly for nonpictorial materi-
al such as printed letters. Some children
could regularly see in their image all the
letters of a very long nonsense word.
Other children could see only some of
the letters, still others just a few letter
fragments. There were eidetic children

QUALITY OF EIDETIC IMAGES (reconstructed from verbal reports) varied from child
to child. At left is the range of image completeness (of a nonsense word) for all the children
with eidetic ability. Each reconstruction characterizes a different child most of the time. At
right is the sequence of fading of all eidetic images. A perfect “image” is used as a model.

who could get images of pictures easily
but could rarely see any print in an im-
age. What is interesting about this is
that the pattern of fading for a particu-
lar eidetic child seems to reproduce the
spectrum of image completeness of the
group as a whole [see illustration above].
All the eidetic children reported that
their images ended in the same manner
each time, the image fading part by part
in a comparatively independent fashion.
As a good image begins to fade, first
some fragments disappear and then
more of them go until just a gray streak
is left and finally nothing remains. The
parallel between completeness and fad-
ing suggests that the mechanism respon-
sible for the completeness of an eidetic
image is similar to the one for its subse-
quent fading.

None of our eidetic children main-
tained that he could by any action pro-
long his image. One girl reported the
ability to bring an image back after it
had faded. She was asked to do this over
periods of several weeks and reported
being able to do so.

We explored somewhat more fully
whether the eidetic child can move his
image or change its size or orientation.
The apparent size of an afterimage var-
ies with the distance of the surface on
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which the image is projected (an effect
known as Emmert’s law). No such effect
can be tested with eidetic imagery be-
cause the eidetic child cannot move his
image off the original surface without
losing it. The image could be moved
over the surface, but nearly all the chil-
dren said that when they tried moving
the image over the edge, it “falls off.”
Only the girl who was able to bring her
images back could move her image off
the surface. (She said she could move
it anywhere and even turn it upside
down.) With this one exception the im-
age seems to be related in specific ways
to the picture that produced it. It has
the same size, orientation and shape. It
moves on its “own” surface but not into
space or onto a “foreign” surface.

We had used pictures selected to

be interesting to children in our
screening procedures, because the older
studies suggested that these elicited bet-
ter eidetic images. We were also most
interested in images of letters and how
much information was maintained in
these images. This was significant in its
own right and also because eidetic im-
agery might facilitate or hinder reading.
Although all the eidetic children were
able to develop images of print (we used
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long nonsense words, strings of digits or
misspelled words), these images were in
general poorer than images of pictures.
They were less complete and distinct,
and did not last as long. The quality of
the image did not differ according to
the kind of printed material. The dura-
tion of exposure also seemed to be ir-
relevant. An eidetic child with only a
partial image of print would not get a
better one if he looked longer.

One procedure we followed was to
show a subject letters or digits one at a
time through a small viewing window in
a screen. The most striking result was
the nearly uniform statement by the
children that as each new item appeared
in the window they moved their image
of the preceding one along the surface
to the left [see illustration below]. When

the image of the first letter exposed
reached the left margin of the surface,
it would (if it had not yet faded with the
passage of time) “fall off” the edge and
disappear. Note again the visual charac-
ter of this description given by nearly
every eidetic child.

Regardless of whether the child
scanned a group of letters from left to
right or from right to left, the items seen
last exerted a strong effect. This was
clearly due to the fact that the images of
the first items scanned were fading be-
fore the last ones were scanned. Since
in a task of this kind the first items
viewed would normally be remembered
better, the finding again seems to indi-
cate that the children are seeing some-
thing rather than just remembering it.

We were disappointed in how few

SEQUENCE OF LETTERS appeared one at a time in an aperture of a screen as children
who had previously displayed eidetic ability watched. They reported that the image they
formed of a letter (gray letter) moved to the left as a new letter appeared in the window.
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letters (or digits) can be maintained in
a visual image. For a relatively good
eidetic child an average of only about
eight of 10 letters (one presented every
three seconds) remained in an image
after the 30 seconds of total exposure,
and this held only under optimum con-
ditions. A few of the children could
probably have done better had we given
them more letters, but for most of the
children items of this kind do not per-
sist in images for nearly as long as parts
of pictures. Although we did not try to
use a page of printed words as a stim-
ulus, it was clear that none of the chil-
dren would have had an eidetic image
of even part of it.

In an attempt to learn the amount of

information retained in an image, we
tried two tests utilizing pictorial items.
For one test we designed a “rogues’ gal-
lery,” showing a group of letters and a
series of digits in conjunction with the
shoulders and head of the “wanted”
man [see illustration on opposite page].
Only four of the eidetic children could
develop an image of even part of the
gallery, and these images were so incom-
plete that the children were unable to
report much information. None of the
children felt he could have maintained
better images with longer exposures.
(The exposure time was about three sec-
onds per rogue.)

In the second test montages made up
of familiar objects were presented to the
children. The montages were in pairs,
one member of the pair rather closely
resembling the other [see illustration on
page 38]. We expected (and showed)
that from memory alone children and
adults often tended to confuse which ele-
ment belonged in which picture of the
pair, assuming that they could remem-
ber all the elements to start with. An ei-
detic child, however, if he could have
a good image of both members of a pair,
should have no trouble describing them
accurately. Unfortunately when first one
and then the other montage was shown
to the eidetic group, only one child was
able to maintain an image of the two pic-
tures side by side. Several children could
retain images of the second montage
shown, but the first image would dis-
appear. None of the eidetic children
could report any more detail or accurate
positioning of detail than noneidetic
children could.

We therefore have been unable to de-
termine how much information an eidet-
ic image can contain, because eidetic
children do not achieve satisfactory im-
ages of either high-information stimuli
or even simple nonpictorial stimuli. One
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“ROGUES’ GALLERY” STIMULUS was designed to provide a
basis for estimating the amount of information contained in an ei-
detic image. In addition to the name and the number associated with

reason for the poor response to letters
may have been the tendency to name
them, which we already know interferes
with the formation of a good image.
These results are somewhat in contrast
with the seemingly better images from
complex but cohesive pictures.

We have also tried to elicit eidetic
imagery with a few three-dimensional
objects. Three of the eight children so
tested reported images of everyday ob-
jects, at which they looked for 30 sec-
onds. They were able to move their im-
ages and reported that they had clear
three-dimensional qualities. The chil-
dren were also shown the visual illusion
known as the Necker cube, a line figure
that spontaneously reverses in apparent
depth [see top illustration on next page].
During the 30 seconds of scanning time
all the children reported reversals of
depth; only three (the same three men-
tioned above) could report reversals in
their image. The number of reversals in
the image was about four per 30 seconds
compared with seven per 30 seconds
during the viewing of the drawing of
the cube. Since (barring deliberate fak-
ing) a report of a reversal requires a
three-dimensional view, a few of the
eidetic children seem to be capable of
forming three-dimensional eidetic im-
ages. A reversal also requires a visual
experience. There is nothing in the mem-
ory of a Necker cube that would cause
its orientation to alternate.

t several points in this article T have

raised the question of whether ei-
detic imagery could merely be vivid
memory. This is a crucial aspect of the
research. Some criticisms of the earlier
studies of eidetic imagery focused on
the lack of evidence that the eidetic
children were reporting a visual image
rather than just describing their mem-
ory of the stimulus. Whereas many in-

L

credibly detailed reports of eidetic im-
ages have been described in these stud-
ies, there is no reason to doubt that some
children may have superb memories and
be quite capable of the same feats from
memory alone.

I believe that resting the case for ei-
detic imagery on the fidelity of reports
is the wrong approach. Our own evi-
dence suggests that the amount of de-
tail an eidetic child can report from his
image is in general not phenomenally
good (although we have had some amaz-
ing exceptions). I see no reason to assert
that an eidetic image has to be complete
or contain all the content of the original
stimulus, or that it must last long enough
to enable the eidetic child to describe
all the content before it fades.

If we are not to depend on the crite-
rion of accuracy, then what does differ-
entiate eidetic images from other kinds
of images or from memory? The only
distinction with respect to other images
is in their location. Afterimages seem to
be the result of differential adaptation of
retinal receptors and neural units. The
image, once formed, is “burned on” the
retina and cannot be moved in relation
to the retina. Moreover, during the for-
mation of an afterimage reasonably sta-
ble fixation is required to produce the
differential adaptation. The likelihood of
an afterimage’s being produced should
thus vary inversely with the amount of
scanning during inspection and with the
degree to which the image itself can be
scanned once it is formed. Since in all
our work with eidetic images we demand
scanning during inspection of the stim-
ulus and check further to be sure the
child moves his eyes during his report
of his image, it seems almost certain
that this image cannot simply be retinal
in origin.

We still leave open the possibility
that an eidetic image is not an image at
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arogue there are binary dimensions that could be used descriptive-
ly, for example the presence or absence of hair or a hat. The rogues
(together with 20 others) were shown as a group to the children.

all. The child may not be seeing any-
thing in front of his eyes. It is always
possible that these children are trying
to fool us when they say they see the
image; that our questions effectively
structure their answers to be as if they
saw images; that since they think we
want them to talk about images, they
do; that they are so suggestible they
“think” they see images even if they do
not, or that the distinction between see-
ing and remembering is so difficult for
a child (let alone an adult) that he is in-
nocently confused. All of these are pos-
sible explanations and are likely to be
true for perhaps one or two children
most of the time and for many of the
children occasionally.

Still, sufficient evidence is available
to support the argument that these are
images that are visual in nature and not
dependent on memory in any way (ex-
cept perhaps negatively). Whereas this
argument cannot be settled to the de-
gree we would wish, let me repeat some
of the observations or comments that
support the visual character of eidetic
imagery: (1) An eidetic child can remem-
ber parts of the picture he cannot see
in his image, and he says he did not
have an image of those parts because
he did not look at them long enough.
(2) A conscious attempt to label the con-
tent of the stimulus interferes with the
formation of an image. (3) Nearly all the
eidetic children report the same pattern
of fading in their images, even though
that is only one of a number of possible
sequences. (4) When asked to move their
image from one swrface to another, ei-
detic children report spontaneously that
when it reaches the edge it falls off. (5)
When the child forms an image of letters
exposed individually in a window, he
moves his image to the left as a new let-
ter appears in the window. Furthermore,
when the image reaches the edge of the
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the visual character of eidetic imagery.
This has been very difficult to work out,
and our first step is only a beginning.
We wanted a test for the screening of
eidetic imagery that did not depend on
verbal facility and could not be biased
by memory. The best solution we have
found so far is to use a sequence of pic-
tures that together form another picture
[see illustration below]. The first pic-

VISUAL ILLUSION was presented to chil-
dren to explore their ability to form three-
dimensional images. The area of the cube in
color can appear as a front surface or as a
rear surface, producing (in some children’s
images) a reversal in the cube’s orientation.

surface, it too falls off. (6) Children are
most capable of seeing details that they
scanned most recently, a result contrary
to normal organization in memory. (7)
At least some of the eidetic children are
able to develop three-dimensional im-
ages. This was particularly true with the
Necker cube, for which reversals cannot
be the result of anything other than a
visual three-dimensional image.

This list should be longer, and there
are certainly a large number of other
observations that could be made to help
verify the distinction proposed here. At
present this represents the nature and
amount of evidence we have.

We have tried only one direct test of

ture shown to the child is designed in
such a way that, although it is cohesive
in its own right, if it is superimposed on
a second picture, a third picture (a face)
is formed by the combination. Assuming
that the combination picture is unpre-
dictable from either picture alone, the
only way the eidetic child could know
what the combination is would be if he
could superimpose one picture on the
other visually. If he viewed the pictures
separately, this could be accomplished
only by maintaining an image of the
first picture long enough to superim-
pose it on the second one.

We have given this test to 20 eidetic
children. Only four (who were among
the best four in other criteria as well)
were able to “see” the combination face
picture. The reaction of one child was
quite impressive to us. After develop-
ing a good image of the first picture, he
superimposed his eidetic image of it on
the second and at first persisted in re-
porting the various separate elements
of each picture. Suddenly, with obvious
surprise, he reported the composite face
and exclaimed that the experimenter
was pretty “tricky” to have fooled him
that way.

Although a few adults appear able to
see the outline of the face in the first
picture alone, children do not seem able
to. Nevertheless, many more versions of
the test need to be tried. It is a stringent
test, since not only does it require a
fairly complete image of the first pic-
ture lasting long enough for it to be su-
perimposed on a second picture but also
it assumes that the first image will not
be erased and can be lined up with the
second picture. The instance mentioned
above seems to be one where an initially
poor alignment stood in the way of a
meaningful result. The child suddenly
saw the composite after nearly a min-
ute of viewing, when presumably he
achieved a better alignment of image
and picture.

This test cannot be faked, nor does it
depend on memory or on any distinction
between memory and imagery. All the
child has to do is describe what he can
see when the second picture is present-
ed. The test could in fact be used with
very young and preverbal children (and
could be adapted for animals, if anyone

thought they might be eidetic).

Much more work needs to be done

with eidetic imagery. We know
very little about eidetic children as in-
dividuals and have only an inkling of
what their imagery is like, but the shun-
ning of an interesting psychological phe-
nomenon for 35 years should be ended.
Imagery is an important characteristic
of many cognitive tasks, and it should
be further opened to serious scientific
investigation.
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RECOGNITION TEST posed the problem of visually superimpos-

ing an image of a picture on another pictur
first were shown the picture at left; it was
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e. The eidetic children
then removed and the
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middle picture was exposed to view. Some children then “saw” a
face. At right is the picture formed by combining the other two
pictures. None of the children saw a face in the picture at left.



In hope of doing each other some good

Oriented NMR, a game

The following chemicals are offered for sale:

Butyl p-(p-Ethoxyphenyloxycarbonyl) phenyl Carbonate
(EAsTMAN 10482)

p-(p-Ethoxyphenylazo) phenyl Hexanoate (EAsTMAN 10537)
p-(p-Ethoxyphenylazo) phenyl Undecylenate (EASTMAN 10541)

p-[ (p-Methoxybenzylidene)amino Jphenyl Acetate (EASTMAN 9966)
p-[ (p-Methoxybenzylidene) amino ]phenyl Benzoate

(EAasTMAN 10604)

Many thoroughly likeable people educated along paths dif-
ferent from yours distrust and deplore “chemicals.”

What is the purpose of these chemicals?

Is it to frustrate the natural order of life on the planet? No.

Is it to clean clothes faster or drive engines faster? No.

Is it to prevent rust, or cure illness, or force more milk
from cows? No.

The purpose of these chemicals is to add a dimension to
nuclear magnetic resonance.

Nuclear magnetic resonance was once a game which had
for its object the confirmation of one’s suspicions about the
structure of a molecule in solution from the way its protons
(or other nuclei of odd atomic number or odd atomic weight)
resonate under the combined influence of a strong magnetic
field and r.f. irradiation.

Now NMR is taught to smart sophomores. Since ambitious
industrial laboratories must do it or be considered backward,
they have to be able to prove that NMR is done for more
than the pleasure of the practitioner. Chemists unafraid of

Outpost on the Front Range

70% of the American people are jammed onto 1% of the
land. If inhabitants of the other 99 % like it that way, it’s easy
to see why. Nevertheless, we are finding a welcome around
Windsor, Colorado to match the beauty of the Front Range
of the Rockies. We are putting up a plant there, our first U.S.
photographic manufacturing plant away from Rochester,
N.Y., which is now just on the edge of Megalopolis.

Several dozen supervisory people are coming out from
Rochester to get the new factory going. “Doer” types—they
and their families. Conditioned to ask how they can lend a
hand to whatever needs doing locally. By and by, about 900

Sunlight-resistant draperies

It was in Kingsport, Tenn. nearly 50 years ago that we first
tried manufacturing in thinly populated country. That opera-
tion, undertaken to supply raw materials for photographic
film, by and by became one of the four U.S. sources of ace-
tate fiber. Mankind had covered its nakedness with cellulose
long before learning how to acetylate but appreciated the
psychic lift from the look and the feel that textile designers
achieved with cellulose acetate. As acetate became basic to
civilization, prosperity brightened the East Tennessee hills.

Both shiny and dull types of acetate were demanded. Dull-
ness was attained with titanium dioxide, a compound which
under certain sunny conditions catalyzes oxidation by the air
of H,O to Hy0,. The peroxide in turn attacks the ether
linkages in cellulose acetate. If the dull acetate happens to be
in the form of drapery lining, the dry cleaner gets maligned.

playing games have lately had to take up a more
advanced form of NMR. Here the molecules
under study are held in the grip of a special kind of
solvent which orients them to the magnetic field. This
vastly complicates the resonance spectrum. Protons for-
merly indistinguishable because their differences in position
are blurred by random motion no longer appear identical
when the randomness diminishes. Now angles and relative
distances within the molecule can be calculated. With one of
the intramolecular distances independently measured by some
other technique, such as electron diffraction, the complete
molecular construction is bared—provided there are no more
than about eight protons in the molecule. If there are many
more, it gets a little tough in the present state of the game to
adjust the player’s preconception of the configuration to the
observed spectrum. X-ray diffraction data must have looked
just as formidable to the brave workers who first hacked at
organic architecture in the solid state.

This game, too, will quit being a game when the present play-
ers will have robbed it of intrigue and moved on to something
morve challenging. Meanwhile a “Bibliography on Liquid Crystals
in NMR” is available from Eastman Kodak Company, Eastman
Organic Chemicals, Rochester, N.Y. 14650. T he orienting nematic
liquid-crystal compounds named at left form eutectic mixtures
with desirably low (“semi-") melting points in the thirties instead
of the seventies as for the individual compounds (Angew. Chem.,
Intern. Ed., 6:450 (1967)). They can be ordered from the familiar
distributors of Eastman laboratory chemicals: B&A, CURTIN,
FISHER, HOWE & FRENCH, NORTH-STRONG, SARGENT-
WELCH, VAN WATERS & ROGERS, or WILL.

of the thousand or so people working there will have been
hired locally. Whether they will have come in from half a
mile away or from 2,000 miles away is up to them. Whatever
their origin or ancestry, they ought to be doer types them-
selves who insist on living and working in a place no less
pleasant than the Front Range was before we arrived. More
prosperous but no less pleasant.

We can no more allow the neighbors in Colorado to regret
their cordiality than we can slough off our responsibilities in
Megalopolis. There is now more to business than good prod-
ucts, smart R & D, and a silky public relations department.

Lately some of the scientific talent now peopling the hills
has disclosed through U.S. Patent No. 3,274,014 that by in-
cluding in the yarn-spinning solution a compound like zinc
ethyl phosphate, it is possible to have very cheerful draperies
that are as good as plain cotton sateen at resisting sunlight
deterioration and much better at standing up to heat degrada-
tion from ducts and radiators. You might save a few dollars
in the long run by dropping a postcard to Eastman Chemical
Products, Inc., Home Furnishings Merchandising, 260 Madi-
son Avenue, New York City 10016, asking what brands of
draperies use ESTRON SLR® Acetate. To provide trustworthy,
practical, statistically sound evidence on how much longer
to expect them to last by virtue of the invention, we have been
permitted to embellish seven Kingsport churches with such
draperies.
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Rolls-Royce unlimited.

New test bed helps Rolls-Royce
build quiet into jet engines.
One of the newest additions to
Rolls-Royce’s jet engine noise research
facilities is a $1 million outdoor test
bed, especially created for
development testing of the RB.211
fanjet. The RB.211 will power
Lockheed’'s new L 1011 TriStar,
the extraordinarily versatile airliner
thatcan fly shorthops or long ones,
carry up to 345 passengers and still
use existing airport facilities.

The new testbed is located
outdoors to eliminate the effect of
sound bouncing off surrounding walls.
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It's equipped with banks of
microphones and tape recorders for
fast, accurate noise evaluation studies.

The RB.211 is expected to be quieter
than turbofans in airline service today,
particularly during approach and
landing maneuvers.

Rolls-Royce also does noise research
for the RB.211 on specialized test
beds at Derby, and in its anechoic
chamber near Coventry, England. This
is the largest such chamber in the world.

One hundred eighty-one L 1011
TriStars are on order. Airline customers
include Eastern, TWA, Delta, Northeast
and Air Canada.
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First flight for Concorde.

The Anglo-French Concorde
supersonic airliner took to the air
for the first time on March 1.

For its initial flight, the Concorde
ambled along at a mere 280 miles
per hour, at 10,000 feet.

Once in service, in the early 1970's,
it will fly at an altitude of over
twelve miles, at speeds up to 1400
miles per hour. That's fast enough
to getyou from New York to London
in 3% hours, high enough to

let you see the earth’s curvature.

The Concorde is powered by four
Olympus 593 turbojet engines which
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are, like the plane itself, a joint
Anglo-French project. The Bristol
Engine Division of Rolls-Royce
builds the engine; the French engine
firm SNECMA builds the exhaust
system, comprising nozzles,
afterburner, thrust reversers and
retractable silencers. The Olympus
593 is the first commercial airliner
engine to use an afterburner.

ROLLS

R

ROYCE

Rolls-Royce Limited
Derby, England

551 Fifth Avenue,
New York, N.Y. 10017
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PAPERS THAT HOLD OUT GREASE
and repel oil, or water, solvents, waxes, inks,
and asphalt. Papers that can be used in con-
tact with dry, aqueous, or fatty foods . . .
at freezing, refrigerated, or room tem-
peratures. Many other papers that perform
specific functions at lowest possible cost.
These are the VALUE-ENGINEERED PA- |
PERS FROM THE MILLS OF MOSINEE.
Call or write for more information. Ask for
our “Portfolio of Performance” on Value-
Engineering.

®

MOSINEE PAPER MILLS COMPANY
MOSINEE, WISCONSIN 54455
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Russian Science Policy

he U.S.SR. employs at least as
I many professionally trained work-
ers in research and development
as the U.S. does, according to a study of
Russian science policy soon to be pub-
lished by the Organization for Economic
Cooperation and Development. Indeed,
one authority quoted in the OECD re-
port estimates that the U.S.S.R. employs
more engineers in R. and D. (close to
600,000) than the U.S. employs scientists
and engineers combined (500,000). Be-
tween 1955 and 1965 both the U.S. and
the U.S.S.R. doubled the proportion of
their gross national product invested in R.
and D. from 1.5 percent to about 3 per-
cent. The OECD report concludes, how-
ever, that Russian scientific productivity
per man still lags behind that in the U.S.
The U.S.S R. is only now beginning to
create institutions comparable to the in-
dustrial research laboratories that per-
form such a large fraction (some 70 per-
cent) of all R. and D. in the U.S. In the
U.S.S.R.responsibility for conducting re-
search is divided between the Academy
of Sciences (together with academies in
the various republics) and government
ministries. In 1965 the “academy sys-
tem” controlled 958 scientific establish-
ments employing 74,000 scientists. The
“ministerial system” controlled almost
exactly four times as many establish-
ments and scientific workers. In addi-
tion, 221,800 scientists and engineers
were employed as teachers in 754 insti-
tutions of higher education.
Research is coordinated by three bod-
ies: the State Committee for Science and
Technology, the State Planning Commit-
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tee (Gosplan) and the Academy of Sci-
ences. It appears that the influence of
the State Committee and the Academy
has been declining and the influence of
the Gosplan has been increasing. Last
year the first deputy chairman of the
State Committee argued forcefully for a
crash program to raise the annual invest-
ment in R. and D. from 10 to 15 percent
per year to 20 to 25 percent in the five-
year period 1971-1975. He presented
data showing that the return on science
expenditure was 1.49 rubles per year per
ruble invested, whereas in the economy
at large the return was only .39 ruble per
ruble. Gosplan officials countered with
figures showing that the return on major
R. and D. projects was only .74 ruble
per year and that the results often fell
short of expectations.

According to Russian sources, the
U.S.S.R. devotes 10 to 12 percent of its
total R. and D. budget to fundamental
research, or about the same percentage
as in the U.S. In the U.S.S.R. develop-
ment absorbs about 50 percent, com-
pared with 66 percent in the U.S. The
remainder of both budgets is devoted to
applied research, a category falling be-
tween research on one hand and devel-
opment on the other. The U.S.S.R. has
recently allowed large industrial com-
bines to establish their own research lab-
oratories, on the American model, and
is encouraging industry to work more
closely with the universities and with
combines that do engineering research
on a project basis. The goal is to make
research in the U.S.S.R. more innovative.

The Service Economy

Since World War II the U.S. has be-

come a “service economy,” in which
for the first time in history more people
are engaged in providing services for
other people than are engaged in grow-
ing or making things. It was in 1957
that more than half of the American
working population came to be em-
ployed by organizations that provide
services rather than in agriculture or
by organizations that produce tangible
goods. In a new book, The Service Econ-
omy, Victor R. Fuchs of the National
Bureau of Economic Research examines
the implications of this watershed in the
human condition.

Fuchs points out that since 1947 near-
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well in color television cameras,

ly all the net increase in U.S. employ-
ment has occurred in service institutions
such as schools, banks, hospitals, retail
stores, research institutions, government
agencies and the like. As a matter of
fact, the increase in employment in ed-
ucation between 1950 and 1960 was
greater than the total employment in the
steel, copper and aluminum industries in
either year. This growth is laid largely
to a slower increase in pr()ductivity in
services than there was in production.
Mechanization and other improvements
in producing industries have allowed
manpower to be diverted to the service
sector just as increasing affluence has
created more demand for services.
Comparing the service sector with in-
dustry, Fuchs points out that the service
sector tends to provide opportunities for
small firms and nonprofit organizations,
countering industry’s trend to giant cor-
porations. Since less physical labor is in-
volved, women and older workers can
compete more readily for service jobs.
The advent of a service economy also re-
verses the trend toward depersonaliza-
tion that came with mass production,
since service workers are often closely
related to their work and have opportu-
nities to exercise personal skill. Gross na-
tional product, the traditional tool with
which to study productivity and eco-
nomic growth, may be less effective
in a service-dominated economy, Fuchs
thinks. Output is difficult to measure in
services (and is not measured at all in
do-it-yourself activities), and so new
measures of economic welfare may be
required to supplement the G.N.P.

Gut Learning

\m’mals can learn to control voluntarily
<X guch supposedly involuntary viscer-
alresponses as heart rate, blood pressure,
stomach activity and kidney function.
This finding, the result of a series of ex-
periments conducted by Neal E. Miller
and his colleagues at Rockefeller Uni-
versity, has profound implications for
theories of learning and psychosomatic
medicine and could lead to methods for
treating human psychophysiological dis-
orders.

It has long been assumed that reason
and the voluntary responses of skeletal
muscles are superior functions and that |
emotion and the glandular and visceral |

why can’t they work
in other things, too?

They can. Our dichroic mirrors sharpen color
separation to improve the broadcast image in
color television cameras. They can also be
used to reflect infrared and transmit visible
wave lengths or vice versa. They are used in
photo projection equipment, research and test
equipment and other areas where color sepa-

ration is necessary.

Other vacuum-deposited coatings of aluminum, chrome and gold are used
to make first-surface mirrors, neutral filters, Hi-Efficiency beam splitters.
Metallic and transparent electrically conductive coatings are available for
resistance heating, IR reflecting and RF shielding applications.

Liberty Mirror applies vacuum-deposited coatings to glass, optical parts,
metal, epoxy or plastic. If you have a potential application, Liberty Mirror

engineers will help you solve your
problems. Technical data sheets and
prices available on all coatings from
Liberty Mirror, Brackenridge, Penn-
sylvania 15014,
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functions are involuntary and inferior.
Similarly, learning theorists have distin-
guished between classical conditioning
(for autonomic responses) and what is
variously called instrumental learning or
operant conditioning (for voluntary be-
havior). In classical conditioning one “re-
inforces” a response (such as salivation)
with a stimulus (such as food) that al-
ready elicits the desired response. In
instrumental learning any reward can
reinforce any immediately preceding re-
sponse. Instrumental learning is there-
fore far more generally applicable and
can be used to promote a wide range of
behavior. Miller suspected that there is
in fact only one kind of learning and set
out to show that visceral responses could
be learned through instrumental train-
ing. His results are reported in Science.

With Alfredo Carmona, Miller in-
duced salivation in thirsty dogs by re-
warding increased salivation with water.
(The water had previously been shown
to have no appreciable effect on spon-
taneous salivation.) In order to show that
this was not a result of classical condi-
tioning, they reversed the experiment
and trained dogs to salivate less fre-
quently. In order to rule out any volun-
tary, skeletal-muscle effect, Miller and
Jay Trowill learned to block an animal’s
motor-nerve endings with the drug cu-
rare. Using as a reward first the direct
electrical stimulation of “pleasure” areas
of the brain and then the absence of a
mild electric shock, Miller and Leo V.
DiCara were able to train curare-para-
lyzed animals both to speed up and to
slow down their heart rate, to relax and
contract the intestinal muscles, to con-
strict blood vessels in one ear while dilat-
ing vessels in the other ear and similarly
to control stomach contractions, urine
formation, blood pressure and other re-
sponses.

Experimental difficulties make it hard-
er to demonstrate the learning of visceral
responses in humans than in animals, but
Miller believes “in this respect [humans]
are as smart as rats.” Several investiga-
tors have provided evidence that they
are indeed. Most recently a Harvard
Medical School group has reported in
Science that volunteers can be led to
modify their blood pressure through
feedback and reinforcement. Each “suc-
cess” (a rise in pressure for some, a de-
crease for others) was signaled by a flash-
ing light; the reward, after 20 flashes,
was a glimpse of a nude pinup picture.
Most of the volunteers later indicated
that they had had no control over the
flashing light and did not in fact know
what physiological function was being
measured, and so they presumably were
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not exerting skeletal-muscle control. The
investigators, David Shapiro, Bernard
Tursky, Elliot Gershon and Melvin Stern,
suggest that their technique may be of
value in treating hypertension.

The Rain in Space

rI‘ho same group of investigators that

recently detected microwave radia-
tion from ammonia molecules in the di-
rection of the galactic center (“Science
and the Citizen,” February) has now
found similar evidence for the presence
of water in three regions of interstellar
space. The group (which consists of Al-
bert C. Cheung, David M. Rank, Charles
H. Townes, Douglas D. Thornton and
William J. Welch, all of the University
of California at Berkeley) reports its lat-
est findings in Nature.

The search for microwave radio sig-
nals characteristic of emission from wa-
ter molecules was carried out with the
20-foot radio telescope at the univer-
sity’s Radio Astronomy Observatory near
Hat Creek. The telltale radiation, at a
wavelength of 1.35 centimeters, was re-
corded from three different directions.
One source, in the constellation of Sagit-
tarius near the direction of the galactic
center, appears to coincide with a source
of strong radiation from ammonia mole-
cules, although, the investigators point
out, “there is reason to believe the two
molecular species may not be closely as-
sociated.” Emission from water mole-
cules was also picked up from the di-
rection of the Orion nebula and from the
direction of a radio-emitting hydrogen
region designated W49. No ammonia
emission was detected from either of
these two regions.

The Berkeley group attributes the
observed radiation to water molecules
“because its frequency coincides very
closely to that found for H,O in the
laboratory, and no other known atomic
or molecular species can explain the
observations.” The possibility that wa-
ter in the earth’s atmosphere could pro-
duce the observed radiation was elimi-
nated as a possible source for several
reasons.

The observed radiation is surprisingly
strong, which suggests that the water is
present in “rather special regions of
higher than normal excitation.” The in-
vestigators estimate that in the case of
the radiation from the Orion nebula
“the actual microwave brightness tem-
perature of the source would have to be
at least as high as a few hundred de-
grees, and in W49 at least as great as
1,000 degrees.” They add that the ac-
tual temperatures may be much higher
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if these sources are smaller than their
estimated angular size or if they are “op-
tically thin.” The high intensity and
the narrowness of the spectral lines ob-
served suggest that inside the sources
“thermal equilibrium does not occur and
that there may even be maser action.”

Tough Concrete

Treatment of concrete with a liquid

“ monomer that is then polymerized
and hardened by ionizing radiation pro-
duces a material that is far stronger and
more durable than untreated concrete,
according to a report by the U.S. Atomic
Energy Commission and the Bureau of
Reclamation of the U.S. Department of
the Interior. The favored technique has
been to soak ordinary hardened concrete
in the monomer and then to expose the
concrete for several hours to radiation
consisting of gamma rays from cobalt
60. The most satisfactory monomer yet
found is methyl methacrylate. The ex-
perimenters have also worked with other
monomers, have achieved polymeriza-
tion by a thermal-catalytic process rath-
er than by radiation and are investi-
gating the possibility of including the
monomer in the original mix.

Comparing the concrete-polymer with
untreated concrete in a number of tests,
the experimenters found increases of 285
percent in compressive strength, 292
percent in tensile strength, a decrease to
negligible amounts in the permeability
of the material to water (with a conse-
quent gain of more than 300 percent in
resistance to damage from freezing and
thawing) and reduction of corrosion by
brines and distilled water to negligible
amounts. A cost comparison, using as an
index the ratio of the finished-unit cost
of a material to its strength, showed that
concrete-polymer is superior to steel,
aluminum, concrete alone and plastic
alone in compression, better than con-
crete alone or plastic alone but second
to steel and aluminum in tension and
much better than concrete alone in dura-

bility.
Dead Galaxies

A crucial observational value in decid-
+* ing among different cosmological
models of the universe is the mean den-
sity of matter. The amount of mass dis-
tributed throughout space in ordinary
galaxies is inadequate by a factor of
about 40 to produce a finite universe; if
there is no matter except for what is ob-
servable, the universe must be infinite.
This has led P. ]. E. Peebles and R. B.
Partridge of Princeton University to pro-



pose that the universe may contain many
“dead galaxies”—galaxies become so dim
that only the nearest would be visible.

Peebles suggests that such galaxies,
uniformly distributed in space, could ac-
count for puzzling absorption lines found
in the spectra of many of the most re-
mote quasi-stellar objects. One such ob-
ject is PKS 0237-23. The light emitted
by PKS 0237-23 shows a red shift indi-
cating that the object is receding at more
than 80 percent of the velocity of light.
Thus the Lyman-alpha line of hydro-
gen, which originates in the far ultra-
violet at a wavelength of 1,216 ang-
stroms, is observed at a wavelength
of 3,928 angstroms, at the edge of the
visible spectrum. The value of the red
shift is defined as the line displacement
divided by the undisplaced wavelength
(2,712 + 1,216), or 2.22. An analysis of
more than 40 absorption lines in the
spectrum of PKS 0237-23 was recently
made by John N. Bahcall, Jesse L.
Greenstein and Wallace L. W. Sargent
of the California Institute of Technol-
ogy, who found that 28 of the lines ex-
hibit five distinctive red shifts: 2.20,
1.67,1.66, 1.51 and 1.36. They proposed
that the absorbing material could be ei-
ther in clouds surrounding the quasi-
stellar object or in interstellar gas con-
tained within galaxies in the line of
sight between the quasi-stellar object
and the solar system. On the basis of
counts of ordinary galaxies it seems un-
likely that there are enough in the line
of sight, and also below the threshold
of visibility, to produce the absorption
lines. This might seem to leave clouds
near the object as the only explanation.
Peebles proposes, however, that if one
introduces the hypothesis that the uni-
verse contains many randomly distrib-
uted dead galaxies, it is quite likely that
several will lie in the line of sight to dis-
tant quasi-stellar objects.

The Knappers of Cakmak

rl"he only living men who make tools

- by flaking flint are usually believed
to be a few primitive tribesmen who
still follow the customs of their forebears
and a handful of specialized craftsmen
who fashion the flints needed for sur-
viving flintlock firearms. During recent
archaeological work in Turkey, Jacques
Bordaz of the University of Montreal
found this belief to be in error: flint-
knappers in the Turkish village of Cak-
mak produce 500 tons of flint blades
every year, enough to provide fresh cut-
ting edges for all the threshing sledges
in rural Turkey.

Writing in Natural History, Bordaz
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relates that Turkish wheat-growers like
1o separate the grain from the stalk,
as other Middle Eastern farmers have
done for thousands of years, not by flail-
ing or trampling but by dragging a
sledge over sheaves spread on a thresh-
ing floor. Made out of a pair of joined
planks, each sledge has 600 to 800 slots
chiseled into its bottom face and a blade
of flint a little less than two inches long
is set on edge in each slot. The thresher
stands on the sledge, guiding the horse
or yoke of oxen that drags the sledge
around the threshing floor so that the
flints chop up the straw and free the
grains from the chatt.

The knappers of Cakmak, each of
whom can turn out 500 pounds of blades
a day from locally quarried nodules of
flint, may have helped Bordaz to find
the answer to a question that has long
puzzled students of Paleolithic tools.
How were the long, delicate parallel-
edged flakes that are characteristic of
Upper Paleolithic blade industries de-
tached from the “core” piece? One way
would be direct percussion: striking the
core with a hammerstone. Many schol-
ars believe, however, that direct percus-
sion is too crude a technique and vi-
sualize the use of a punch made of antler,
bone or wood. With a punch the knap-
per either could have pushed sharply
against the core (a process called pres-
sure-flaking) or could have tapped the
punch with his hammerstone (a process
called indirect percussion). Thousands
of flakes, cores and hammerstones have
been found at Upper Paleolithic sites
but no punches. There is good reason for
their absence if Paleolithic knappers
used the Cakmak technique. Letting
the hammer fall directly on the flint
core, the Turks detach a perfect blade
three to five inches long with almost
every stroke.

Good Grief

Grief, the intensely painful response

to the severance of a close personal
relationship, may have originated with
evolutionary pressures imposed on the
individual by the exigencies of group
survival. James R. Averill of the Univer-
sity of California at Berkeley, who ad-
vances this hypothesis in Psychological
Bulletin, notes that the behavior asso-
ciated with normal grief seldom varies.
He delineates three stages of grief.
There is first a period of shock or dis-
belief when the bereaved person tends
to deny the reality of his loss and con-
tinues to behave much as before. This
stage is followed by one of despondency.
It is marked by mental anguish, with-
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drawal from others, an inability to con-
centrate on work or to start new activi-
ties and also by somatic complaints, in-
cluding wakefulness and loss of appetite.
Finally, there is a period of recovery
when the individual accommodates to
his loss.

Averill points out that grieflike reac-
tions have often been observed in apes
and monkeys. An example he cites is
that following the death of her infant
a female gorilla or rhesus monkey may
continue to carry the body for days, as
if denying the reality of the infants
death.

The behavior associated with grief is
in some respects paradoxical, Averill
says. The inability to initiate new ac-
tions hinders a break with the past; with-
drawal prevents the establishment of a
new relationship. Since this behavior
seems calculated to prolong rather than
to alleviate suffering (and also to im-
pede the reproduction of the species), it
is hard to see what adaptive value it
could have. He argues that this difficulty
is eliminated if one considers the func-
tion grief might serve in the kind of
group that higher primates form, namely
one held together by attachments be-
tween individual members. The mainte-
nance of the interpersonal bonds on
which the group critically depends
would not necessarily be ensured by in-
centives such as sexual attraction or plea-
sure derived from play or mutual groom-
ing. Once such activities had been
satiated there would be little reason for
an individual to remain with the others.
A more effective mechanism for promot-
ing group cohesiveness would be a re-
action of extreme psychological and
physiological stress felt both by an iso-
lated animal and by individuals in the
group responding to its loss. This is the
role Averill assigns to grief.

Gnathostomulidology

\ phylum is a major unit of biological
classification: the phylum Chordata,
for example, includes all animals with
hollow dorsal nerve cords from the sea
squirt to man. One might suppose that
among them the animal kingdom’s 27
phyla could embrace any new species
that might be discovered. Yet a 28th
animal phylum has recently been estab-
lished. Named the phylum Gnathosto-
mulida, it comprises several genera of
marine worms whose existence in spe-
cialized coastal habitats went virtually
unnoticed until the late 1950’s.
Although the first gnathostomulid
species was observed in the Baltic in
1928, the report was not published until
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1956. Thereafter other species were
found in the Mediterranean, the Indian
Ocean, the North Sea, the White Sea,
the Red Sea, the Caribbean and, most
recently, in Atlantic coastal waters from
Maine to North Carolina. Reporting on
these discoveries in Science, R. ]. Riedl
of the University of North Carolina notes
that the new phylum now includes 10
genera and 43 species. Riedl expects
that other new species will be found in
all the silty shallows of the earth.

Pointing out that the last phylum es-
tablished before the discovery of the
gnathostomulids—the phylum Pogono-
phora—was also required by the dis-
covery of previously unnoticed marine
invertebrates, Riedl attributes the new
species’ long anonymity to three factors.
First, they are delicate organisms, are
often less than half a millimeter in length
and are recognizable only when they are
alive. Second, they attach themselves
strongly to the silts in which they live
and are difficult to extract. Third, they
can survive under stagnant conditions
that leave their surroundings partially
or wholly without oxygen. As a result in-
vestigators in the past have either chosen
not to collect samples of these odorous
and presumably lifeless silts or have dis-
carded them long before conditions were
bad enough to make the worms emerge
and so reveal themselves.

The Random Lawn Mower

Anyone who has mowed a lawn has

probably dreamed that someone
would design an automatic mower but
then has dismissed the dream on the
ground that the geometrical patterns of
mowing would call for an impossibly
sophisticated guidance system. A firm
near Buffalo has solved the problem by
designing an automatic lawn mower that
cuts in a random pattern. The battery-
operated Mowbot, made by Mowbot,
Inc., of Tonawanda, N.Y., is deflected
from borders and fixed objects by a bur-
ied wire that emits a signal that can be
detected by the machine’s electronic sen-
sors. The sensor that receives the signal
turns the mower away from the border
at an angle that differs from the angle of
approach. If the mower comes in contact
with an unwired object, such as a toy or
an infant, it turns itself off and must be
restarted.

The Mowbot runs for about three
hours on a single charge. In that time
it can cover about 7,000 square feet of
lawn. Although three hours is twice or
three times as long as a man would need
to cover the same amount of ground,
the machine has nothing better to do.
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By 1978, cars will be less of a smog

Some people think of the twenties as the
golden age of motoring. They have a point.

We drove on wiggly roads instead of turn-
pikes. Fifty miles an hour was heady stuff. Cars
were reasonably reliable but still slightly ad-
venturous. And there weren’t many of them.
Who cared if they smoked a bit? The blue va-
pors floated up to the blue sky and disappeared.
Or seemed to.

By the fifties, things were different. There
were twice as many cars. And a new word had
entered our vocabulary. Smog. The car’s con-
tribution to this phenomenon had become a
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problem to be takern very seriously. Rightly so.

By 1978, there will be six times as many
cars on American roads as there were in the
late twenties. Will the exhaust problem be six
times worse? The answer from Jersey’s affiliate,
Esso Research, is a resounding no. Here are a
few incontrovertible facts.

Air pollution from cars has reached its
zenith. We have now passed the turning point.
Despite the car population explosion, total ex-
haust emissions will go down this year—further
down in 1970—and further and further down
in all successive years.
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problem than they were 1n 19238, - 74

By the early eighties, the unburned gaso-  other systems that will actually change polTtr=.
line exuded by each car will be less than half an  tants into nonpollutants. .~ =
ounce a day. Little more than you need to fill Ten years from now, We may well
a cigarette lighter. look back on the 1960’s as the

Credit for this encouraging news must go  not-so-golden age of smog.
equally tooilindustryscientists,automotiveen- '
gineers and intelligent lawmakers. But Jersey
can justly claim a major role.

Esso Research scientists have worked with
car experts to design fuels and lubricants that
help cut unburned gasoline vapors and carbon
monoxide to a minimum.

They have built a simple device that can
reduce evaporation from your gas tank and car-
buretor by 95 per cent.

And they are now studying catalysts and,

——
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FIFTY-TON CARRIER made of steel and concrete is used at the facility where the material is processed for shipment to users. The

Oak Ridge National Laboratory to transport synthetic elements. carrier has a capacity of one gram of californium, which represents
In this case californium that has been made in the laboratory’s large-scale production of this synthetic element. The concrete in
high-flux isotope reactor is being moved from the reactor to the the carrier shields against the intense radioactivity of the element.
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THE SYNTHETIC ELEMENTS: IV

Three earlier articles in this magazine described the synthesis

of elements through element 103. Recent investigations suggest

the possibility of extending the list to element 114 and beyond

by Glenn T. Seaborg and Justin L. Bloom

I I Yhis series of articles, dating from
1950, has recorded the discovery
of the synthetic elements, which

are made in the laboratory, in nuclear
reactors or in nuclear explosions rather
than being found in nature. All but four
of them are transuranium elements,
meaning that they are heavier than ura-
nium, which is the heaviest natural ele-
ment. By April of 1963, when the third
article was published, 11 transuranium
elements had been prepared; they ex-
tended through element 103, lawren-
cium. There has been increasingly good
evidence for element 104 and incon-
clusive evidence for element 105 in the
past six years. Our primary purpose in
this article is to summarize recent work
giving rise to the exciting prospect
that the list of elements can be extended
far beyond what had been thought
possible.

The reader will find it helpful to keep
in mind a few fundamental facts. The
chemical properties of an element are
determined by the number of electrons
in the electron cloud surrounding the
nucleus of each of its atoms, and this
number in turn is determined by the
number of positive charges, or protons,
in the nucleus. The atomic number of
an element is the number of protons: hy-
drogen has one, helium two, uranium
92 and so on. The elements are tradi-
tionally arranged in the periodic table,
which shows the similarities in their
chemical properties [see illustration on
next page].

Although an element is characterized
by the number of protons in the nucleus,
the number of chargeless particles, or
neutrons, associated with a given num-
ber of protons varies. As a result an ele-
ment can exist in various species—iso-
topes—that differ in weight and stability
but not significantly in chemical proper-
ties. The sum of the protons and neu-

trons of a nuclear species is the mass
number of the species. Uranium 238, for
example, has the 92 protons character-
istic of the element and 146 neutrons;
the isotope can be written 233U or, more
formally, #38U. Most isotopes are not
stable, and as a result they tend to decay
into other isotopes or elements by beta
radiation (the emission of positive or
negative electrons by nuclear particles),
alpha radiation (the emission of alpha
particles, which consist of two protons
and two neutrons) or spontaneous fis-
sion. Other types of radioactive decay
can also occur. The creation of a new
heavy element is essentially the reverse
of a decay process: one can, for example,
add protons to the nucleus of an existing
element, driving them into the nucleus
with the help of a particle accelerator
such as a cyclotron or a linear accelera-
tor. Another method is to add one or
more neutrons to an existing nucleus,
raising the mass number by the number
of neutrons added. By a radioactive de-
cay process a neutron within the nucleus
can then emit an electron, thereby be-
coming a proton and raising the atomic
number by one. The neutrons can be
obtained from an accelerator, a nuclear
reactor or a nuclear explosion. Since
they are chargeless, they enter the posi-
tively charged nucleus of the target ele-
ment easily and do not need to be ac-
celerated to high energy.

A useful concept in foreseeing the
nature of the transuranium elements
and in recognizing them when they are
encountered has been the family-like
relation of a number of the elements that
was predicted by one of us (Seaborg) in
1944. The relation arises from the dis-
position of electrons around a nucleus
in a series of shells and subshells, which
are really a simplified physical repre-
sentation of quantum-mechanical en-
ergy levels [see illustration on page 59].
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The prediction was that the elements
from element 90 through element 103
would behave much like the series of
rare-earth elements from 58 through 71,
which had been named the lanthanide
series because they have chemical prop-
erties similar to those of the immediately
preceding element, lanthanum (element
57). By analogy the series through ele-
ment 103, including the transuranium
elements, was called the actinide se-
ries after actinium (element 89), which
immediately precedes the first element
in this series (thorium).

The Transuranium Elements

Up to the time of the third article in
this series the rate of discovery of trans-
uranium elements had been high, rough-
ly one new element every two years. It
is not surprising that such a rate could
not be maintained, since each step for-
ward has required more and more com-
plex apparatus and methods to increase
the number of protons in the nucleus,
while at the same time the stability of
the nuclei produced has decreased, mak-
ing them difficult to observe and iden-
tify. Nonetheless, heavy synthetic ele-
ments are a subject of livelier interest
than ever because of advances in the
theory of nuclear stability, which have
given rise to the possibility of synthetic
elements beyond the dreams of early
workers in the field. Concurrently great
progress has been made in manufactur-
ing in quantity the unstable elements
through element 98, in enlarging knowl-
edge of their properties and in finding
worthwhile applications for them. The
heightened interest in work on the heav-
ier synthetic elements is indicated by
the fact that this field is no longer vir-
tually the exclusive province of investi-
gators in the U.S. The U.S.S.R. has a
cyclotron laboratory at Dubna, under
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the direction of Georgii N. Flerov, that
is even larger than the facilities devoted
to the synthesis of heavy elements at
the Lawrence Radiation Laboratory of
the University of California at Berkeley.
(The Berkeley laboratory has been the
site of the discovery of nine of the 11
commonly recognized transuranium ele-
ments and continues to be the leading
American laboratory engaged in the pur-
suit of new elements.) Workers in other
countries are also making significant
contributions, particularly to the theo-
retical aspects of the subject.

In 1950 the first article in this series
reported that the elements through
atomic number 97, berkelium, were
known, and a periodic table accompany-
ing the article gave implied positions for
additional elements up to atomic num-
ber 118, which was predicted to be a
noble gas homologous with radon. The
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ELEMENT 114

precise positions the undiscovered ele-
ments would occupy in the periodic ta-
ble were not given, although the table
did show the potential existence of elec-
tron subshells through element 118. The
second article, in 1956, noted that ele-
ments through 101, mendelevium, had
been discovered, and the accompanying
periodic table showed positions for ele-
ments through 106, as well as electron
subshells through element 118. The
1963 article reported the addition of
elements 102 and 103 to the known ele-
ments, and the periodic table showed
specific locations for the elements
through 118.

Now, with increased courage based
on new information, we present an ex-
panded periodic table of what may be
surprising dimensions. The table [oppo-
site page] extends the periodic arrange-
ment of the elements beyond the actinide

series (elements 90 through 103) far into
what we designate the transactinide re-
gion: the elements following 103. The
most striking feature of this arrangement
is the addition of another family-like
inner transition series starting at about
atomic number 122 and extending
through atomic number 153. We call
this grouping the superactinide series,
because of its rough analogy to the lan-
thanide and actinide series, but we
hasten to point out that each element of
this series does not correspond to an
actinide (or a lanthanide) element on a
one-to-one basis. This could hardly be
the case, because the superactinide se-
ries is postulated to contain 32 elements,
whereas the lanthanide and actinide se-
ries each contain 14 elements. Follow-
ing the superactinide series, elements
154 through 168 are shown as being
homologous with elements 104 through

ELEMENT 126

THE PERIODIC TABLE on the opposite page presents the 103
commonly recognized natural and synthetic elements together with
hypothetical positions for additional elements through element
168. The 15 definitely known synthetic elements are indicated by
solidly colored rectangles. Lightly colored rectangles indicate in
general the synthetic elements not yet discovered, although ele-
ments 104 and 105 have been reported. Most elements in each hori-
zontal row differ from one another in chemical properties. The
lines running from top to bottom connect elements of similar
chemical properties. Above the symbol for each element is its
atomic number: the number of positive charges in its nucleus or
the number of electrons bound by them. In each horizontal row the
colored brackets designated Is, 2s, 2p and so on denote the filling of
subshells of electrons, and it is largely the number of electrons in
the outer shell that determines the chemical properties. The elec-
tron-shell structures predicted for the undiscovered superheavy ele-
ments 114 and 126 are given in the schematic drawings on this page.

In X-ray terminology the shells are designated K through R ; in spec-
trographic terminology they are 1 through 8. The spectrographic
subshells are s, p, d, f and, in the case of element 126, also g. The
maximum number of electrons (dots) in any s subshell is two, in
any p subshell six, in any d subshell 10, in any f subshell 14 and in
any g subshell 18. For each subshell the number of electrons is indi-
cated by asuperscript figure. In most elements all the inner subshells
are filled, and electrons add to the outer shell with increasing
atomic number. In the “lanthanide” rare-earth elements (numbers
58 through 71) the number of 5d and 6s electrons remains approx-
imately the same and electrons in successive elements are added to
the inner 4f subshell. The transuranium elements through lawren-
cium, element 103, are part of another group of rare earths, the “ac-
tinides,” in which the inner 5f subshell fills up. This table presents
for the first time a similar “superactinide” series, predicted to run
from about element 122 through element 153, and formed by the
filling of new 5g and 6f inner subshells. Electron shell 8 is also new.
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118, with element 168 occupying the
position of a noble gas, although since
it would be too heavy to be a gas it
might better be termed a noble liquid.
If this hypothetical extension of the
periodic table seems brash, consider
that serious experimental efforts are
being made to produce element 114 and
its neighbors and that a search for ele-
ment 110 in nature has been under way
for almost a year. We shall discuss these
intriguing matters in more detail farther
along in this article. For the moment we
ask the reader to accept the proposition
that the thought being given to what the

periodic table might look like, in regions
heretofore considered beyond experi-
mental verification, is much more than
idle speculation.

Elements 101 to 105

We should first like to bring the read-
er up to date on the experimental results
concerning those scarce elements with
atomic numbers immediately beyond
100, elements whose quantities, incred-
ible though it may seem, are measured
in terms of the individual atoms pro-
duced. Element 101, mendelevium, in

the form of the isotope =°*Md, was first
synthesized at Berkeley in 1955 on a
one-atom-at-a-time basis. In recent years
several additional isotopes of mende-
levium have been prepared, the most
important one being ***Md, which has
the surprisingly long half-life of two
months. It has been produced in what
must be considered a large quantity—
10,000 atoms—by the bombardment of
an isotope of einsteinium with ions of
helium. 1t is therefore quite likely that
eventually enough mendelevium can be
made so that some of its bulk properties
can be measured. The isotope *¢Md,
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HYPOTHETICAL ELEMENT 114, predicted to have exceptional
stability, is represented in terms of the half-lives predicted for
three types of decay. Atomic number is constant at 114; different
isotopes are indicated by the different neutron numbers. The con-
trolling method of decay changes as shown by the colored curve,
with the most stable isotope, 295114, indicated by a circle. The hori-
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zontal bars, which are related only to the horizontal scales, show
the range of mass numbers that could be created by various nuclear
reactions, such as the bombardment of curium 244 with argon
ions. The uranium-uranium reaction appears to offer the best
possibility for reaching the predicted region of exceptional stabil-
ity centered around mass number 298 and neutron number 184.
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which has a half-life of 77 minutes, has
been used by chemists at the Lawrence
Radiation Laboratory to elucidate some
of the chemical properties of the ele-
ment in aqueous solution. The findings
concern the oxidation state of the ele-
ment. (Most chemists now use the term
“oxidation” to signify the removal or
neutralization of an element’s electrons;
“oxidation state” is a somewhat more
rigorous term for what is also called the
valence of an element.) It turns out that
mendelevium possesses, in addition to
the tripositive (I1I) oxidation state char-

ments, a moderately stable dipositive
(IT) oxidation state.

The 1963 article of this series pre-
sented details of the method employed
at Berkeley in 1958 by Albert Ghiorso
and his colleagues to synthesize element
102. The isotope 254102 was identified
through the fact that its daughter, an
isotope of fermium, 239Fm, formed by
alpha-particle decay, was observed and
chemically identified. The half-life of
254102 was reported on the basis of an-
other set of experiments to be about
three seconds, but later work at both

that this short-lived activity was due to
another isotope, #2102, also produced
in the 1958 experiments. The actual
half-life of 234102 is now known to be
about a minute.

More important than the resolution
of this complexity has been the discov-
ery at Dubna and Berkeley of several
other isotopes of element 102. Most of
them have half-lives of more than three
seconds, enabling radiochemists to de-
lineate the chemistry of this exotic ele-
ment by means of some remarkable ex-
periments. For example, using the three-

acteristic of the actinide series of ele- Dubna and Berkeley has demonstrated minute %102 isotope Jaromir Maly,
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ference between the atomic number and the mass number in each
case. The lowest curve at any given mass number or atomic number
depicts the controlling method of decay, which is the shortest half-
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life. The controlling mode of decay changes in the manner shown
by the colored curve, with the most stable isotope, 294110, indicated
by a circle. The horizontal bars, which again relate only to the
horizontal scales, indicate typical nuclear reactions that might be
employed to produce nuclei with 184 neutrons. Only the uranium-
uranium reaction appears to approach the area of highest stability.
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NEUTRON-CAPTURE PROCESSES resulting in the formation of
heavy elements are indicated. Chain from plutonium 239 to fer-
mium 257 has been achieved in high-flux reactors; predicted path be-
yond 257Fm is shown in gray. Vertical segments of line represent
beta decay, which can occur at several points because the target
element must be irradiated for a long time. Chain from uranium 238
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represents neutron captures in uranium exposed to neutrons from
underground nuclear explosions. No time for beta decay is avail-
able during irradiation. After the explosion beta decay can occur
at any mass number of uranium that has been produced, as shown
at 257U, Predicted path beyond 257U is gray; undiscovered isotope
273106 as an end product indicates the large number of possibilities.
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Torbjorn Sikkeland, Robert |. Silva and
Ghiorso demonstrated at Berkeley in
1967 that the (II) oxidation state of ele-
ment 102 is very stable in aqueous solu-
tion. This behavior indicates that as the
end of the actinide series is approached
the (II) oxidation state is stabilized, just
as it is for the homologous lanthanide
element ytterbium (element 70) and as
predicted some 20 years ago. It should
be pointed out, however, that the ease
of reduction to the (II) state, the ob-
servation of the (II) oxidation in men-
delevium and recent indications that the
(II) state can be observed as early in the
actinide series as californium (element
98) all indicate a greater stability of the
(IT) state in the heavy actinide elements
than is the case with the lanthanide
elements.

The honor of naming a new element
usually goes to the discoverer, but after
the name “nobelium” (symbol No) had
been accepted for element 102 by the
International Union of Pure and Applied
Chemistry on the basis of a Swedish pro-
posal, the Swedish work was found to
be erroneous. In 1967, however, the
Berkeley group that had discovered ele-
ment 102 offered to relinquish its right
to name the element and proposed that
nobelium be accepted.

Following the discovery of lawrenci-
um, element 103, at Berkeley in 1961 in
the form of an eight-second radioactiv-
ity (*°"Lr, 258Lr or 2%Lr), the Dubna
workers found in 1965 a longer-lived
lawrencium isotope, 2%6Lr, with a half-
life of 35 seconds. In a series of dramatic
experiments at Berkeley last year Ghior-
so and his associates were able to use a
few atoms of this isotope (about five
atoms per experiment) to elucidate the
oxidation behavior of lawrencium. Their
technique was solvent extraction: work-
ing with extreme rapidity and dexterity,
they extracted lawrencium ions from a
buffered aqueous solution into an or-
ganic solvent, completing each extrac-
tion in about 30 seconds. They found
that lawrencium behaves differently
from dipositive nobelium and more like
the tripositive elements earlier in the ac-
tinide series, as shown by the fact that
tripositive ions extract into the organic
phase whereas dipositive ions do not.
This behavior had been predicted.

Attempts to produce and identify ele-
ments 104 and 105 have been made at
both Dubna and Berkeley. In 1964
Flerov and his co-workers published re-
sults obtained by bombarding plutoni-
um 242 with neon ions to cause a nu-
clear reaction that was postulated to
produce an isotope of element 104,
namely 260104. The half-life of the prod-

uct isotope was measured as being about
.3 second, with decay occurring only by
spontaneous fission, a nonspecific mech-
anism that does not characterize an iso-
tope with a precisely measurable and
therefore clearly identifying energy as in
alpha-particle decay. In 1966 Ivo Zvara
and his colleagues in the Russian group
reported experiments aimed at separat-
ing the .3-second isotope from the other
materials present by a technique based
on the premise that element 104 would
be the first transactinide element and
hence would have properties similar to
those of hafnium, below which it would
fall in the periodic table. The Russian
workers thought they had succeeded,
but the opportunities for ambiguity in
this work are so numerous that certainty
is not yet within reach. The Berkeley
investigators have been unable to con-
firm the Russian results. On the other
hand, they have recently obtained proof
that one of the activities formed in bom-
bardments of californium 249 with car-
bon ions is 257104, an alpha-particle
emitter with a half-life of about three
seconds, whose daughter was identified
as the previously known isotope nobe-
lium 253. Thus 257104 is the first isotope
of element 104 with definitely known
properties.

More ephemeral is the work done by
the Russian investigators on element
105. After bombarding americium 243
with ions of neon they found two alpha-
particle emitters with half-lives of less
than three seconds that they believed
could be attributed to 260105 and 261105.
Again, experiments by Ghiorso and his
group failed to confirm these results. A
measure of the difficulties encountered
in this kind of investigation is that the
rate of production in the Dubna cyclo-
tron is only one atom for each 20 hours
of bombardment.

Superheavy Elements

In order to set forth the considerations
giving rise to the possibility of identify-
ing elements far beyond the region of
atomic number 100 we must briefly re-
view the theories of nuclear structure
(as distinct from electronic structure)
that have led to the optimism about su-
perheavy elements. The story began
about 20 years ago, when Maria Goep-
pert Mayer at the University of Chicago
and O. P. L. Haxel, J. Hans D. Jensen
and Hans E. Suess of the University of
Heidelberg began to develop a “shell”
model of the nucleus that consisted of
particles moving in a field of nuclear
force. The collection of particles (neu-
trons and protons) was shown to be par-

© 1969 SCIENTIFIC AMERICAN, INC

ticularly stable when the nucleus con-
tained a “magic” number of neutrons or
protons. The stable structure could be
regarded as shells, or spherical orbits,
whose capacity for nuclear particles is
filled; it is analogous to the filled elec-
tron shells of the noble gases. Magic
numbers of neutrons (N) or protons (Z)
are generally recognized as being 2, 8,
20, 28, 50 and 82 in the elements below
uranium in the periodic table. The magic
number N = 126 is also significant in
this region, as can be seen in the special
stability of lead 208 (32§Pb, or Z =82
and N = 126), which has a doubly magic
nucleus. The shell theory has evolved
through many stages, to the point where
the potential of single nucleons (protons
or neutrons) in a deformed (nonspheri-
cal) nuclear field can be calculated by
using “Nilsson orbitals,” a method de-
veloped by the Swedish physicist Sven
Gosta Nilsson.

Further conceptual assistance has
come from the charged liquid-drop
model of the nucleus first put forward
by Niels Bohr and John A. Wheeler. This
model assumes for a stable nucleus a
spherical, or liquid-drop, form brought
about by a balance between the inward-
ly directed force of surface tension and
the outwardly directed force of repul-
sion among the positively charged pro-
tons. The model has been developed
further to help in predicting the stability
of heavy nuclei with respect to spon-
taneous fission and other modes of de-
cay. In the extension of the liquid-drop
model formulated by W. D. Myers and
W. ]J. Swiatecki of the Lawrence Radia-
tion Laboratory the potential energy
of the nucleus is a function of neutron
number, atomic number and nuclear
shape. The nuclei of most isotopes, in-
cluding those of the lanthanide and
actinide elements, have somewhat de-
formed shapes, for example ellipsoids,
but the nuclei of isotopes whose shells
are filled or nearly filled are spherical.
In the absence of filled shells all super-
heavy elements would decay instantane-
ously by spontaneous fission to isotopes
with medium atomic numbers located
near the middle of the periodic table.

Exciting calculations made recently
by Nilsson, Swiatecki, V. M. Strutinskii
and others working in several countries
(using the liquid-drop model, the Nilsson
orbitals and patterns known from the
lanthanide and actinide regions) estab-
lish the possibility of closed nuclear
shells in the region of superheavy ele-
ments. The resistance of such nuclei to
decay by spontaneous fission means that
their rate of decay by the emission of
alpha and beta particles becomes impor-
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tant. Estimates of stability with respect
to these modes of decay have been
made at Berkeley by Nilsson and his co-
worker Chin Fu Tsang.

Such theoretical calculations suggest
the existence of closed nucleon shells at
Z = 114 and N = 184 that exhibit great
resistance to decay by spontaneous fis-
sion. Fortunately the nucleus with 114
protons and 184 neutrons (*S114) is
situated near the bottom of the poten-
tial-energy valley of stability, that is, it
resists decay by beta-particle emission
and is doubly magic just as lead 208 is.
A less stable closed shell had been com-
puted to exist at Z = 126 (or Z = 124),
but there are recent indications that this
is not likely. More hopeful are the cal-
culations by Tsang pointing to a closed
shell at N = 196. Although Z = 164
may represent a hypothetical point of

stability, this possibility has not been
investigated in any detail.

Enhancing the prospects for the ac-
tual synthesis and identification of su-
perheavy nuclei is the fact that the
doubly magic nucleus 2?%114 is at the
center of a rather large island of stability
in a sea of spontaneous fission [see top
illustration on page 62]. Stability against
decay by spontaneous fission is highest
at the center, and instability increases as
the edges of the region are reached. The
trends predicted by Nilsson, Tsang,
Swiatecki and others for spontaneous-
fission, alpha-decay and beta-decay half-
lives in the region of interest are shown
in the accompanying illustrations [pages
60 and 61]. The numbers may be sub-
stantially in error, but even if the actual
values are lower than indicated by many
factors of 10, any nuclei that have the

appropriate atomic number and mass
number should still be observable. The
doubly magic nucleus 2*¥114, for exam-
ple, is predicted to have a spontaneous-
fission half-life of 106 years and an
alpha-decay half-life of 1,000 years and
to be stable against beta decay. Half-
lives as short as nanoseconds (billionths
of a second) are discernible with the in-
struments now used in the detection of
new elements, so that there is quite a
margin for error in employing the pre-
dictions to select a region for experi-
mental study.

It appears from the predictions that
maximum stability should be found at
110 protons and 184 neutrons (**1110),
an isotope that might have a half-life of
as long as 100 million years for decay
by both spontaneous fission and alpha-
particle emission, and that is possibly

NUCLEAR REACTOR at Oak Ridge National Laboratory pro-
duces heavy actinide elements up to and including fermium. The
reactor pressure vessel is in the pool of water at top. At bottom is
a storage pool in which cores that have been irradiated in the
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reactor are kept until they have cooled. The glow, which is also
seen on the cover of this issue, is produced by Cerenkov radiation
from the cores. At top right is a carrier vessel used to transfer
radioactive material. This facility is the high-flux isotope reactor.



stable agaimst decay by Dbeta-particle
emission. A half-life of a few times 100
million years is enough to allow an iso-
tope to survive and still be present on
the earth (as in the case of uranium 235,
which has a half-life of 700 million
years), provided that it was initially pres-
ent as a result of the cosmic nuclear re-
actions that led to the creation of the
solar system. Consultation of the peri-
odic table will show that element 110 is
a homologue of platinum and should
have chemical properties similar to those
of that precious metal. Therefore search-
es have been made for element 110 and
its neighboring elements in naturally oc-
curring platinum and other metals and
ores by workers in a number of labora-
tories.

Synthesizing Superheavy Elements

Indications are that the superheavy
elements can be created only by bom-
barding target nuclei with sufficiently
energetic projectiles consisting of heavy
ions. Many experimental difficulties will
have to be overcome. The yield of the
desired product nuclei is predicted to be
very small because the overwhelming
proportion of the nuclear reactions lead
to fission rather than to synthesis
through amalgamation of the projectile
and the target nucleus. The currently
available target nuclei and projectiles
lead to neutron-deficient nuclei that lie
outside the island of stability. Projectile
ions that will soon be available with the
required energy should lead to nuclei
that are just barely within the island
and therefore will have half-lives so
short as to make them difficult to detect.
To reach the center of the island may re-
quire the construction of new accelera-
tors or the modification of existing ones
in order to furnish the heavy and en-
ergetic ions needed.

A reaction that is relatively easy to
produce involves bombarding an iso-
tope of curium (248Cm) with argon ions
(29Ar) to produce 2%4114. (The mass
number of 284 is only illustrative, since
a range of mass numbers from 282 to
284 can be expected as the number of
neutrons emitted varies.) The curium
target and the argon projectile at the re-
quired intensity and energy are avail-
able. The desired atomic number of 114
is achieved, but the neutron number is
only 170 (284 — 114 = 170), apparently
placing the nucleus in the sea of spon-
taneous fission and making it unobserv-
able. This reaction has been attempted
at Berkeley, but no identifiable products
have been formed.

Thus a nucleus with additional neu-

CORE ASSEMBLY of the high-flux isotope reactor includes 31 “target bundles” (center)
that are loaded with material to be bombarded with neutrons. A standard loading is 300
grams of plutonium 242. The entire fuel assembly contains a total of 9.4 kilograms of
uranium 235. Outer element contains 369 curved plates and is 17% inches in diameter.

trons is required. Illustrative of the best
that might be done in the near future is
a reaction like that in which an isotope
of plutonium (*#*Pu) is bombarded with
ions of calcium (3#Ca) to yield 28114,
which is a nucleus with 174 neutrons
and so is at the edge of the predicted
island of stability. This reaction uses in-
gredients that are fairly rich in neutrons.
The isotope 2**Pu is a relatively rare ma-
terial, but it will soon be available in
sufficient quantity as the result of inten-
sive neutron irradiation of 239Pu. The
projectile isotope, *¥Ca, presents other
problems: it occurs in nature to the ex-
tent of less than .2 percent of the cal-
cium isotopes, so that enrichment pro-
cedures will be needed to raise it to a
much higher proportion. Moreover, it is
difficult to vaporize and ionize for accel-
eration. Other neutron-rich isotopes of
interest as projectiles include nickel 64
and titanium 50, but they present some
of the same problems as calcium 48.
Flerov has attempted to form element
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114 by bombarding uranium and plu-
tonium isotopes with *Ti but has not
met with success. All in all, it is appar-
ently not possible to get to the center or
close to the center of the island of sta-
bility by means of reactions that employ
a heavy-element target and moderately
heavy accelerated ions.

Perhaps the only way to provide the
required ratio of neutrons to protons will
be to use as ingredients target nuclei
such as the very neutron-rich uranium
238 (335U) and projectile ions of such
elements as uranium or xenon to yield
298114 and other products. The reason-
ing is that if an unstable, excited nu-
cleus could be produced by the interac-
tion or fusion of a uranium ion with
uranium (probably ‘the best reaction to
attempt) or a xenon ion with uranium,
it would promptly decay by fission to
relatively stable products. To accom-
plish the uranium-uranium reaction
would require uranium ions accelerated
to about 1.5 billion electron volts. Each
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ion must be multiply charged to a high
degree by the removal of orbital elec-
trons so that it can be accelerated in a
machine of reasonable size. No machines
are currently available in either the U.S.
or the U.S.S.R. that are capable of ac-
celerating such heavy ions to sufficiently
high energies, but suitable machines can
be built or existing ones modified, with
essentially no limit on the atomic num-
ber of the accelerated ions.

Chemical Properties

So far we have dwelt on the nuclear
constitution of the superheavy elements.
The chemical properties of an element,
however, depend almost entirely on the
arrangement of electrons outside the nu-
cleus. The transuranium elements known
or predicted until recently have elec-
trons arranged in seven shells, numbered
1,2,3,4,5, 6 and 7, reading from the
nucleus outward. The shells are further
subdivided into subshells designated s,

p, d and f. Entering the realm of super-
heavy elements introduces for the first
time a shell 8 and a subshell g [see illus-
tration at right on page 59].

Now that we have explained our op-
timism about the possibility of form-
ing superheavy elements we must give
some justification for assigning them to
places in the periodic table and hence
for predicting their chemical properties.
By way of background, one can observe
from the periodic table that the lantha-
nide series of elements, cerium through
lutecium, is a transition series formed
by the sequential filling of a 14-member
inner electron subshell, the 4f shell. This
is why the chemical properties of the
lanthanides are similar. In analogous
fashion the actinide series is formed by
the filling of the inner 5f subshell, with
each element being somewhat similar in
its properties to its lower lanthanide
homologue. The 14-member actinide
series is completed with element 103.

Although exceedingly complex and

CONTROL ROOM of the facility used for processing transuranium elements at Oak Ridge
includes a number of stations where machinery for handling highly radioactive elements
can be operated by remote control. A “cell” for such manipulations is behind the window.
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voluminous calculations are involved, it
is possible in principle to predict the
electronic structures of the actinide ele-
ments and of the undiscovered trans-
actinide elements. Computers now make
such calculations feasible, and they have
been carried out at the Los Alamos Sci-
entific Laboratory for elements with
atomic numbers as high as 132. The cal-
culations show that elements 104 to 112
are formed by the filling of the 6d sub-
shell, which makes them homologous in
chemical properties with the elements
hafnium through mercury. Elements 113
through 118 result from the filling of the
7p subshell and are thus similar to the
elements thallium through radon. It is
of much interest here that element 114,
which we have mentioned so often,
proves to be homologous with that very
stable element lead; it can therefore be
called “eka-lead,” using the terminology
of Dmitri Mendeleev, the originator of
the periodic table, to denote an undis-
covered element in a periodic column,
or family, that should have properties
similar to those of the preceding mem-
bers of the family. Element 119 should
be an alkali metal, element 120 an alkali
earth and element 121 similar in prop-
erties to actinium and lanthanum.

One of us (Seaborg), and also the Rus-
sian chemist Vitalii I. Goldanskii and
others, has speculated for some years
that another inner transition series of ele-
ments, somewhat like the lanthanide and
actinide series, should begin in the vi-
cinity of element 120. Quantum theory
indicated that this series would be
formed by the addition of 18 electrons
to an inner 5g subshell or 14 electrons to
a 6f subshell, but the order of filling these
shells could not be predicted until the
Los Alamos computer techniques be-
came available. The calculations now
suggest that after the addition of some
electrons to the 7d and 6f subshells the
filling of the 5g subshell takes place in
an orderly manner. It is reasonable to
expect that this would be followed by
the filling of the inner 6f subshell, lead-
ing to an inner transition series of 32 el-
ements, ending with element 153. The
lower members of the series, perhaps
through element 124, might be generally
homologous with the lower members of
the actinide series. Throughout the se-
ries, however, the correlation would be
indistinct, although the tripositive (III)
oxidation state might be the distinctive
one. Since the difference in energy levels
of successive electrons is very small, this
series of superactinide elements will ex-
hibit multiple, barely distinguishable ox-
idation states, leading to quite compli-
cated chemistry.



INSIDE A CELL at the transuranium facility a mechanical hand
puts into a welding chuck (left) a cylinder used for shipping
curium. After the curium, amounting normally to five grams per

After the completion of the superacti-
nide series the addition of electrons to
the remaining positions in the 7d sub-
shell would form elements 154 through
162 (eka-104 through eka-112). Filling
the 8p shell of six electrons would result
in elements 163 through 168. Note that
element 164, a possible point of high
nuclear stability, is an eka-114 or eka-
eka-lead. Thus the known or predicted
centers of nuclear stability at tin (ele-
ment 50), lead (element 82), element
114 and element 164 are members of the
same column or family of the periodic
table. This is a curious kinship, because
the principles that determine nuclear
stability are apparently not related to
those that determine electronic struc-
ture, which governs an element’s posi-
tion in the periodic table.

If the superheavy elements can be
produced and are as stable as predictions
indicate they will be, proof of their ex-
istence will require the use of chemical
techniques as well as methods of nu-
clear detection. The chemical separa-
tions must be designed on the basis of
some guidance as to the nature of the
element sought, and so predictions (such
as we have given here) of the chemistry

of the new elements may well become
imperative.

A Few Applications

Although the principal reason for the
efforts to produce known heavy elements
and to synthesize new ones is to increase
knowledge of fundamental natural laws,
the work has led to practical applications
of the heavy elements on an unantici-
pated scale. Apart from the well-known
function of plutonium as a source of en-
ergy in nuclear explosives and nuclear
reactors, other isotopes of the actinide
series are becoming useful. For exam-
ple, the isotope plutonium 238, which
emits alpha particles and is formed by
neutron irradiation of neptunium 237
(a by-product of power-reactor opera-
tion), is being produced in large quan-
tities in the U.S. for use as a heat source
in auxiliary electric power systems, pri-
marily for satellites and space probes.
Future uses of this isotope may lie in
providing power for cardiac pacemakers
and perhaps ultimately in implanted ar-
tificial hearts. Requirements for pluto-
nium 238 over the next two or three
decades may amount to tons of this iso-

© 1969 SCIENTIFIC AMERICAN, INC

shipment, has been put in the cylinder a cap is inserted in the top
of the cylinder (right). The cap is then welded on by the electrode
at right and the cylinder is packed in heavy shielding for shipment.

tope. The isotope curium 244 also may
find substantial uses in space missions.

One of the more esoteric applications
of the heavy elements was effected in
1967, when the spacecraft Surveyor V
landed on the moon and conducted a
chemical analysis of the lunar surface
by means of an alpha-scattering tech-
nique. The source of the alpha particles
was curium 242. Alpha particles of a
small amount of einsteinium 254 served
as energy standards for the detection
equipment.

The isotope americium 241, formed
by beta-particle decay of the plutonium
241 present in plutonium produced in
reactors, is available in kilogram quan-
tities and is used in a host of applica-
tions. They include fluid-density gauges,
aircraft fuel and oil gauges, thickness
gauges and distance-sensing devices—
all of which make use of the gamma ray
that is emitted as part of the isotope’s
decay process. The isotope californium
252, which constitutes the most intense
compact source of neutrons known, will
soon be available in gram quantities. It
will find use in such fields as radiothera-
py for cancer, neutron radiography and
neutron-activation analysis.
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Stone 1ools and Human behavior

Statistical analysis of the implements found at Paleolithic sites

can identify the groups of tools that were used for various kinds

of jobs. These groupings suggest how early man’s life was organized

by Sally R. Binford and Lewis R. Binford

I I Yhe main evidence for almost the
entire span of human prehistory
consists of stone tools. Over the

more than three million years of the
Pleistocene epoch hunting and gather-
ing peoples left behind them millions of
such tools, ranging from crudely frac-
tured pebbles to delicately flaked pieces
of flint. Modern students of these ob-
jects are attempting to understand their
various functions, and much of current
prehistoric research is concerned with
developing methods for achieving this
understanding.

For many years prehistorians devoted
almost all their efforts to establishing
cultural sequences in order to determine
what happened when. Chronologies have
been established for many parts of the
Old World, both on the basis of stratig-
raphy and with the aid of more modern
techniques such as radioisotope dating
and pollen analysis. Although many de-
tails of cultural sequences remain to be
worked out, the broad outlines are known
well enough for prehistoric archaeolo-
gists to address themselves to a different
range of questions, not so much what
happened when as what differences in
stone tools made at the same time mean.

Traditionally differences in assem-
blages of stone tools from the same gen-
eral period were thought to signify dif-
ferent cultures. Whereas the term “cul-
ture” was never very clearly defined, it
most often meant distinct groups of peo-
ple with characteristic ways of doing
things, and frequently it was also taken
to mean different ethnic affiliations for
the men responsible for the tools. Such
formulations cannot readily be tested
and so are scientifically unsatisfactory.
If we were to examine the debris left be-
hind by people living today, we would
find that differences in such material
could most often be explained by dif-
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ferences in human activities. For exam-
ple, the kinds of archaeological remains
that would be left by a modern kitchen
would differ markedly from those left by
miners. This variation in archaeological
remains is to be understood in terms
of function—what activities were carried
out at functionally different locations—
and not in terms of “kitchen cultures” or
“mining cultures.”

The example is extreme, but it serves
to illustrate a basic difference between
the assumptions underlying our research
and those on which the more traditional
prehistory is based. The obvious fact that
human beings can put different locations
to different uses leads us to the concept
of settlement type and settlement sys-
tem, the framework that seems most
appropriate for interpreting prehistoric
stone-tool assemblages. In what follows
we are restating, and in some respects
slightly modifying, some useful formula-
tions put forward by Philip L. Wagner
of Simon Fraser University in British
Columbia.

All known groups of hunter-gatherers
live in societies composed of local groups
that can be internally organized in vari-
ous ways; invariably the local group is
partitioned into subgroups that function
to carry out different tasks. Sex and age
are the characteristics that most fre-
quently apply in the formation of sub-
groups: the subgroups are generally com-
posed of individuals of the same age or
sex who cooperate in a work force. For
example, young male adults often co-
operate in hunting, and women work to-
gether in collecting plant material and
preparing food. At times a larger local
group breaks up along different lines to
form reproductive-residence units, and
these family subgroups tend to be more
permanent and self-sustaining than the
work groups.
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Although we have no idea how pre-
historic human groups were socially par-
titioned, it seems reasonable to assume
that these societies were organized flex-
ibly and included both family and work
groups. If the assumption is correct, we
would expect this organization to be re-
flected in differences both between
stone-tool assemblages at a given site
and between assemblages at different
sites.

Geographical variations would arise
because not all the activities of a given
society are conducted in one place. The
ways that game, useful plants, appropri-
ate living sites and the raw materials for
tool manufacture are distributed in the
environment will directly affect where
subgroups of a society perform different
activities. One site might be a favorable
place for young male hunters to kill and
partly butcher animals; another might be
a more appropriate place for women and
children to gather and process plants.
Both work locations might be some dis-
tance from the group’s main living site.
One would expect the composition of the
tool assemblages at various locations to
be determined by the kinds of tasks per-
formed and by the size and composition
of the group performing them.

Temporal variations can also be ex-
pected between assemblages of stone
tools, for several reasons. The availabili-
ty of plants and animals in the course of
the year is a primary factor; it varies as a
result of the reproductive cycles of the
plants and animals. The society itself
varies in an annual cycle; the ways the
members of a society are organized and
how they cooperate at different times of
the year change with their activities at
di‘fferellt seasons. Moreover, any society
must solve integrative problems as a re-
sult of the maturation of the young, the
death of some members, relations with
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modifications prompted by such consid-
erations will be reflected in the society’s
use of a territory.

In addition to these factors that can af-

fect the archaeological material left
behind by a society, there are other de-
terminants that profoundly modify site
utilization. It is the kinds of site used for
different activities and the way these
specialized locations are related that are
respectively termed settlement type and
settlement system.

In technologically simple societies we
can distinguish two broad classes of ac-
tivities: extraction and maintenance. Ex- TYPICAL BORER
traction involves the direct procurement
of foods, fuels and raw materials for
tools. Maintenance activities consist in
the preparation and distribution of foods
and fuels already on hand and in the
processing of raw materials into tools.
Since the distribution of resources in the
environment is not necessarily related to
the distribution of sites providing ade-
quate living space and safety, we would
not expect extraction and maintenance
activities to be conducted in the same
places.

Base camps are chosen primarily for
living space, protection from the ele-
ments and central location with respect
to resources. We would expect the ar-
chaeological assemblages of base camps
to reflect maintenance activities: the
preparation and consumption of food
and the manufacture of tools for use in
other less permanent sites.

Another settlement type would be a
work camp, a site occupied while smaller
social units were carrying out extractive
tasks. Archaeologically these would ap-
pear as kill sites, collecting stations and
quarries for extracting flint to be used in
toolmaking. The archaeological assem-
blages from these sites should be domi-
nated by the tools used in the specific
extractive tasks. If a work camp were oc-
cupied for a rather long period and by a
tairly large subgroup, we would antici-
pate that some maintenance activities
would also be reflected in the archaeo-
logical remains.

It is the way these two general classes
of camps are used by any society that
defines the settlement system. If a hunt-
ing-gathering society were relatively sed-
entary, we would expect the tools at the
base camp to exhibit little seasonal vari-
ation because the base camp would have ATYPICAL BURIN

been OCCUPIEd'f_Or most of the year. Un- FIVE CLASSES OF STONE TOOLS predominate in the largest of the five groups, or fac-
der some conditions, however, we would tors, revealed by the authors’ analyses. Of the 40 classes of tools subjected to multivariate
expect to find more than one kind of base analysis, 16 appear in this cluster, named Factor I. Few of the classes seem suited to hunting
camp for a society. If the organization of  or heavy work; they were probably base-camp items for making other tools of wood or bone.
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RELATIVE SIGNIFICANCE of the five factors identified in the
tool assemblages from three Mousterian sites is indicated by the
percentage of total variation attributable to each factor in each
sample analyzed. Every sample but one bears the name (key, bot-
tom left) by which the French archaeologist Francois Bordes char-
acterizes the entire assemblage. The homogeneity of the samples

from the Mugharet es-Shubbabiq cave site in Israel (center) is in
sharp contrast to the heterogeneity of the samples from the Jabrud
rock-shelter in Syria (top). The authors suggest that the cave was a
base camp but that the rock-shelter was only a work camp, occupied
at different times by work parties with different objectives. The
Houpeville assemblage (bottom) is not like either of the others.

the society changes during the year, per-
haps consisting of larger groups during
the summer months and dispersing into
smaller family units during the lean win-
ter months, there would be more than
one kind of base camp, and each would
have its distinct seasonal characteristics.

The work camps would display even
greater variation; each camp would be
occupied for a shorter time, and the ac-
tivities conducted there would be more
specifically related to the resources being
exploited. One must also consider how
easy or how difficult it was to transport
the exploited resource. If a party of hunt-
ers killed some big animals or a large
number of smaller animals, the entire
group might assemble at the kill site
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not only to eat but also to process the
large quantities of game for future con-
sumption. In such a work camp we
would expect to find many of the kinds
of tools used for food processing, even
though the tasks undertaken would be
less diverse than those at a base camp.
The extent to which maintenance tasks
are undertaken at work camps will also
be directly related to the distance be-
tween work camp and base camp. If the
two are close together, we would not find
much evidence of maintenance activi-
ties at the work camp. As the distance
between work camp and base camp in-
creases, however, the work-camp assem-
blage of tools would reflect an increase in
maintenance activities. This leads us to
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suggest a third type of settlement: the
transient camp. At such a location we
would find only the most minimal evi-
dence of maintenance activities, such
as might be undertaken by a traveling
group in the course of an overnight stay.

We have outlined here the settlement
system of technologically simple hunter-
gatherers. Although the system is not
taken directly from any one specific liv-
ing group, it does describe the gener-
alized kind of settlement system that
ethnographers have documented for
people at this level of sociocultural com-
plexity. In order to assess the relevance
of such a settlement system for hunter-
gatherers in the Paleolithic period it was
necessary first to relate stone tools to hu-
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vays to give the individual his own identity.

They’re the various types of Polaroid ID
cards. And in 2 minutes, any one of them gives
a person an identity that’s hard to imitate.

The Polaroid ID-2 Land Identification Sys-
tem puts his photograph (in color), signature,
and pertinent data (plus a verifying symbol or
signature) on a single piece of film. (Even the
picture backdrop can be used as an identifying
color code.) Then a protective plastic overlay is
bonded to it,so that tampering with the individ-
ual’s identity will destroy it.

The result is faster, more positive identifica-
tion. That’s why the range of applications is
growing so rapidly.

Polaroid ID cards are now used in plants and
post offices, banks and army bases, colleges and
country clubs, and in retail stores and research
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drivers’ licenses.

They save time and effort wherever security,
positive personal identification, or information-
recording are involved.
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easy information imprinting, like a credit card.

The latest is the Punch Coded Card (D),
which can be used as a highly secure photo card,
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patible with all major data-processing systems,
and features the new Dual-Bond laminating
process. Wherever you need information input
(for attendance, accounting, payroll or whatever)
you have a punched card to put it in with.

Naturally, we’re proud whenever we develop
something important like the Polaroid ID-2 Sys-
tem. And naturally, we want everyone to know
about it.

So if you’d like more information, or a
demonstration, write to: Polaroid Corporation,
Industrial Marketing, Dept. 155, Cambridge,
Mass. 02139. And we’ll be glad to send you a
brochure or a salesman.

You’ll see that the equipment for the Polaroid
ID-2 System fits on an ordinary desk or tabletop
(that’s the camera, below). And that it can be
operated by an office worker with only a few
minutes instruction.

You'll see that it turns out a full-color ID
card in 2 minutes or less. And with volume, will
produce up to 200 finished cards per hour.

And each card iden- == 8
tifies its owner faster
than a fingerprint.

WithPolaroid’sID-2
System, the individual
no longer has to struggle *
for recognition. He just
flashes a card.
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what is creativity?

Creativity, innovation, imagination . . .

whatever you call it . . . is the ability
to form new relationships between
previously unrelated things. Whether
you are composing a symphony,
baking a cake or synthesizing a new
chemical, the process is the same.
At Celanese we put a premium on

creativity. We endeavor to apply
imagination boldly to the vigorous
pursuit of ideas for new and improved
chemical products. Products that will
fill the needs of people everywhere.
The keyword is “‘needs.” For Celanese
is market oriented. We do not invent
cures for non-existent diseases.
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Our scientists and technologists

apply creative input to the rigorous
disciplines of polymer chemistry. This
we do in chemicals, fibers, plastics and
petroleum products in 100 plants
employing more than 50,000 people in
27 countries. We consider creativity

a marketable commodity.
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man acuaviaes and men to daetermine
how these tools were distributed at dif-
ferent types of site.

"The kind of analysis we carried out
+ might well have been impossible
without the basic work on the classifica-
tion of stone tools done by Francois
Bordes of the University of Bordeaux.
The archaeological taxonomy devised by
Bordes for the Middle Paleolithic has be-
come a widely accepted standard, so that
it is now possible for prehistorians work-
ing with Middle Paleolithic materials
trom difterent parts of the world to de-
scribe the stone tools they excavate in
identical and repeatable terms.

In addition to compiling a type list of
Mousterian, or Middle Paleolithic, tools,
Bordes has offered convincing arguments
against the “index fossil” approach to the
analysis of stone tools. This approach,
borrowed from paleontology, assigns a
high diagnostic value to the disappear-
ance of an old tool form or the appear-
ance of a new one; such changes are as-
sumed to indicate key cultural events.
Bordes has insisted on describing as-
semblages of tools in their entirety with-
out any a priori assumption that some
tools have greater cultural significance
than others. This radical departure in
classification, combined with highly re-
fined excavation techniques, provides a
sound scientific basis on which much
current prehistoric research rests.

According to what has become known
as la méthode Bordes, stone artifacts are
classified according to explicitly stated
attributes of morphology and technique
of manufacture. The population of stone
tools from a site (the assemblage) is then
described graphically, and the relative
frequencies of different kinds of stone
tools from various sites can be compared.
Such a statistical technique, which deals
with a single class of variables, is quite
appropriate for the description of assem-
blages of stone tools. The explanation
of multiple similarities and differences,
however, requires difterent statistical
techniques.

The factors determining the range and
form of activities conducted by any
group at any site may vary in terms of
many possible “causes” in various com-
binations. The more obvious among these
might be seasonally regulated phenom-
ena affecting the distribution of game,
environmental conditions, the ethnic
composition of the group, the size and
structure of the group regardless of eth-
nic affiliation and so on. Other determi-
nants of activities might be the particu-
lar situation of the group with respect to

NOTCHED PIECE SIDE SCRAPER WITH
ABRUPT RETOUCH

RACLETTE
DENTICULATE

UNIDENTIFIED TOOL KIT, with five predominant classes of artifacts, comprises Factor
IV. The tasks for which it was intended are not known. Bordes has suggested, however, that
denticulates (bottom left) may have been utilized for the processing of plant materials.
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availability of raw materials. In short,
the “causes” of assemblage variation are
separate activities, each of which is re-
lated to the physical and social environ-
ment and to the others.

Given this frame of reference, the
summary description of frequencies of
tool types in an assemblage, which is
the end product of Bordes’s method, rep-
resents a blending of activity units and
their determinants. We needed to parti-
tion assemblages into groups of tools that
reflect activities. To use a chemical anal-
ogy, the end product of Bordes’s method
of describing the entire assemblage is a
compound; we hoped to isolate smaller
units, analogous to the constituent ele-
ments of a compound, that would rep-
resent activities. In our view variation in
assemblage composition is directly relat-
ed to the form, nature and spatial ar-
rangement of the activities in which the
tools were used.

Since the settlement-system model we
had in mind is based on ethnographic
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archaeological materials we analyzed
were made by men whose psychological
capacities were not radically different
from our own. The Mousterian, a cul-
ture complex named after the site of Le
Moustier in the Dordogne, dates from
about 100,000 to 35,000 B.c. Mousterian
tools are known from western Europe,
the Near East, North Africa and even
central China. Where human remains
have been discovered in association with
Mousterian tools they are the remains of
Neanderthal man. Once considered to be
a species separate from ourselves, Ne-
anderthal man is generally accepted to-
day as a historical subspecies of fully
modern man. A great deal of archaeolog-
ical evidence collected in recent years
strongly suggests that the behavioral ca-
pacities of Neanderthal man were not
markedly different from our own.

[The Mousterian assemblages we chose
for our analysis came from two sites
in the Near East and one in northern

rrance. vne or us naa excavatea a cave
site in Israel (Mugharet es-Shubbabiq,
near Lake Tiberias) and had analyzed
the stone tools found there in Bordes’s
laboratory and under his supervision. We
also used assemblages that had been ex-
cavated in the 1930’s by Alfred Rust at
Jabrud, a rock-shelter near Damascus in
Syria; this material had been studied
and reclassified by Bordes. The French
material came from the open-air site of
Houpeville and had been excavated and
analyzed by Bordes. We chose these
samples because they represented three
kinds of site, but more important because
they had all been classified by Bordes.
This meant that extraneous variation due
to the vagaries of classification was elimi-
nated.

To describe the two Near Eastern sites
briefly, Shubbabiq is a large cave located
in a narrow, deep valley that is dry for
most of the year. The cave mouth faces
east and its floor covers nearly 350
square meters, with slightly less than 300
meters well exposed to natural light. Un-
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STONE TOOLS of the Mousterian tradition are found throughout
Europe and also in the Near East. They were made from 100,000 to
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35,000 years ago and are associated in many instances with the re-
mains of Neanderthal man (colored dots). The authors’ statistical




lortanatety tie viousterlan deposits 11
the main part of the cave had been de-
stroyed by more recent inhabitants. Five
of the samples from Shubbabiq used in
our study came from deposits in the rear
of the cave. The sixth, Unit 200-208,
was a small deposit outside the cave en-
trance. The Syrian site, Jabrud Shelter I,
is long and narrow. Like Shubbabiq, it
faces east, and because it is more open
it is much more exposed to the elements.
Located on the edge of the Anti-Lebanon
range, it looks down on the floor of a val-
ley. At the time of the occupations that
interested us the shelter had about 178
square meters of floor space. Rust ex-
cavated a trench some 23 meters long
and three meters wide along the shelter’s
back wall. The shelter yielded many
layers of Mousterian tools, but only the
upper nine strata contained assemblages
that could be compared with those from
Shubbabiq.

Our study sought to answer three
questions. First, does the composition of
the total assemblage from any occupa-

PERSIAN GULF

analyses utilized tools from two sites in the
Near East and two in Europe (open circles).

aon level corresponda to - ally  sigle -
man activity, or does information sum-
marized in a single class of variables
obscure the fact that each assemblage
represents an assortment of activities?
Second, is there any regularity in the
composition of assemblages at a single
location that can be interpreted in terms
of regular patterns of human behavior?
Third, is there some kind of directional
change over a period of time in assem-
blages from a single location that sug-
gests evolutionary changes in human be-
havior?

The statistical analysis of a single class
of variables is termed univariate analysis.
Multivariate statistical analysis allows
one to calculate the measure of depen-
dence among many classes of variables in
several ways. Because we needed to de-
termine the measure of dependence re-
lating every one of some 40 classes of
tools found in varying percentages in 17
different assemblages from three sites to
every one of the remaining 39 classes, we
faced a staggering burden of calcula-
tions. Such a job could not have been
undertaken before the advent of high-
speed computers. Factor analysis, which
has been applied in areas as unrelated as
geology and sociology, seemed the most
appropriate method. Our analysis was
run at the University of Chicago’s Insti-
tute for Computer Research, with the aid
of a modification of a University of Cali-
fornia program for factor analysis (Mesa
83) and an IBM 7090 computer.

The factor analysis showed that in our
samples the different classes of Mous-
terian artifacts formed five distinct clus-
ters. The most inclusive of the five—
Factor I—consists of 16 types of tools.
Within this grouping the tools showing
the highest measure of mutual depen-
dence are, to use Bordes’s taxonomic ter-
minology, the “typical borer,” the “typi-
cal end scraper,” the “bec” (a small,
beaked flake), the “atypical burin” (an
incising tool) and the “naturally backed
knife” [see illustration on page T71].
None of these tools is well suited to
hunting or to heavy-duty butchering,
but most are well designed for cutting
and incising wood or bone. (The end
scraper seems best adapted to working
hides.) On these grounds we interpret
Factor I as representing activities con-
ducted at a base camp.

The next grouping produced by the
factor analysis we interpret as a kit of
related tools for hunting and butchering,.
The tools in this group—Factor II—are of
12 types. Three varieties of spear point
are dominant; in Bordes’s terminology
they are the “plain Levallois point,” the
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“Mousterian point.” Side scrapers of four
classes are the other tools that show the
highest measure of mutual dependence:
the “simple straight,” the “simple con-
vex,” the “convergent” and the “double”
side scraper [see illustration on next
page].

In Factor III the main diagnostic tools
are cutting implements. They include the
“typical backed knife,” the “naturally
backed knife” (also found in Factor I),
“typical” and “atypical” Levallois flakes,
“unretouched blades” and “end-notched
pieces” [see illustration on page 81].
With the exception of the end-notched
pieces all these tools appear to be imple-
ments for fine cutting. Their stratigraph-
ic association with evidence of fire sug-
gests that Factor III is a tool kit for the
preparation of food.

Factor IV is distinctive. Its character-
istic tools are “denticulates” (flakes with
at least one toothed edge), “notched
pieces,” “side scrapers with abrupt re-
touch,” “raclettes” (small flakes with at
least one delicately retouched edge) and
“truncated flakes.” We find it difficult
even to guess at the function of this fac-
tor. Bordes has suggested that some of
these tools were employed in the proc-
essing of plant materials.

The tools with the highest measure
of mutual dependence in Factor V are
“elongated Mousterian points,” “disks,”
“scrapers made on the ventral surfaces
of flakes,” “typical burins” (as opposed to
the atypical burin in Factor I) and “un-
retouched blades” (which are also found
in Factor III). The fact that there is
only one kind of point and one kind of
scraper among the diagnostic imple-
ments suggests that Factor V is a hunting
and butchering tool kit that is more
specialized than the one represented by
Factor II.

alla  UIc

7/ hat answers does the existence of
five groups of statistically interde-
pendent artifacts among Mousterian as-
semblages give to the three questions we
raised? In response to the first question
we can show that neither at Shubbabiq
nor at Jabrud does the total assemblage
correspond to any single human activity.
The degree to which individual factors
account for the variation between as-
semblages can be expressed in percent-
ages [see illustration on page 72]. To
consider the Shubbabiq findings first, the
percentages make it plain that, with the
exception of a group of tools in Unit
200-208, the assemblages as a whole are
internally quite consistent. The major
part of the variation is accounted for by
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DOUBLE SIDE SCRAPER

LEVALLOIS POINT

MOUSTERIAN POINT

RETOUCHED LEVALLOIS POINT

CONVERGENT SIDE SCRAPER

STRAIGHT SIDE SCRAPER CONVEX SIDE SCRAPER
POINTS AND SCRAPERS outnumber other kinds of tools among evidently an assemblage suited to hunting and butchering animals.
the 12 classes comprising the second-largest factor. The seven pre- This illustration and the others of Mousterian tools are based on
dominant classes in the assemblage are illustrated. Factor II is original drawings by Pierre Laurent of the University of Bordeaux.
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remainder is shared between Factor II,
the all-purpose hunting and butchering
tool kit, and Factor III, the food-prep-
aration cluster. The distinctive denticu-
late factor—Factor IV—appears in only
two samples and represents less than 10
percent of the variability in each.

As we have mentioned, Unit 200-208
consists of tools from the deposit outside
the cave mouth. Three small accumula-
tions of ash—evidence of fires—were also
found in the deposits. It seems more than
coincidence that the tool grouping domi-
nating this unit is the one associated with
food preparation. In any event, the con-
sistent homogeneity of the other excava-
tion units at Shubbabiq suggests that the
cave served the same purpose through-
out its occupancy, a finding that also
answers our second question. Although
the occupation of the cave may have
spanned a considerable period of time,
the regularity of the factors suggests a
similar regularity in the behavior of the
occupants.

The percentages of variability ac-
counted for at the Jabrud rock-shelter
suggest in turn that Jabrud served re-
peatedly as a work camp where hunting
was the principal activity. Evidently the
valley the shelter overlooks was rich in
game. The animal bones collected during
the original excavation of the site have
been lost, but recent work at the same
site by Ralph S. Solecki of Columbia
University indicates that the valley once
abounded in horses—herd animals that
were frequently killed by Paleolithic
hunters.

The Jabrud findings also provide an
answer to our third question. The de-
creasing importance of Factor V—the
specialized hunting tool kit—and its re-
placement by the more generalized hunt-
ing equipment of Factor II suggests
directional changes in the behavior of
Jabrud’s inhabitants. The same is true of
the steady decline and eventual disap-
pearance of the base-camp maintenance
tools represented by Factor I.

Some of the data from Jabrud even
provide a hint of a division of labor by
sex in the Middle Paleolithic. The tools
characteristic of Factor IV are quite
consistently made of kinds of flint that
are available in the immediate vicinity
of the site, whereas the hunting tools
tend to be made of flint from sources
farther away. If, in accordance with
Bordes’s suggestion, the denticulates
were used primarily to process plant
materials, the expedient fashioning of
denticulates out of raw materials on the

spot coincides nicely with the fact that

\
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END-NOTCHED PIECE

TYPICAL LEVALLOIS FLAKE
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NATURALLY BACKED KNIFE
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UNRETOUCHED BLADE

TOOLS FOR FINE CUTTING are the predominant implements of Factor III. An excep-
tion (top middle) belongs to the class of end-notched pieces. Their association with hearths
suggests that the knives, blades and flakes of Factor III were used for food preparation.
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ELONGATED MOUSTERIAN POINT

TYPICAL BURIN

MORE HUNTING TOOLS are found in Factor V; the five predominant classes are illus-
trated. The presence of only one class of points and one of scrapers suggests, however, that
Factor V reflects specialized hunting rather than the general hunting implied by Factor II.
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among living hunter-gatherers women
are responsible for the collecting and
processing of plant materials.

Recent advances in understanding of
the minimum number of persons needed
to maintain a self-sustaining human so-
cial unit provides additional evidence in
favor of our view that Jabrud served as
a work camp and that Shubbabiq was
a base camp. William W. Howells of
Harvard University has suggested that
a self-sustaining group must number be-
tween 20 and 24 individuals. (He does
not imply that the group would neces-
sarily remain together during the entire
year.) Taking Howells’ estimate as a
starting point, we can propose that any
base camp where a group could live at
full strength must include enough space
for the daily activities of 20 to 24 people
over a period of several months. Raoul
Naroll of the State University of New
York at Buffalo suggests that the mini-
mum amount of sheltered space required
by an individual is some 10 square
meters. On this basis the 178 square
meters of floor space in the Jabrud
shelter conld not have accommodated
more than 18 individuals. Shubbabiq
cave has enough sheltered floor space
for 25 to 30 individuals. Taken together
with the differences in the composition
of the tool assemblages at the two sites,
this leads us to conclude that the sites
are basically different types of settle-
ment within a differentiated settlement
system.

rl’he tools from Houpeville, called the
Série Claire, has a totally different
geographical context. Since Houpeville
is an open-air site and the only one in the
study, we feel that an attempt to draw
conclusions about its function would be
almost meaningless. The Série Claire
sample nonetheless offers a further
demonstration of the power of multivari-
ate analysis. When calculated by uni-
variate statistics, the total configuration
of the Houpeville assemblage strongly
resembles that of Shubbabiq, that is, the
summarized statistics of frequencies of
tool types are very similar. When sub-
jected to factor analysis, however, the
assemblages from the two sites look quite
different. Factors I and V are missing
altogether at Houpeville; Factor III, the
cluster of food-preparation implements
that constitutes a minor percentage of
the variability at Shubbabiq, is the ma-
jor component of the Série Claire.
Although we found the results of this
factor analysis provocative, it was quite
clear that many of our specific interpre-
tations of the factors could not be tested
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on the basis of such limited data. Ve relt
it essential to add other classes of infor-
mation to the analysis: animal bones,
pollen counts (as checks on climatic
inferences) and the distribution of other
traces of man (such as hearths) within
each occupation level. Such data were
available from the site of Combe Grenal,
a deeply stratified rock-shelter in the
Dordogne region of France excavated by
Bordes. They are undoubtedly the finest
and most complete Mousterian data in
the world. Soil analysis has been done of
all the deposits; animal bones are well
preserved; pollen profiles have been
made for all the 55 Mousterian occupa-
tion levels. The sophisticated excavation
techniques used at Combe Grenal make
it possible to reconstruct the relation of
each tool at the site to other tools, to
hearths and to clusters of animal bones.
We were thus delighted when Bordes
graciously volunteered to allow us to an-

alyze his findings.

Our analysis of the Combe Grenal data
has occupied the past eight months.
(It has been made possible by a grant
from the National Science Foundation.)
While the work is far from complete, re-
sults of a preliminary factor analysis can
be summarized here. First, the larger
and more complete sample has shown a
far wider range of variability than the
smaller samples from the Near East
have. The tool assemblages in all the
Mousterian levels thus far analyzed—41
in number—consist of two or more fac-
tors. The factor analysis produced a total
of 14 distinct tool groupings, in contrast
to the five factors in the Near Eastern
sites. In comparing the Combe Grenal
analysis with that of the material from
the Near East we note some gratifying
consistencies. Such a replication of re-
sults with independent data from an-
other region suggests that we have
managed to isolate tool groupings that
have genuine behavioral significance.

In attempting to relate clusters of tool
types to environmental variables such as
climate (measured by pollen and sedi-
ment studies) and game (as shown by
animal bones) we have found no simple,
direct form of correlation. There is, how-
ever, a nonrandom distribution of the
frequency with which a given factor ap-
pears in levels that are representative of
different environments. It appears that
major shifts in climate, sufficient to cause
shifts in the distribution of plants and
animals, did precipitate a series of adap-
tive readjustments among the inhabi-
tants of Combe Grenal.

Our present work on thfe material from
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Combe Grenal has led us to propose a
series of refinements in interpretation. It
is clear, for example, that the portability
of game played a significant role in de-
termining whether an animal was butch-
ered where it was killed or after it was
carried back to the site. We are now re-
classifying the bones from that site by
categories based on size, as well as by
anatomical parts represented, and this
should provide information that is not
currently discernible. Whether an ani-
mal is an upland or a valley form and
whether it occurs as one of a herd or as
an individual is also evidently significant.
We suggest that the behavior of the ani-
mals hunted had a profound effect on
the degree of preparation for the hunt
and on the size and composition of the
hunting groups.

It should be stressed that the findings
presented here are our own and not
Bordes’s. As a matter of fact, discussions
of our interpretations with Bordes are
usually lively and sometimes heated, al-
though they are always useful. We all
agree that Combe Grenal contains so
much information in terms of so many
different and independent classes of data
that many kinds of hypothesis can be
tested. Indeed, a procedure that requires
the testing and retesting of every in-
terpretation against independent classes
of data could be the most significant out-
come of our work.

If one goal of prehistory is the accurate

description of past patterns of life,
certainly it is the job of the archaeologist
to explain the variability he observes.
Explanation, however, involves the for-
mulation and testing of hypotheses rather
than the mere assertion of the meaning of
differences and similarities. Many tradi-
tionalists speak of “reading the archae-
ological record,” asserting that facts
speak for themselves and expressing a
deep mistrust of theory. Facts never
speak for themselves, and archaeological
facts are no more articulate than those
of physics or chemistry. It is time for
prehistory to deal with the data accord-
ing to sound scientific procedure. Migra-
tions and invasions, man’s innate desire
to improve himself, the relation of leisure
time to fine arts and philosophy—these
and other unilluminating clichés con-
tinue to appear in the literature of pre-
history with appalling frequency. Pre-
history will surely prove a more fruitful
field of study when man is considered as
one component of an ecosystem—a cul-
ture-bearing component, to be sure,
but one whose behavior is rationally de-
termined.
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Propelling our man there tirst
is one challenge. Another
will be to make space
engines so efficient that
moon trips become
commonplace.
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The Moon:
getting there is
half the problem.

Repairs en route call for way-out

¥ kinds of welding machines.

And on-board power sources to run them.
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Soil Pollutants and Soil Animals

How is the ecological system of the small invertebrates

that live in the soil (and play such a key role in its

character) affected by the introduction of pesticides?

ew people are aware of the vast
Fnumbers of small invertebrate ani-

mals that live in the first few inches
below the surface of the soil. Yet the
soil’s structure, its fertility and even its
formation greatly depend on these inver-
tebrates. Into their shallow but ubiqui-
tous environment modern agriculture
now injects huge quantities of potent
new substances: chemical pesticides.
How do these substances and other pol-
lutants affect the complex, interrelated
world of the soil animals? This question
has been taken up by our research group
at the Rothamsted Experimental Station
in England.

Soil animals, which belong mainly to
three invertebrate phyla, vary greatly in
size and form. The largest of them, the
earthworm, is the best-known member
of the phylum Annelida. Some earth-
worms can grow to a length of six feet,
and the earthworm population in an acre
of average pasture in the Temperate
Zone may weigh 500 kilograms, or about
as much as a steer. At the other end of
the scale, the smallest soil animals are
the microscopic Protozoa. The rest of this
extensive fauna, which ranges through
the roundworms of the phylum Nema-
toda, the enchytraeid worms (another
group of annelids) and species represent-
ative of almost every class in the phylum
Arthropoda, are intermediate in size.
The soil under one square meter of
ground can contain as many as a million
arthropods, and these are greatly out-
numbered by the nematodes and the
protozoans. The biomass, or weight of
living matter, of all the soil animals (ex-
clusive of microorganisms) in such an
area can total as much as 500 grams, or
roughly a pound. The smallest and larg-
est organisms—the protozoans and the
large invertebrates such as earthworms
—contribute the most to this biomass.
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by Clive A. Edwards

Some soil animals spend much of their
lives at depths in the soil greater than 12
inches, but the majority are found with-
in the top three inches [see illustration
on page 90]. They are not distributed
uniformly throughout the soil but are
grouped in large or small aggregates; the
patterns of distribution vary from species
to species. The animals also migrate ver-
tically in response to seasonal changes
in the environment.

Many members of the soil-animal
community live by disintegrating and
digesting plant residues, breaking the
debris down into its organic and inor-
ganic constituents and working the end
products into the soil structure. The
most important of these soil-condition-
ing animals are the earthworms, their
relatives the enchytraeid worms and rep-
resentatives of several arthropod classes:
wood lice (crustaceans), millipedes (myr-
iapods), oribatid mites (arachnids) and
several insects, particularly springtails,
termites and the larvae of beetles and
flies. In places where only a few of
these animals are present the soil is
usually of poor structure and contains
distinct layers of undecomposed organic
matter near the surface [see illustration
on page 91]. Soil that contains few in-
vertebrate animals or none still produces
crops if it is well tilled and artificially
fertilized (although in fact the process
of cultivation tends to reduce the num-
ber of soil animals). If there were no in-
vertebrate populations in woodland soils,
however, the process of soil formation
would be very slow or would stop alto-
gether, with drastic ultimate effects on
the soil’s fertility.

Not all soil animals are beneficial.
Some beetle and fly larvae are serious
crop pests. Other arthropods (among
them millipedes, several mites and the
tiny, primitive, centipede-like symphy-
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lids) occasionally damage crops. Still oth-
ers (spiders, centipedes and parasitic
mites) prey on their fellow soil animals.
Because their prey includes both benefi-
cial species and pests, however, it is dif-
ficult to assess their net effect on soil
fertility.

he most important soil pollutants are

the large quantities of insecticides,
fumigants and herbicides that are used
on crops and timberlands. Some are ap-
plied directly to the ground, but even
when the chemicals are applied to foli-
age some residues eventually reach the
soil, either as direct runoff from the
leaves or when plant remains that con-
tain them fall to the ground and are
mixed with the soil. Because many pesti-
cides (particularly the chlorinated hy-
drocarbons such as DDT) have a high
degree of chemical stability, these chem-
icals and their residues remain in the
soil for a long time.

At Rothamsted during the past six
years my colleagues and I have investi-
gated the reactions of soil animals to
most of the insecticides that could be
expected eventually to reach the soil be-
cause of their mode of application. We
found the effects were least severe when
(for example as a result of aerial spray-
ing) the chemical reached the surface of
the soil but did not become mixed with
it through cultivation. Such surface resi-
dues are much less persistent than chem-
icals that have been incorporated into
the soil, and they kill only those soil ani-
mals that pass part of their lives on the
surface.

When the insecticide is mixed with
the soil by cultivation, it reaches many
more soil animals. Indeed, the more effi-
cient the cultivation and the better the
incorporation, the longer the chemical
will persist and the larger the number of



soil animals that will be killed. It is vir-
tually impossible, however, to mix the
discrete particles of insecticide evenly
through the soil. Therefore the smaller
the animal, the smaller the proportion of
its living space that will be contaminated
and the better its chance of survival.
Soil animals differ widely in their sus-
ceptibility to the many different kinds of
insecticide that reach the soil. One chem-
ical may completely eliminate a particu-
lar species whereas another leaves the
species unaffected. Moreover, many spe-
cies are either susceptible or resistant to
all of a wide range of insecticides that
differ considerably from one another in
chemical structure, activity and persist-
ence. We found, for example, that many
different insecticides are lethal to four

particularly susceptible groups of ani-
mals in the soil populations: predatory
mites, pauropods (another of the primi-
tive, centipede-like arthropods), spring-
tails of the isotomid family and the lar-
vae of flies. On the other hand, most of
the other families of springtails and all
svmphylids have considerable immunity
to many insecticides, and earthworms
and enchytraeid worms are also unaltect-
ed by most of these chemicals.

Insecticides persist in the soil from a

few days to many years. Whether the
chemical disappears slowly or quickly
from the soil, the soil-animal popula-
tions usually remain changed for many
months after the last residues have van-
ished. The duration of such an ecologi-

cal upset depends both on the persist-
ence of the chemical and on its absolute
toxicity. This was best illustrated when
we observed springtails recolonizing soil
areas that had been treated with pes-
ticides that differed in two character-
istics. Dichloropropane-dichloropropene
(D-D) was the least persistent chemical
applied, but it was also the most toxic.
It eliminated the springtail population
completely in the 30 days after treat-
ment, by which time the last trace of
D-D had dissipated. The first evidence
of springtail recolonization did not ap-
pear until 90 more days had passed, and
almost two years were required for the
springtail population to return to its
original size. In contrast, simazin (a her-
bicide), which is a far more persistent

NINE SOIL-DWELLING ANIMALS are the chief consumers of
plant debris and are primarily responsible for the fertility of the
soil. Seven of them belong to the phylum Arthropoda; they are the
wood louse, a crustacean (a); the oribatid mite, an arachnid (b);
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a termite (c), a springtail (d), a fly larva (e) and a beetle larva (f),
all insects, and a millipede, a myriapod (g). The other two are
worms of the phylum Annelida, an enchytraeid worm (h) and
the common earthworm (i), the largest animal in the community.

89



compound but is less toxic to soil ani-
mals, eliminated only 70 percent of the
springtail population in 30 days. Its last
residues did not disappear until five
months later, but by then the springtail
population had regained 90 percent of
its initial numbers [see top illustration
on page 92].

It is nevertheless the more persistent
insecticides rather than the more toxic
ones that have the most drastic influence
on the numbers of soil animals. This is
probably because most of these animals
encounter the chemicals as they move
around through cracks and crevices in
the soil; a transient insecticide will dis-
appear before many animals have accu-
mulated a lethal dose. Agriculturists cur-
rently favor insecticides that persist for
less than one growing season. It is sig-
nificant that these chemicals have not
been as successful as the more persistent
insecticides in controlling the soil pests
at which they are aimed nor have they
affected the soil-animal community as
drastically.

The relationship between the amount
of insecticide applied and the number of
soil animals killed is not directly propor-
tional but more nearly logarithmic: a
dose 10 times greater may kill only twice
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as manyanimals. Thus it is not surprising
that with a persistent insecticide repeat-
ed annual applications have little more
effect than a single dose. The soil com-
munity lives in a state of dynamic equi-
librium and shows marked seasonal
changes in numbers; the influence of a
persistent insecticide is therefore great-
est in the fall and the spring, when the
populations of soil animals are at their

peak.

Fumigants, as distinct from insecti-

cides, are injected directly into the
soil in the form of a gas, with the aim of
controlling harmful microorganisms and
other pests. At the same time they kill al-
most all the soil animals in the treated
area because the toxic gases can pene-
trate the smallest crevices in the soil and
are lethal to most organisms. Fumigants
are relatively transient, however: they
persist for a few weeks at most. They
also seldom penetrate the soil to a depth
of more than 12 inches. Arthropods such
as diplurans (a primitive wingless order
of insects) and symphylids spend much
of their time deeper in the subsoil; after
the last traces of a fumigant have van-
ished they may return and recolonize
the soil from below. Our experiments

80 ' 120 ' 160

AVERAGE NUMBER OF ANIMALS PER TWO-INCH CORE

VERTICAL DISTRIBUTION of soil animals in a pasture (black) and a tilled field (color)
was determined at Rothamsted Experimental Station in England by counting the numbers
of animals contained in cores of soil two inches in diameter and 12 inches long. Pasture
soil harbored the larger population, but in both areas most animals were near the surface.
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have shown that animals such as spring-
tails (which may be carried into the fu-
migated area by air currents) and fly
larvae (which may hatch from eggs al-
ready laid in the soil) can recolonize the
sterile area from above faster than others
can by migration from the subsoil. The
animals that first recolonize the soil mul-
tiply rapidly and soon become more nu-
merous than they would be in untreated
soil. This increase is temporary; the
numbers of these pioneers decrease as
other species gradually return. Never-
theless, the process is slow. Even after
two years there may still be fewer spe-
cies of animals in a fumigated soil than
in an unfumigated one.

Herbicides are a group of chemicals
that have only limited direct effects on
the soil community. Some herbicidal
compounds can kill soil animals on con-
tact, but more often their influence is
indirect. The weeds that herbicides de-
stroy are an important food source for
certain invertebrates; these soil animals
feed on the growing roots of the weeds
or digest their decaying remains. Once
the weeds are gone the populations of
soil animals dependent on them usually
decrease.

We tested many herbicides for their
direct effects on the number of soil ani-
mals. Only DNOC (4,6-dinitro-ortho-
cresol) and simazin (which is the more
toxic of the two) significantly reduced
the populations. Even with these herbi-
cides a decrease in numbers usually did
not persist beyond the time the chemi-
cals remained in the soil. Clearly herbi-
cides do not constitute a serious hazard
to the soil community.

Alother of our enterprises at Rotham-
sted has been a study of the effects
of ionizing radiation on soil animals.
Such studies in the past have been con-
centrated on a few orders of insects; the
usual objective has been to use gamma
rays or X rays to kill insect pests (notably
beetles) that feed on stored produce or
to sterilize certain insects before releas-
ing them to interfere with the species’
breeding cycle in the wild. The main ob-
jective of our work was to measure the
resistance of soil animals to radioactive
contamination such as might result from
tallout or from the improper disposal of
radioactive waste. A secondary aim was
to determine the amount of gamma radi-
ation needed to produce a soil free of
animals for experimental purposes.

We have now recorded the effects of
different doses of gamma radiation both
on individual soil animals and on popu-
lations in soil, including in our studies



GOOD AND POOR SOILS are seen in foot-deep profiles. The
good soil (left) is in an orchard with a large population of earth-
worms. The poor soil (right) is also in an orchard; the earthworms

most of the animals that are members of
the soil community. Although these ani-
mals varied greatly in their susceptibility
to radiation, mest could survive doses of
several thousand rads (a rad is a dose
amounting to 100 ergs per gram of the
recipient’s body weight). For humans
the median lethal dose—an exposure that
kills half of those who receive it—is only
400 rads. Soil animals, however, are
much more susceptible to gamma radia-
tion than are the soil microflora. Popula-
tions of fungi and bacteria recover in a
few weeks from doses in excess of 200,-
000 rads, whereas such exposures elimi-
nate some soil animals for months and
even years.

There appears to be little or no corre-
lation between the susceptibility of soil

animals to radiation and their taxonom-
ic position. Different species within a
given order or family often had a greater
range of sensitivities than did representa-
tives of different orders or classes. The
most striking correlation we found was
between an animal’s susceptibility and
its activity level: the greater its mobility,
the smaller the dose of radiation needed
to kill it. Very active animals—centi-
pedes, wood lice, symphylids, parasitic
mites and surface-living springtails—die
much sooner after being irradiated than
the more sluggish, deep-living spring-
tails and oribatid mites. After exposure
to a 200,000-rad dose the median lethal
time (the time by which half of the ex-
posed population is dead) ranges from
less than a day for wood lice to nearly a
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there, however, were killed by copper residues from spraying. In
the good soil undecomposed plant debris is largely confined to the
surface. In the poor soil it has collected in a thick black layer (top).

month for oribatid mites. When the dose
is reduced to 10,000 rads, the median
lethal time for wood lice rises to 11 days
and for oribatid mites to about 70 days.
When exposed to these doses of radia-
tion, animals that are moderately active,
such as earthworms, nematodes and the
larvae of flies and beetles, die after pe-
riods intermediate between those for
wood lice and oribatid mites.

Radiation kills soil animals much more
slowly than insecticides do. A proportion
of the animals exposed to a dose of radi-
ation above their minimum lethal dose
die in less than a week, but those that
escape this initial damage take much
longer to die. Some of the longer-lived
invertebrates survived for several months
before succumbing to the lower doses of
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NUMBERS IN UNTREATED SOIL (PERCENT)
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0 4 8 12 16 20 24
MONTHS AFTER TREATMENT

PERSISTENCE AND TOXICITY of a pesticide affect its performance. The springtail popu-
lation of one test plot (color) was reduced to zero in 30 days (a) by an application of D-D,
an insecticide of great toxicity but short persistence. By then the last residues of D-D had
disappeared (colored arrow). The plot remained free of springtails for 90 days more, and
the numbers of the recolonizers did not approach the pretreatment level for 21 months
more. Another plot was treated with simazin, a less toxic but more persistent chemical. Al-
though its residues persisted for six months (black arrow), the springtail population never
fell below 30 percent of its original level (b) and was back te normal within nine months.

225 e = oy -

200 /N : |

NUMBERS IN UNTREATED SOIL (PERCENT)

0 4 8 12 16
MONTHS AFTER TREATMENT

UPSET OF EQUILIBRIUM between the numbers of predators and prey occurs when ap-
plication of an insecticide kills many of the predatory mites in a test plot (broken line).
The springtail population, the mites’ prey (solid line), was scarcely affected. Soon after
the number of mites fell to a minimum four months later, the number of springtails began to
rise sharply. As the chemical continued to break down (colored line), the number of mites
gradually returned to normal. The springtails, however, took longer to return to normal.
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radiation tested in our experiments. This
makes it difficult to express the radiation
susceptibility of soil-animal populations,
as distinct from individuals, in terms of
median lethal doses (as is common with
insecticides). The total number of ani-
mals in the soil was greatly reduced even
by the lower doses of radiation we ad-
ministered; a 10,000-rad dose, for ex-
ample, killed a large percentage of the
animals in a soil. To kill all the animals
took a dose as large as 200,000 rads, and
even then a few animals survived for as
long as three months [see illustration on
page 97].

The most valuable of all the soil in-
vertebrates to man is probably the earth-
worm; these animals break down much
of the plant debris reaching the soil and
also turn over the soil and aerate it.
Accordingly pesticide residues in soils
that appreciably reduce the numbers of
earthworms are a particularly serious
matter. Fortunately earthworms are not
susceptible to many insecticides. Of
all the insecticides we have tested only
chlordane, heptachlor, phorate and car-
baryl seriously decreased populations
of earthworms. None of the chlorinated
hydrocarbons other than chlordane or
heptachlor affected them even when
large doses were applied. Although or-
ganophosphorus insecticides other than
phorate sometimes reduced earthworm
numbers slightly, the populations soon
recovered from these chemicals, which
were comparatively transient.

A more important aspect of soil pol-
lution with chlorinated hydrocarbons is
that earthworms can concentrate these
chemicals from the soil into their fatty
tissues. We have found aldrin and diel-
drin residues in the bodies of earth-
worms at a concentration as much as 10
times higher than in the surrounding
soil. Other workers have substantiated
these results and have shown similar
concentration into tissues of heptachlor,
heptachlorepoxide and DDT. Such up-
take of persistent insecticides has more
than academic interest; earthworms pro-
vide food for such animals as birds and
moles, which themselves can concentrate
these insecticides in their bodies. Hence
earthworms, as a lower link in a food
chain, may be an important source of
undesirable chemical residues in higher
animals. Fortunately we have found no
such concentration of the organophos-
phorus insecticides (which are replacing
chlorinated hydrocarbons for many agri-
cultural purposes) in earthworms.

The ecological implications of the ef-
fects of pollutants on populations of
soil invertebrates are significant. One of



W hat women

like about

the Rover 2000

‘We cannot say we designed the Rover
exclusively for ladies any more than we
designed it exclusively for gentlemen.
But the fact is ladies like it. Admittedly,
some of the things they see in the Rover
may seem trivial to menfolk, but to
ladies little things mean a lot.

Opening and closing.
Long fingernailed ladies need not worry
about breaking their nails when they
open the door—the push buttons on the
doors are twice as long as normal.

Stepping in and stepping out.

No big deal really. It’s just simpler be-
cause the floor is four inches below the
door sill and the doors open w-i-d-e.

Room—with a view.
Once seated, there is a great amount of
room for leggy legs. A lot of headroom,
too. The view from all windows is ex-
cellent and uninterrupted. A lady can
see exactly where the right fender is
going without having to guess.

Seating arrangements.
The two front bucket seats can be ad-
justed to the contours of any female
shape. They go forwards and back-
wards, adjust from English upright to
chaise longue. Although all four seats
tend to hug their occupants, we suspect
that ladies really love them because of
the smell and feel of English leather.

Big wheel.

The steering wheel is larger than is
usual, which makes it easy to turn and
ladies like that. It can be moved up or

Automatic

down. When the car is still, the steering
is a little stiff; just stiff enough to re-
mind the driver to look behind before
pulling into traffic.
Shifting and handling.

Some ladies don’t like shifting and with
the Rover automatic transmission, they
don’t have to. And, if they want to—
well then, it can be just as manual as
they please. The car handles effort-
lessly; holds the road like a leech. It’s a
snap to park—not just because it’s short-
er and narrower than Detroit’s finest but
also because it turns circles inside them
and most other cars. Yes, even a VW.

Bric a brac.
Two huge padded bins beneath the dash-
board can hold an arsenal of cosmetics
and packages. Even jumbo purses. Both
bins lock. Above them is a generous
shelf with a clingy rubber surface that
stops things like earrings and sunglasses
from sliding around.

Easy to read.
The speedometer is the ribbon type, un-
mistakably clear to read and placed so
as to reduce the difficulty of refocusing
when glancing from road to speedo and

back. The switches are clearly marked

and shaped so you can recognise them,
even by feel. No two next to each other
are shaped alike. A bold red brake light

on the dash tells a lady: (1) the hand-
brake is on or, (2) the level of the brak-
ing fluid is low. High beams can be
flashed, with headlights on or off, by
flicking a lever on the steering column.
The quiet type.

The Rover is quiet inside save for the
engine’s reassuring purr. Thick wall-to-
wall carpeting absorbs lots of noise.
There is, however, a loud built-in sound
which ladies with children appreciate—
the loud click behind the driver’s ear
when someone unlocks a rear door
from inside. The trunk is doubly car-
peted, and the spare wheel has a cover
to keep the luggage clean.

Out of gas?
Nothing to worry her pretty head. A
reserve fuel tank switch on the dash
gives her an extra thirty miles or so to
find a gas station.

About those dents.
Say someone biffs the Rover in a park-
ing lot, what then? It’s a relatively sim-
ple garage task to remove the dented
panel and replace it—Rover’s nineteen
body panels are simply bolted on. It’s
even possible, at some expense, to get
a spare set of panels in another color.

Know more.
If you want to know more about the
Rover 2000 Automatic ask your Rover
dealer or write: British Leyland Motors
Inc., Willow Tree Road, Leonia,
N. J. 07605. (We’ll even tell you
what men like about it.)

©ROVER

Heard about the Roverseas Delivery Plan? The same money it costs to buy a new Rover over here
may buy you a new Rover in England and cover your transatlantic air fare, too.
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» Multilayered ‘‘blanket’’ of ultra-thin sheets can T 5
insulate cryogenic propellants for long space trips. c lev1 ng
» Turbine fog is turned from nuisance to cooling

agent in new air-cycle system. * Solid cryogens in

tandem will work to refrigerate infrared detectors crl lca COO lng
over year-long space missions. « Wind tunnel and

computer help to solve unique high-heat problems

for USAF's Mach 3+ SR-71. ST R anyw ere

The interplay of heating and cooling vitally affects the oA i

performance—and the life—of materials, fuels, instru-
ments, and controls. Some of Lockheed's advanced ways
of beating the heat with insulation and cooling tech-
niques are briefly described here.

Thinning down a heat barrier. As space missions
grow longer in time, the effectiveness ol protective insu-
lation for liquid ery-
ogen propellants will
become ever more
crucial. Yet such
insulation systems,
while being highly

o : reliable, should be
‘Blanket' for insulating liquid cryogen ultra-thin and
propellants. ultra-light so
that they consume little of the spacecraft’s
precious allotments of volume and weight.

For exotic applications, therefore,
Lockheed has developed an exception-
ally thin, light, high-performance
laminated system in which a mul-
tiple number of 0.00015-in.-thick
aluminized plastic radiation
shields and 0.0006-in.-thick
fiber-glass paper separators are
sandwiched in layers.

The resulting multilayered
“blanket” has proved to be the h
most formidable heat barrier yet \
devised for shielding hypercold
propellants like liquid hydrogen,
oxygen and fluorine. And it prom-
ises to see many other space uses;
for example, keeping instruments,
optics, sensors, antennas and other
equipment at optimum temperatures.
Harnessing an unwelcome fog.
Present-day aircraft using air-cycle cooling
systems can be plagued by internal fog when
operating in humid climates. Dense amounts of vapor,
discharged from cooling turbines, create unfavorable
humidity for instruments and an actual clouding up of
cabins. Unfortunately, so-called fog separators often can-
not relieve the condition.

To beat this problem, Lockheed has put the trouble-
making fog to good use in a unique Indirect Air-Cycle
Cooling System. Instead of extracting the moisture and
draining it overboard as waste, the Lockheed system ' _
intercepts the fog and reevaporates it. This process acts : Re e e i
to reduce the temperature of an indirect coolant; the {3
coolant, in turn, is plumbed to other locations for local ’
cooling of occupied spaces or heat-generating equipment. . LOCKH EED

The Lockheed system thus performs three constructive A\ Locxne:o AIRCRAFT CORPORATION

\
N
\
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operations: It blocks visible fog from the cabin, utilizes the
vapor'’s inherent cooling capacity, and prevents subfreez-
ing fog from icing up
the elements down-
stream of the turbine.
Refrigerating the
refrigerants. Infra-
red detectors, critical
sensors for spectral
measurement and
scanning devices used
in space, show their
best sensitivity and |
response when Sysiem uses turbine-generated fog to
operated at help cool remote areas of aircraft,
temperatures below —279°F. This makes cry-
ogenic cooling a necessity. But devising a
suitable refrigeration system for long-time
flights means solving a many-sided
problem: The system must have low
weight, volume, and power con-
sumption...and the volatile, deli-
cate cryogens must last and work
reliably throughout the mission.
(Some present, typical applications for cooled
infrared detectors are on such major programs as
Apollo and meteorological satellites like Nimbus and
Tiros.)
Lockheed scientists, after extensive research on
liquid and solid cryogen characteristics, pion-
eered the use of cryogenic solids for refriger-
ating infrared detectors during long spans of
time in space. The reason is basic: In liquid
® form, a cryogen has a given latent heat of
vaporization—or phase transformation to
a gaseous state. The same cryogen in solid
form, however, has much higher density
and a higher latent heat of phase trans-
formation.
By applying solids in an advanced refrig-
eration concept, Lockheed has developed a
dual thermal-protection technique in which
a secondary solid cryogen guards the primary
detector-cooler.
Putting these principles to work, Lockheed
recently completed a solid-cryogen carbon dioxide
(—225°F) system which acts as thermal protector for
solid argon at a supercold temperature of —369°F. This
refrigerator efficiently cools an infrared detector, with
its heat load of 17 milliwatts, for a full year. And other
year-or-more systems under development include those
of comparatively light weight and low volume that use
a solid neon primary coolant at a near-absolute-zero
7 temperature of —432°F.
Controlling high-speed heats. The U.S. Air Force’s
special-purpose SR-71 endures harsh temperature cycles
—from below —60°F to above +630°F—and flies reli-

ably for long periods at searing Mach 3+ speeds. Every -

material and component in the aircraft must withstand
environments hotter by far than ever experienced before
in steady-state flight. And when Lockheed’s Skunk
Works started the SR-71 design, many of the complex

thermodynamic problems had no precedents.

All aspects of internal and external thermodynamics
were probed in the developmental studies—every tool
was used from the straight-forward experimental ap-
proach in the wind tunnel to the complex analytical
approach utilizing the maximum capability of the modern
computer.

Wind tunnel coefficients helped project the external
environment: High skin temperatures and stagnation
ram air above 630°F. Because temperatures would be
above aluminum alloy limits, titanium alloys were used
for all skins and structure. A special high-emissivity
black paint was applied to increase radiative heat loss
and to help reduce skin temperatures. And, since the
external skin is also the fuel tank skin, Lockheed created
a unique tank sealant that would tolerate both severe
flexing in flight and severe heat levels.

Accurate prediction of fuel temperature rise during
high-speed flight was a must. Not only would the hy-
draulic and constant-speed drive systems be cooled by
fuel but, for the first known time in an aircraft, fuel
would serve as a direct heat sink for environmental con-
trol. The cooling performance gained through this bold
approach provides a habitable cockpit atmosphere.

In the fuel tanks themselves, all equipment—pumps,
vents, valves, switches, and wires—had to survive high-
temperature operation as the tanks emptied. Further-
more, to prevent spontaneous ignition of vapor in the
tanks, Lockheed also developed a fail-safe nitrogen in-
erting and pressurization system.

The hottest spots are the engine, its inlet system, and
the nacelle. The engine inlet system is exposed entirely

[
“©wor
Temperature profile of the SR-71 at Mach 3+ speeds.
to stagnation air temperatures above 630°F. Within the
nacelle, the engine generates even higher temperatures.
In addition to using all external radiation available, the
engine is cooled sufficiently during prolonged missions
by passing the inlet cowl’s low-energy boundary layer
air between the engine exterior and the nacelle skin.
The varied SR-71 cooling techniques have proved
thoroughly effective. A typical example: Many high-
precision components—servo valves, actuators, electrical
connectors, and others—operate reliably in the engine
inlet and nacelle at temperatures that remain, during
long flights, far above normally destructive values.
The activities mentioned here are only a few of
Lockheed’s projects in environmental controls. If you
are an engineer or scientist interested in this field of work,
Lockheed invites your inquiry. Write; K. R, Kiddoo,
Lockheed Aircraft Corporation, Burbank, California
91503. An equal opportunity employer.

© 1969 SCIENTIFIC AMERICAN, INC



Sometimes circumstances can
change a man’s mood very fast. One
minute he can be driving along
enjoying things. In the next he can be
standing alongside a few thousand
dollars’ worth of scrap metal that used
to be his fine, new car.

To say the very least, it’s
frustrating.

And it can get more than
frustrating if he happens to be
driving out of state.He may find that
just trying to verify his insurance
claim by mail can take days. Or weeks.
Orlonger.

So working closely with Univac,
The Travelers of Hartford devised the

fastest, most advanced auto-claims
system in the insurance industry. The
Travelers system links 62 field offices

across the country with the home office.

Now all a claimant has to do is
call a nearby Travelers office. In 90
seconds —or less —his coverage can
be verified.

Through the UNIvAc® Real-Time
system, Travelers representatives now
have rapid access to the auto records.

And the records are constantly
being updated. So they always have the
highest degree of accuracy.

Now circumstances can still
change a man’s mood very fast.

But with a UNIvAC Real-Time

system in Hartford to rely on, it’s
possible to have his claim for damages
to the car approved on the spot.

So his mood can bechangedright
back again. In 90 seconds.

It’s hard to get faster than that.

Univac computer systems are at
work in many fields. In education,
science, government and industry.

You can’t get better coverage
than that.

UNIVAC

Univacissaving a lot of people a lot of time.

FSPERRY RAND

0 to $6400 1n 90 seconds.

——
s " . -
f ‘6

&

s -

|‘I
\‘ ‘

© 1969 SCIENTIFIC AMERICAN, INC




the most consistent effects was that some
species of mites and many species of
springtails multiplied to numbers far
greater than those in untreated soil
These increases were invariably accom-
panied by a considerable reduction in
the numbers of predatory mites (in par-
ticular certain rhodacarid and gamasid
mites). In one long-term experiment at
Rothamsted we observed the fluctuation
in numbers of predators and prey over
a five-year period following a single ap-
plication of DDT to the experimental
area. The populations of predatory mites
gradually fell during the course of the
experiment (in spite of seasonal recover-
ies) until after four years there were less
than 5 percent of the numbers found in
untreated soil. With each decline in
mites the population of springtails in-
creased sharply, and with each recovery
of mites the springtail population de-
creased. At one point, just before the
mite population fell to its lowest level,
the number of springtails had increased
to more than 400 percent of the popula-
tion in untreated soil.

Although such increases in the spring-
tail population usually did not occur
after the soil was treated with other
chlorinated hydrocarbons, they did so
consistently after applications of DDT
in many different experiments. Not only
our group but also J. G. Sheals of the
British Museum (Natural History) and
Christiaan van de Bund of the Nether-
lands Plant Protection Service have con-
firmed that the numbers of a particular
springtail species (Folsomia candida) in-
crease when the numbers of a species of
predatory mite (Rhodacarellus silesiacus)
are reduced by DDT applied to soil
Laboratory experiments show that this
mite readily preys on these springtails.

When the less persistent organophos-
phorus insecticides are applied to soil,
the numbers of both springtails and mites
commonly increase. In nine out of 12
randomly selected experiments testing
the effects of organophosphorus insec-
ticides on soil-animal populations, either
the population of springtails or the popu-
lation of oribatid or trombidiform mites
or populations of all three increased,
whereas populations of predatory mites
decreased. These consistent increases in
numbers are good evidence that the pop-
ulations of these mites and springtails
are usually limited more by predator
pressure than by a shortage of available
food; when their principal predators are
removed, they multiply rapidly.

Increased numbers of the smaller soil
animals after pesticide treatment may of-
ten compensate for the loss of larger in-
vertebrates that play a role in breaking

down decaying plant material or other
organic matter in soil. In an experiment
in which we buried leaves in nylon-mesh
bags that excluded earthworms we found
that after nine months 73 percent of the
leaf material had disappeared in un-
treated soil, 90 percent had broken down
in DDT-treated soil and only 43 percent
had done so in aldrin-treated soil. These
figures corresponded closely with the
numbers of springtails present.

In the same experiment we observed
the changes in soil-animal numbers
caused by a single dose of DDT and al-
drin in terms of functional animal groups
[see illustration on next page]. As one
might expect, both insecticides greatly
reduced the biomass of pests. Predators
were reduced to about half their normal
biomass, whereas the arthropods whose
main role is to break down decaying or-
ganic matter actually increased in bio-
mass after the DDT treatment (although
their total weight was considerably re-
duced by the aldrin). The increases in
numbers and in biomass of the smaller
soil animals that occur after treatment of
the soil with organophosphorus insecti-
cides can more than make up for the
death of other invertebrates that assist
soil formation.
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Ecologists who have studied interre-
lationships between predators and prey
have shown that changes in the numbers
of the predators usually lag behind those
of the prey both when the numbers are
increasing and when they are decreas-
ing. There was not much evidence of this
in our experiments with DDT, which
decreased the numbers of rhodacarid
mites and increased those of isotomid
springtails. This may be because our
samples were taken every two months
and thus were not adequate to show a
small difference in phase. Similar preda-
tor-v.-prey curves, plotted from data
obtained from our experiments testing
organophosphorus insecticides in soil,
clearly demonstrate such a time lag [see
bottom illustration on page 92]. The
numbers of predatory mites usually ap-
proached the numbers found in untreat-
ed soil at about the time that the last
traces of the insecticide (in this experi-
ment chlorfenvinphos) disappeared, but
the springtails did not begin to multiply
beyond the numbers found in untreated
soil until shortly before the mites had
reached minimum numbers. This seems
to be a consistent pattern, although
most organophosphorus insecticides are
less persistent than chlorfenvinphos.
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LETHAL EFFECTS of gamma radiation were studied by exposing soil-animal populations
to increasingly severe doses. The animals proved quite hardy, surviving doses 20 or more
times larger than 400 rads, the median lethal dose for humans. The largest doses killed
quickest but did not kill all animals. Four days after exposure (left) 18 percent of animals re-
ceiving a 100,000-rad dose were dead, compared with 88 percent of those receiving twice that
dose. After 76 days (right), however, the numbers were 95 and 99.9 percent respectively.
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A similar increase in the numbers of
springtails occurred in some of our ex-
periments that examined the effects of
gamma radiation on soil populations.
Predatory mites, which are very suscep-
tible to radiation, were greatly reduced
in numbers by small doses such as 5,000
rads, an exposure that does not kill the
more sluggish species of springtail in
deeper soil. A few weeks after it was ir-
radiated soil exposed to a dose of 5,000
rads contained fewer predatory mites
and many more springtails than untreat-
ed soil. This demonstrates the similarity
of the ecological effects of quite difter-
ent kinds of pollutants on soil-inverte-
brate populations. The reason certain
groups of animals are susceptible to cer-
tain pollutants is related to the pollu-
tants” mode of action. Predatory mites

are probably more vulnerable to pesti-
cides than other soil animals because
their greater mobility exposes them to a
larger dose of the chemical as they move
through the soil, whereas radiation is
probably lethal to these active mites be-
cause of interference with some meta-
bolic pathway.

Pollutants consistently decrease not
only the number of individuals within
the population of each species of soil ani-
mal but also the number of species of
animals present in the soil. In one of
our experiments aldrin was applied to a
plowed field and in another it was ap-
plied to a pasture. A census of control
areas in the two fields showed that even
before the pesticide was applied the
plowed field harbored only 66 species of

soil animals, or less than half the num-

ber in the unplowed pasture (which con-
tained 148 species). The application of
aldrin reduced the number of species in
the pasture considerably, but its effect
on the animals in the plowed field was
proportionately less, so that ultimately
the numbers in both fields after aldrin
treatment did not differ greatly. The pes-
ticide had certainly brought about a
great reduction in the number of species
in the pasture, but in the other field
plowing had by itself reduced them near-
ly as much. Therefore it is extremely
doubtful that the change produced by
the aldrin was significant in terms of
soil fertility, particularly because some
of the remaining species of soil animals
may have increased in numbers. In any
case, after the aldrin residues had disap-
peared many of the eliminated species
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EFFECT OF INSECTICIDES on various kinds of soil animals was
studied over a period of a year. Each set of columns shows the av-
erage weight of the animals listed in the key (bottom), expressed
as a percentage of the whole, in untreated soil (left column) and
in soils treated with standard doses of DDT (middle column) and
aldrin (right column). The first set of columns shows the effect of
each insecticide on all six animals. Aldrin has produced a 70 per-
cent overall kill and has completely eliminated centipedes. DDT,
lower in toxicity, appears even less toxic than it is because the
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weight of springtails in DDT-treated soil has doubled. The next set
of columns explains the springtail upsurge: although the overall
effects of DDT and aldrin on soil predators were almost identical,
DDT evidently killed more of the mites that prey on springtails,
reducing the pressure of predation. The third set of columns shows
the result: the total weight of beneficial arthropods in the DDT-
treated area is 15 percent above normal. The last set of columns
shows that, as pesticides, both chemicals were quite effective
against fly and beetle larvae but less so against symphylids.
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recolonized the treated areas, or spe-
cies new to these areas were introduced,
although it was sometimes several sea-
sons after the insecticide residues dis-
appeared before the diversity of spe-
cies was as great as it had been before
treatment.

Although we can speculate on the
long-term ecological effects of pollu-
tants, we cannot precisely determine the
ultimate consequence of much reduced
numbers of soil animals until we fill gaps
in our knowledge of the various roles
played by the different species of inver-
tebrates in the soil. Two things, how-
ever, are clear. First, even the most
drastic effects of pollution cannot persist
for more than a few years after the last
traces of the pollutant have disappeared.
Second, even the more persistent insecti-
cides are gradually degraded.

In tilled soils any contribution the
soil animals make to fertility can be re-
placed by mechanical cultivation and the
addition of fertilizers. There are indica-
tions that in the future crops may be
grown in soils without mechanical culti-
vation. This practice is now common in
Britain, and it is growing increasingly
so in the U.S. If such practice becomes
widespread, soil animals may become
more important in turning over and aer-
ating arable land. There is evidence from
workers such as Herbert T. Streu of Rut-
gers University that soil animals influ-
ence the quality of pasture, being detri-
mental to some species of grasses and
encouraging the growth of others, but
these are long-term effects and five to
10 years may pass before significant
changes in floral composition are estab-
lished. Current agricultural trends are
to put arable land into pasture for a few
years at most, so that in this situation
the soil-animal community is again prob-
ably not very important.

Only in forest and woodland soils is

it likely that pollutants are a poten-
tial hazard, in that they may slow down
the processes of soil formation and main-
tenance of soil fertility. The most impor-
tant pollutants in woodlands are pesti-
cides, and the largest quantity of such
pollutants comes from indiscriminate
aerial spraying to control forest pests
and diseases; it seems essential that such
practices should be limited or abolished.
Thus it appears that although pollutants
may cause extensive ecological changes
in the soil and hence should be elimi-
nated wherever possible, their effects are
currently much less serious than the
similar pollution of oceans, lakes and
streams that threatens a wide range of
aquatic organisms.

INCOMPARABLE...

e 69 silicon transistors, 43 diodes & 2 Integrated
Circuits (containing another 20 transistors &
14 diodes) e Crystal filters in IF amplifier give
ideal bandpass shape for 70 dB selectivity ...
eliminate adjacent interference & provide per-
fect alignment e Exclusive FET FM Tuner ...
world’s most sensitive ... brings in stations
others can’t e 150 watts dynamic music power
output ¢ Harmonic & IM distortion both less
than 0.5% at full output e Adjustable Stereo
Threshold Control e Adjustable Phase Control
for beststereo separation e Noise-operated FM
Squelch e Positive short circuit & overload pro-
tection e Front panel stereo headphone jacks e
Kit or factory assembled models

FREE 1969 |
CATALOG

Describes these and over
300 kits for stereo/hi-fi,
color TV, amateur radio,

ey
HLATHRIT YOG

World’s Most
Advanced
Stereo Receiver

These are some of the features that have made
the Heathkit AR-15 the world’s fastest selling,
most highly praised AM/FM/FM Stereco Re-
ceiver in the history of the industry. Every lead-
ing audio critic, every major electronics editor,
leading consumer testing labs and thousands of
owners all agree that the AR-15 represents the
ultimate available today in a solid-state receiver.
Send for your free copy of the 1969 Heathkit
catalog, and be convinced that the AR-15 is, in
a word, incomparable.

Kit AR-15, (less cabinet), 34 Ibs..... ..$339.95*
Assembled ARW- 15, (less cabinet),

AIDS. . o $525.00*
Assembled AE-16, optlonal walnut
cabinet, 10 Ibs.. . . .$24.95"

HEATH COMPANY, Dept. 36-4
Benton Harbor, Michigan 49022
l O Enclosed is $
Please send model (s)_____
| O Please send FREE Heathkit Catalog.

shortwave, test, CB, ma- | Name
rine, educational, home d
and hobby. Save up to 50% by doing the easy : :d ress =
assembly yourself. Mail coupon or write Heath it B »
Company, Benton Harbor, Michigan 43022. | &r:l:legrgesrppercllcfécsat;o%sBsu?;celcotr;o change without notice. HF-221-J

AMATEUR
TELESCOPE
MAKING

Edited by Albert G. Ingalls

Book One

497 pages, 300 illustrations
$5.00 postpaid. $5.35 foreign

Book Two

650 pages, 361 illustrations
$6.00 postpaid. $6.35 foreign

Book Thiree

644 pages, 320 illustrations
$7.00 postpaid. $7.35 foreign

Send postcard
for descriptive circular

SCIENTIFIC
AMERICAN

415 Madison Avenue, New York, N.Y. 10017
(Residents of New York City please add 5% sales tar)

(Other NYS restdents please add 2% state sales
tazx plus local tax)

© 1969 SCIENTIFIC AMERICAN, INC

The
nuclear
powered

aircraft
is
no

pipe
dream.

‘We're already building aircraft close to
the size that would make a nuclear power-
plant feasible. And, we're doing nuclear ap-
plications research. A practical nuclear pow-
ered aircraft? Not yet. But, it’s on the way.

On a day-to-day basis, we're making state-
of-the-art advances. in airlifters, cargo
planes, and V/STOL.

We're aggressive and forward-looking. We
have excellent people, but we need more.

Interested scientists and engineers should
write to Mr. U. D. McDonald, Employment
Manager, Dept. 6404, 2363 Kingston Court,
S.E., Marietta, Georgia 30060. An equal
opportunity employer,

| Airlift Center of the World|

LOCKHEED-GEORGIA |

A Division of Lockheed Arrcraft Corporauon |

99



- R
o,

—

ANATOMY OF A STEAM TURBINE is exposed in the shops of
Brown, Boveri & Company Limited near Zurich. When connected
to an electric generator, this turboset, as it is called, is capable of
producing 320 megawatts of electricity, equivalent to approximate-
ly 400,000 horsepower. It thus ranks among the larger sets built
with a single shaft. Steam enters the turboset at a pressure of
2,640 pounds per square inch and a temperature of 977 degrees
FFahrenheit. After passing through the high-pressure turbine, lo-
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cated at the extreme rear, the steam is reheated to 977 degrees and
then enters a double-flow intermediate-pressure turbine, located in
the housing next in line. The steam emerges from this unit divided
into two streams and passes, without further reheating, into two
double-flow low-pressure turbines, which are located in the large
boxlike housings in the foreground. This division of flow is needed
to accommodate the thousandfold expansion in volume that takes
place as the steam travels through the turbine from inlet to outlet.
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STEAM TURBINES

These eflicient machines are the principal means of Converting

the heat energy released ]‘)y fossil and nuclear fuels into the

kinetic energy needed to drive power generators and large sh]ps

he steam turbine ranks with the in-
I ternal-combustion engine as one
of the major achievements of me-
chanical engineering in the 19th cen-
tury. Steadily increased in size, reliabili-
ty and efficiency, steam turbines now
account for more than 75 percent of the
electric power generated in the world
(most of the rest is hydroelectric) and
propel most of the biggest and fastest
ships. Between 15 and 20 percent of the
fossil fuel consumed in the U.S. and
western Europe—and essentially all the
fuel now consumed in nuclear power
plants—has only one purpose: to evapo-
rate and superheat water that then pass-
es through a steam turbine. For all their
size and ubiquity steam turbines are
among the least understood products of
the mechanical age; they are seldom
located where they can be seen by the
public and the complexities of their de-
sign are familiar only to specialists. It
took the recent failure of the turbines in
the new Cunard liner Queen Elizabeth 2
to remind people not only that these
great machines exist but also that their
design and construction is an exercise in
high technology.

In principle a steam turbine is sim-
plicity itself. It is a pinwheel driven by
high-pressure steam rather than by air.
It basically consists of a rotor from
which project several rows of closely
spaced buckets, or blades. Between each
row of moving blades there is a row of
fixed blades that project inward from a
circumferential housing. The fixed blades
are carefully shaped to direct the flow of
steam against the moving blades at an
angle and a velocity that will maximize
the conversion of the steam’s heat energy
into the kinetic energy of rotary motion.
Because the steam’s temperature, pres-
sure and volume change continuously as
it progresses through the turbine, each
row of blades has a slightly different

by Walter Hossli

length, and in certain parts of the turbine
the twist of the blade is usually varied
along the length of the blade, from root
to tip. At the inlet of the turbine the
blades are stubby, with little or no twist;
at the outlet the blades are much longer
and the twist is pronounced.

In a typical modern power plant steam
leaves the boiler, after being super-
heated, at a pressure of 2,500 pounds
per square inch and a temperature of
1,000 degrees Fahrenheit [see illustra-
tion on page 103]. As it enters the high-
pressure turbine (the first unit in a cas-
cade of three or four, usually working
on a single shaft) a pound of steam oc-
cupies about .3 cubic foot. A short time
later, when it leaves the low-pressure
turbine (the last unit in the cascade), a
pound of steam occupies more than 300
cubic feet, a thousandfold expansion.

The steam enters the high-pressure
turbine at a velocity of about 150 feet
per second and is immediately accele-
rated by expansion in the first row of
fixed blades. In the low-pressure turbine,
steam velocity and blade velocities can
exceed 1.5 times the velocity of sound
under the existing steam conditions.
When the steam finally leaves the low-
pressure turbine, its velocity is about 600
to 1,000 feet per second. Thus the tur-
bine engineer must design “airfoils”
(more accurately blade profiles) able to
operate efficiently over a range of veloci-
ties roughly equivalent to the range
encountered by the designers of a su-
personic airplane.

]t is now 85 years since the British en-

gineer Charles A. Parsons conceived
the modem steam turbine and energeti-
cally began pushing its practical appli-
cation. In an age commonly regarded
as ultraconservative the steam turbine
was developed and put to large-scale
use with remarkable speed—a speed not
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equaled later by its descendant, the air-
craft gas turbine, in an age thought to
be much more receptive to innovation.
Parsons demonstrated his first steam tur-
bine in 1884. Seven years later he saw
the value of adding a condenser to ex-
ploit the turbine’s distinctive capacity
for utilizing the energy of low-pressure
steam down to a near-vacuum. That
same year, 1891, the first steam turbines
were harnessed to generate electricity.

In 1897 Parsons installed a 2,100-
horsepower turbine in the Turbinia, a
vessel of 44 tons, and astonished the
British Admiralty by driving it at 34
knots through a parade of warships in a
naval review at Spithead. The fastest
ship yet built, the Turbinia easily out-
raced the entire fleet, which was
equipped with conventional reciprocat-
ing steam engines. By 1904 the Ad-
miralty had installed one of Parsons’ tur-
bines in a cruiser, the Amethyst, and
a year later decided to abandon recipro-
cating engines and put Parsons turbines
of 23,000 horsepower in the new Dread-
nought class of battleships and turbines
of 41,000 horsepower in the 28-knot In-
vincible class of cruisers. In 1907 the
Cunard line launched the Lusitania and
the Mauretania, each equipped with
Parsons turbines developing 70,000
horsepower. Nearly twice as powerful as
the largest reciprocating engines ever
employed for ship propulsion, the tur-
bines drove the two Cunard liners at a
record speed of 25 knots. Only 16 years
had elapsed since Parsons had thought
to add a condenser to a turbine of a few
hundred horsepower.

His accomplishments made such an
impact on the British that they were re-
counted in much detail in the famous
11th edition of the Encyclopaedia Bri-
tannica, published in 1910-1911. (The
same edition does not mention Einstein’s
special theory of relativity, published in
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ELECTRIC
| GENERATOR

SIMPLE TURBOGENERATOR is used where power demand is light or fuel is cheap.

Steam passes through a single turbine. Steam pressure is limited to about

1,500 pounds per

square inch, output to 100 megawatts. Maximum thermal efficiency is around 37 percent.

HIGH-
PRESSURE 1§
TURBINE

REHEATER

&

INTERMEDIATE-
TURBINE
PRESSURE

LOW-PRESSURE
TURBINE

SINGLE-REHEAT TURBOSET is usually preferred when the demand for power exceeds
100 megawatts and fuel costs make a thermal efficiency above 40 percent desirable. After
steam leaves the high-pressure turbine it is reheated and returned to the double-flow inter-
mediate-pressure turbine. From there it passes to the double-flow low-pressure turbine.

VERY-HIGH-
PRESSURE ®
TURBINE

INTERMEDIATE
PRESSURE
TURBINE

LOW-PRESSURE
TURBINE

DOUBLE-REHEAT TURBOSET provides the highest power output and the highest ef-
ficiency, around 47 percent. In all three systems feedwater is heated by steam bled from the
turbines. Cooling water for the condensers often comes from a nearby river, lake or ocean.
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1905, or Planck’s concept of the quan-
tum of energy, published five years ear-
lier.) The author of the entry on steam
turbines has no hesitancy in describing
“the invention of the steam turbine [as]
the most important step in steam engi-
neering since the time of Watt.”

Steam turbines for ship propulsion
have not grown very much since the days
of the Lusitania. The turbines of the
Queen Elizabeth 2 are designed to pro-
duce 110,000 horsepower. Turbines of
only 40,000 horsepower enable the larg-
est tankers, vessels of more than 300,000
tons, to travel at 13 knots. The biggest
increase in turbine size has been in the
field of electric-power generation, and
the end of this evolutionary trend is not
in sight. In 1900 the first steam turbine
used for power generation in continental
Europe had a rating of 250 kilowatts; it
was built by Brown, Boveri & Company
Limited of Switzerland, the firm with
which I am affiliated. (For purposes of
comparing electric-power turbines and
marine turbines, one kilowatt is about
1.3 horsepower.) Brown, Boveri is now
building for the Tennessee Valley Au-
thority the world’s two largest steam tur-
bine sets; each will have an output of
1,300,000 kilowatts, or 1,300 megawatts
[see illustrations on page 107]. Our pro-
jections show that well before the end of
the century single units of 2,000 mega-
watts will be required for the most effi-
cient generation of power.

For propulsion of big ships and power
generation, where large unit output and
maximum efficiency are essential, the
steam turbine is unchallenged. Diesel
engines have a comparable efficiency but
the largest units so far built are limited
to about 30,000 kilowatts. Gas turbines
go up to 100,000 kilowatts, but their effi-
ciency is somewhat lower. At the other
end of the size range, steam is again be-
ing considered as a power medium for
automobiles; it remains to be seen, how-
ever, whether turbines or piston units
will be more successful. The incentive is
a reduection in air pollution. Nearly com-
plete combustion can be achieved when
fuel is used to fire a boiler instead of
being burned in the cylinder of an
engine.

Present-day applications of land-based
steam turbines are by no means limited
to electric-power production. In many
industrial plants, such as refineries, sugar
mills, paper mills and chemical plants,
low-pressure steam is needed in large
quantities for process purposes. Instead
of producing this steam directly in a low-
pressure boiler it is advantageous to in-
stall a high-pressure boiler at little extra
cost and to drop the steam to the desired



level by expanding it through a “back
pressure” turbine whose outlet pressure
corresponds to the pressure needed for
process steam. (If steam at two pressures
is desired, a second turbine can be in-
stalled ahead of the back-pressure tur-
bine so that steam can be withdrawn

between the two units as well as after the
second.) When this is done, electric pow-
er can be produced as a by-product at
almost no cost. In most cases, of course,
an external power supply is needed to
handle fluctuating electric loads. It is
also common in industry to use steam

turbines as a direct power source for
rotating machinery, such as compres-
sors, blowers and pumps. All told, the
worldwide demand for steam turbines
requires the production of units whose
annual combined output exceeds 50,000
megawatts, or 65 million horsepower.
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STEAM TEMPERATURE, PRESSURE AND VOLUME are the
critical factors in the design of a steam power plant. The curves
show how these three factors vary throughout a typical system.
Pressure is highest at the exit of the feedwater pump leading to
the boiler. At the entrance to the high-pressure turbine the pressure
has dropped somewhat to around 2,400 pounds per square inch.
Thereafter it falls rapidly as it passes through the turbine cascade.

The steam temperature is raised to 1,000 degrees F. in the super-
heater and again in the reheater, finally plunging to about 80 de-
grees F. as it leaves the low-pressure turbine. The specific volume
of the steam (color) varies over the greatest range and is therefore
plotted on a logarithmic scale. At the inlet to the high-pressure tur-
bine one pound of steam occupies about .3 cubic foot. When the
steam leaves the turbine cascade, it occupies about 300 cubic feet.
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The development of practical steam
engines occupied many minds in the
18th and 19th centuries. The first suc-
cessful steam engine had been intro-
duced in 1698 by Thomas Savery. It
was a crude affair in which steam was
condensed alternately in two chambers,
creating a vacuum that could be used to
draw water from mines. In 1705 Thomas
Newcomen built the first practical steam
engine with a piston. In 1763 James
Watt began making his contributions,

and in 1781 he was the first to patent
methods for converting the reciprocating
motion of a piston steam engine to ro-
tary motion. With this advance the steam
engine finally became a versatile prime
mover. By 1804 Richard Trevithick had
built the first steam-driven locomotive.
During the remainder of the 19th cen-
tury piston steam engines were steadily
improved. Many inventors, however,
saw the advantages that would result if
steam could be used directly to produce

rotary motion by means of some kind of
turbine. Many devices were built in
crude imitation of waterwheels. It re-
mained for Parsons to recognize that
what was needed was a device with
many rows of buckets in which a small
amount of the steam’s kinetic energy
would be extracted with high efficien-
cy at each of many successive stages.
Whereas the piston steam engine ex-
ploited only the pressure and tempera-
ture of steam as it came from a boiler,
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IMPULSE BLADING is one of two general methods for extracting
kinetic energy from steam in a turbine. In the stationary blades
steam is accelerated to a velocity (C;) about twice that of the
moving blades (U). Velocity is obtained at the expense of pres-
sure (curves at right). The moving blades extract kinetic energy
from the fast-moving steam, so that it leaves with essentially no
tangential component of velocity (C,). In passing through one row
of fixed blades and one row of moving blades, called a stage,
the amount of energy transferred to the rotor is proportional to
the change in absolute steam velocity, AC, (diagram at left).
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REACTION BLADING is the other concept used in steam turbine
design. Here the pressure drop per stage is equally divided between
fixed and moving blades (curves at right). In the fixed blades steam
is accelerated to a velocity (C;) only slightly greater than that
of the moving blades (U). Continued expansion of the steam in
A8 the moving blades provides thrust and gives the steam a relative
velocity (W) equal and opposite to its former absolute velocity
(Cy). In reaction blading the energy, AC,, transferred to the rotor
in a single stage (diagram at left) is only about half that trans-
ferred by impulse blading. Efficiencies, however, are comparable.
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the steam turbine used some of the pres-
sure to create high-velocity jets, whose
energy was then absorbed by the rotat-
ing blades.

Early in the turbine’s history two con-
cepts of blade arrangement were devel-
oped, each with its champions. Parsons
favored what became known as reac-
tion blading. Some of his competitors
adopted impulse blading [see illustra-
tions on opposite page]. In the reaction
turbine the fixed blades and the moving
blades that constitute one stage are prac-
tically identical in design and function;
each accounts for about half of the pres-
sure drop that is converted to kinetic
energy in the entire stage. In the fixed
blades the pressure is harnessed to in-
crease the velocity of the steam so that
it slightly exceeds the velocity of the
moving blades in the direction of rota-
tion. In the moving blades the pressure
drop is again used to accelerate the
steam but at the same time to turn it
around (with respect to the blades), so
that its absolute tangential velocity is al-
most zero as it enters the next bank of
stationary blades. Thus thrust is impart-
ed to the moving blades as the steam’s
absolute tangential velocity is reduced
from slightly above blade speed to ap-
proximately zero. An imaginary observer
moving with the steam could not tell
whether he was passing through the
fixed blades or the moving ones. As he
approached either type of blade it would
appear to be nearly motionless, but as he
traveled in the channel between blades
his velocity would increase steadily until
he reached their trailing edges, which
would then seem to be receding rapidly.

]n the impulse turbine the fixed blades
- are quite different in shape from the
moving ones because their job is to ac-
celerate the steam until its velocity in
the direction of rotation is about twice
that of the moving blades. The moving
blades are designed to absorb this im-
pulse and to transfer it to the rotor in the
form of kinetic energy. In this arrange-
ment most of the pressure drop in each
complete stage takes place in the fixed
blades; the pressure drop through the
moving blades is only sufficient to main-
tain the forward flow of steam. The
amount of energy transferred to the rotor
in each stage is proportional to the
change in absolute steam velocity in
the direction of rotation. This is the val-
ue labeled AC,, in the illustrations on the
opposite page. It turns out that the val-
ue is about twice as high for impulse
blading as it is for reaction blading. This
means, in turn, that an impulse turbine
will need fewer stages for the same pow-
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SEALS

DIAPHRAGM TURBINE provides effective seals (black) in turbines with impulse blading,
where the complete expansion of steam per stage occurs in the stator, or fixed, blades. This
design allows seals to be placed on as small a diameter as possible. The moving blades are
usually covered by a circumferential shroud, which may also carry seals (not shown).
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DRUM TURBINE offers the simplest arrangement of seals (black) when reaction blading
is used. Seals on rotor and stator blades can be identical because the pressure drop across
them is equal. Also the seals can be simpler than those needed for impulse blading.
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er output than a reaction turbine; the
efficiency, however, will be about the
same for both types.

This being the case, one would expect
impulse blading to have carried the day.
Not so. As often happens in engineering,
a design that seems clearly superior can
present secondary problems of such mag-
nitude that the choice between the alter-
natives becomes very nearly equal. In
turbine design one of the major second-
ary problems is providing seals to keep
the steam from leaking through the nar-
row spaces between the rotor and the
stator. In impulse blading the complete
expansion in each stage takes place in
the fixed blades. It is thus desirable to
place the seals on as small a diameter as
possible. This has led to a turbine design
known as the diaphragm type [see top
illustration on preceding page]. Because
the pressure differential is large the dia-
phragm needs considerable space in the
axial direction. Therefore the width of
the fixed blade must be made larger than
it would otherwise have to be. A circum-
ferential shroud is often placed around
each ring of moving blades.

In reaction blading the pressure drop
per stage is less than it is in impulse blad-
ing; moreover, it is divided equally be-
tween fixed and moving blades. Thus
both blades can be fitted with similar
seals, and the seals need not be as effec-
tive as those needed on the fixed blades
in impulse blading. The result is a drum
turbine [see bottom illustration on pre-
ceding page]. Another advantage of the
reaction turbine is that the stationary
and moving blades in each stage can have
the same shape, which simplifies design
and yields manufacturing economies.

For more than 50 years these two
kinds of turbine, the diaphragm turbine
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and the drum turbine, have been in com-
petition without either type’s demon-
strating a distinctive advantage. Along
the way the advocates of the two designs
have moved somewhat away from pure
reaction or pure impulse blading to
adopt various compromise arrangements.

The efficiency that can be attained at
each stage in a large modern turbine is
quite remarkable: more than 90 percent.
For large units with reheat systems an
overall turbine efficiency of about 88 per-
cent can be achieved. This is not the net
thermal efficiency of the steam turbine
as a heat engine, however. For this cal-
culation one must introduce the limita-
tions on the theoretical efficiency of heat
engines first described in 1824 by Nico-
las Léonard Sadi Carnot, who recog-
nized that heat does work only as it pass-
es from a higher temperature to a lower
one. Specifically the efficiency is 1 minus
the fraction “final temperature”/“initial
temperature,” both values being ex-
pressed on the Kelvin, or absolute, scale.
If the working fluid is initially at 1,000
degrees F. (811 degrees K.) and is finally
at 100 degrees F. (311 degrees K.), the
maximum theoretical efficiency is about
60 per cent [(1 — 311/811) x 100]. Be-
cause the inherent properties of a steam
cycle do not allow the heat input to take
pluce at a constant upper temperature,
the theoretical maximum efficiency is not
60 percent but closer to 53 percent. Thus
the actual thermal efficiencies achieved
with large reheat-steam turbines is .88
(the turbine efficiency) times 53, or some-
what better than 46 percent.

Today the chief point of competition
among rival turbine manufacturers is not
efficiency, since all guarantee compara-
ble performance, but the capital cost of
the unit. As units have become steadily

198¢ 1990

PROJECTION OF TURBINE SIZES, made by Brown, Boveri, reflects the fact that U.S.
nuclear power plants (top curve) run larger than U.S. fossil-fuel plants (middle curve)
and that both are larger than fossil-fuel plants contemplated in Britain (bottom curve).
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larger the cost per megawatt of capacity
has dropped substantially because of
economies inherent in size. For example,
a turbine of 125 megawatts, which was
considered large 15 years ago, weighed
about 2.64 tons per megawatt. The
1,300-megawatt turbine Brown, Boveri
is building for the TVA will weigh less
than half that amount per megawatt.
The cost per megawatt is roughly pro-
portional to weight.

]n the first 50 years of the steam tur-

bine’s history (roughly 1890 to 1940)
turbine design was guided mainly by the
intuition and ingenuity of engineers who
were never far from the shop floor. To-
day, with the sharp increase in power
density and the use of steam at high-
er pressures and temperatures, turbine
progress depends increasingly on scien-
tific understanding and the skillful appli-
cation of new problem-solving tools such
as the electronic computer. The design
of a modern turbine requires the solution
of difficult problems in aerodynamics,
applied mathematics, metallurgy, stress,
vibration and the physical behavior of
steam, together with attention to many
manufacturing problems (such as the
production of complex blade contours at
reasonable cost, the setting of permis-
sible tolerances and size limitations im-
posed by transportation).

Rather than discuss such problems as
they apply to the turbine as a whole I
shall speak only of the design of the
moving blades used in the last stage
at the low-pressure end of the turbine.
These are the longest blades in the tur-
bine, hence the blades with the highest
tip speed and the most acute vibrational
problems. They are also the blades most
subject to erosion from water droplets,
which tend to appear as the steam ap-
proaches the turbine exit just before en-
tering the condenser.

In designing such blades aerodynamic
calculations reach a complexity exceed-
ing that met in other sections of the tur-
bine, where pressures are higher and
flow patterns somewhat simpler. In pass-
ing through the low-pressure turbine the
volume of steam expands about 100
times, with the result that the path of the
steam has a strong radial component in
addition to its forward component. The
calculations must therefore deal with
steam flow in three dimensions. An equi-
librium condition must be maintained
between the centrifugal forces that
throw the steam outward and the dis-
tribution of radial pressure. In a very
poor design the moving blades will tend
to act as a compressor. The solution to
this complicated flow problem involves



A 1,300-MEGAWATT TURBOSET, now being built by Brown, dicating that the steam travels sequentially through turbines of dif-
Boveri, will be the largest unit in operation when it is delivered to ferent sizes located on two different shafts (see flow scheme below).
the TVA in 1971. It is described as a cross-compound unit, in- The turboset will run on steam produced by burning of fossil fuel.

TO CONDENSERS
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INTERMEDIATE-

LOW-PRESSURE
SECTIONS

PRESSURE SECTION
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% REHEATER
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~TO CONDENSERS

STEAM FROM BOILER

FLOW PLAN OF TVA TURBOSET shows how the steam is con- lutions per minute. Steam enters the turboset at 3,500 pounds per

ducted through a double-flow high-pressure turbine, a double-flow square inch and 1,000 degrees F. Before passing to the intermediate-
intermediate-pressure turbine and finally four double-flow low- pressure turbines the steam is reheated to the same temperature.
pressure turbines, all mounted on two shafts turning at 3,600 revo- The flow of steam is 4,000 tons per hour, or 1.1 tons per second.
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| differential equations that can be solved

only with a large-capacity computer.
The results of these initial calculations
provide the designer with a preliminary
concept of the blade cascade, indicating
the number of stages and the inlet and
outlet angles of the blades in each stage.
The next step is to design blades with
high efficiency from root to tip. Toward
this end the designer chooses profiles
whose characteristics are known either
from calculation or actual measurement.
Even near the root, where the steam flow
is subsonic, existing blade profiles may
be unsatisfactory; new profiles must then
be developed and evaluated. In the out-
er third of the blade, where the flow
passes from subsonic to supersonic,
things become more difficult. In calcu-
lating the line where sonic velocity is
reached, mathematical equations tend to
become unstable, meaning that they fail
to provide a reasonable result. One must
then use a combination of empirical and
analytical methods. The critical passage
from subsonic to supersonic velocity,
known as the sonic line, must be verified
by experiments in a water tank or in a
rotating cascade in which the fluid is air.
In the supersonic region calculation
becomes simpler again. Good methods
exist for predicting the location of re-
gions, called Mach lines, where minor
disturbances will cause sudden but small

| changes in steam velocity and pres-
| sure. One can also compute shock lines:

the lines along which high-compression
waves will develop. Water-tank meth-
ods, in which water passes swiftly be-
tween model blades, provide an excellent
visual representation of flow patterns and

| . .
shock waves [see top illustration on op-

posite page]. Under suitable conditions
flowing water behaves like a supersonic
flow of air or steam. From such studies,
with the help of scaling laws, one can
readily determine the supersonic flow
pattern as well as the sonic line. The re-
sults can be checked by passing air
through a rotating cascade of blades and
using optical methods to disclose the
flow patterns. A critical comparison of
the three methods—mathematical anal-
ysis, water-tank flow and airflow in a
cascade—enables the designer to make
a sound prediction of actual steam-flow
conditions. In this way the aerodynamic
side of the problem can be solved.

The designer is now ready to sketch

a preliminary configuration for the
blades in the last stage of the low-pres-
sure turbine. Because they are highly
twisted these blades are subject to un-
usual stresses. Under centrifugal force a
last-stage blade may untwist more than



seven angular degrees. To keep material
stresses under control the positioning of
the centers of gravity in various sections
of the blade and also of the centers of
inertia is very important.

Not the least of the engineer’s prob-
lems is to design a root that will hold the
blade in the rotor against a centrifugal
force of more than 250 tons. The space
available for transmitting this force to
the rotor body is very limited. Tiny strain
gauges and polarized-light studies of
transparent plastic models provide in-
formation about stress distribution, and
sample roots are stressed to destruction.
Such tests can shed light on the rupture
mechanism and indicate the safety factor
expected when the blade is run at nor-
mal speed.

Vibration can be particularly trouble-
some in long blades. The failure of
blades in the turbines of the Queen Eliz-
abeth 2 has been traced to vibrations at
resonance frequencies, attributable to
faulty design. In designing the last-stage
blades one must calculate resonance fre-
quencies and where the nodal points will
occur. The calculation method accounts
for centrifugal and torsional frequencies
as well as for their coupled effect. The
calculated values must then be verified
by static and rotational tests; close agree-
ment is usually obtained between calcu-
lation and experiment [see illustration on
next page].

Even these tests are not sufficient. The
distribution of steam pressure and veloc-
ity acting on the blade may vary consid-
erably with the load, so that additional
tests must be made. This is usually done
in a test turbine scaled down from a
complete low-pressure turbine. One can
study how the last-stage blading is in-
fluenced by stages preceding the last
stage under varying load conditions and
also examine the back effects produced
by the exit diffuser. Reliability of the
last-stage blade is so important that fur-
ther tests are run on turbines in commer-
cial operation. Tiny strain gauges are
attached to the blade, and their measure-
ments are transmitted by radio.

In addition to determining resonance
frequencies up to the sixth or seventh
mode of vibration, it is necessary to
check carefully still higher modes in a
range near the exciting frequencies pro-
duced by the stationary blades. There
are evidently flow disturbances, similar
to wakes, behind each stationary blade
that are capable of inducing resonances
characteristic of a vibrating plate. For-
tunately this phenomenon is nearly in-
dependent of centrifugal effects, so that
stationary tests are sufficient. Laser hol-
ography has recently been used to re-

TURBINE-BLADE CHARACTERISTICS can be studied in three general ways: by water-
tank analogy (top), by direct calculation (middle) and by airflow tests in a rotating cascade
(bottom). It can be seen that the three methods give comparable results. These particular
studies show patterns of transonic flow when blades are traveling at 1.4 times the speed
of sound in air. In the middle picture the area tinted in color denotes supersonic flow.

TYPICAL LAST-STAGE BLADE is 95 centimeters (37.5 inches) long, excluding the root.
When installed and running, the tip of the blade will travel at 600 meters per second, or 1.6
times the speed of sound in steam under the conditions existing in the turbine’s last stage.
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FREQUENCY (CYCLES PER SECOND)

1,000 2,000 3,000 4,000
SHAFT SPEED (REVOLUTIONS PER MINUTE)

RESONANCE FREQUENCIES of last-stage blades can now be calculated with good accu-
racy. The slanting lines (I through 8) are potential exciting frequencies. Conditions to be
avoided (open dots) occur where these lines intersect the vertical line at the normal shaft
speed, here 3,000 revolutions per minute. The solid lines in color (f, f;, f,) are resonant
frequencies of the blade as obtained by calculation. The broken lines are measured values.
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cord the vibration pattern in such tests.

The metallurgical requirements for a
last-stage blade are, as one might expect,
demanding. The steel should have a high
yield point combined with good ductility
in order to withstand high centrifugal
stresses. It should resist fatigue as well as
erosion and chemical- and stress-corro-
sion. (In normal operation one can ex-
pect small quantities of corrosive chemi-
cals to be entrained occasionally in the
steam.) The steel should also have high
damping characteristics to minimize vi-
bration. Finally, the steel should lend
itself to machining or forging; more ex-
otic means of shaping a blade are usually
very costly.

If the steel itself does not possess suf-
ficient resistance to erosion, the blade
can be hardened or surfaced with an
erosion-resistant hard alloy such as Stel-
lite. Much study has been devoted to the
mechanism by which wet steam caus-
es erosion. Because the steam passing
through the low-pressure turbine is wet,
drops of water tend to collect on the
trailing edge of the stationary blades.
The drops are then torn away by the
passing steam and hurled against the
moving blades, producing tiny pits. The
designer’s task is to see that pitting does
not impair the efficiency and reliability
of last-stage blades over the 20-year
minimum lifetime expected of a steam
turbine. Blades in the high-pressure
turbine, where the temperatures are
highest, are virtually free from erosion.

have described in some detail the de-

velopment of last-stage blades not
only because their design involves a rep-
resentative range of engineering prob-
lems but also because they place one of
the limits on the size to which individual
turbine sets can grow. For maximum
economy high-pressure, intermediate-
pressure and low-pressure turbines
should be arranged in a single line. The
more steam per hour that enters the
high-pressure end of the set, the larger
the blades required at the low-pressure
end to handle the much expanded vol-
ume of steam. “Half-speed” turbines
(1,800 revolutions per minute instead of
3,600) have been introduced to provide
large output in a single turbine set, but
their weight and cost, megawatt for
megawatt, are higher than those for full-
speed turbines. To hold costs in line,
therefore, it is imperative for manufac-
turers to learn to design full-speed tur-
bines with larger low-pressure last stages
than any built so far. These larger units
will be needed to meet the growing de-
mand for electric power at a steadily re-
duced cost per kilowatt-hour.
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capital of the world and home of the Beale Street blues. Memphis . . . J
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“First we take the whole plane
apart, piece by piece’

American Airlines has a special place. .
Where everything that can be done to a
plane, is done to a plane.

Where over 3,000 mechanics work shifts
around the clock. And every Astrojet
takes its turn getting overhauled.

It's our sprawling maintenance and engi-
neering center in Tulsa, Oklahoma.

A 55-million-dollar base that covers 255
acres, and is still growing.

But in Tulsa, nothing will ever be bigger
than the responsibility.

James Morgan, an airframe mechanic for
13 years, talked to us about his job:

“No one section or part is more impor-
tant than the next.
Everything has to be perfect. The ribs,
the beams, the skin surface, the landing
gear, the power systems.
First we make sure we did the job right,
then an inspector comes along to make
sure we did the job right. Check, check,
and recheck.
If your automobile got the same kind of
attention,itwould last for over100years.
Tell the passengers that”’

James Morgan is our kind of man. He has
his job because he's the best at it. That's
the American Way.

Fly the American Way. American Airlines
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HORNS AND ANTLERS

They are commonly believed to be rather alike but in actuality

they are quite different. Among other differences, the material

of horns 1s related to skin and the material of antlers to bone

York Zoological Society received a

shipment of antelopes from South
Africa to which he had been looking for-
ward eagerly. It included rare specimens
that were hardly known to Americans
except in crossword puzzles: the harte-
beest, the eland, the waterbuck, the im-
pala and others. When the antelopes
were unloaded from the ship, the curator
was stricken with shock and horror. They
had all been dehorned. In order to save
space and prevent injury the shipper had
polled the animals’ horns with a cattle
dehorner, assuming that they would re-
grow their “antlers” after settling down
in their new home. Unfortunately the
shipper had made a serious zoological
error, failing to distinguish between
horns and antlers. All the animals in the
shipment had horns, which as every
dairy farmer knows do not regenerate
after polling. The curator rejected the
mutilated animals as being unsuitable for
exhibition in a zoo, and since no one else
wanted them they were slaughtered and
given to the large cats, which for the first
time in a long while ate as they had been
brought up to eat.

The hapless animal dealer who con-
fused horns with antlers was not particu-
larly ignorant but was a victim of a com-
mon misapprehension. Many people and
even reference books are not entirely
clear on the differences between horns
and antlers. The differences are funda-
mental and complex, and they present in-
teresting problems in biochemistry, phys-
iology, animal behavior and evolution.

f gome years ago a curator at the New

True horns, antlers and similar cephalic
+ adornments are found today only in
five families of ungulates (animals with
hooves): (1) the Rhinocerotidae (rhinoc-
eros), characterized by one or two per-
manent midline nasal horns; (2) the

14

by Walter Modell

Bovidae (cattle, sheep, goats and ante-
lopes), characterized by a pair of sym-
metrical permanent horns; (3) the Anti-
locapridae (pronghorn antelope), which
annually renew their pair of symmetrical
horns; (4) the Cervidae (moose, caribou,
elk and deer), which annually renew a
pair of antlers, and (5) the Giraffidae (the
giraffe and the okapi), whose cephalic
protuberances are permanent and paired
but are neither horns nor antlers.

In functional terms horns make sense:
they serve their possessors as effective
weapons. The knobs on the giraffe’s head
are less understandable; borne some 18
feet above the ground, they are hardly
in a position to attack anything except
perhaps a low-flying airplane, and in any
case they are short, blunt and cushioned
with a tuft, so that they cannot inflict
much damage. The function of antlers is
even more mysterious; apart from giving
the animal a noble appearance these
headpieces have little utilitarian justifica-
tion; indeed, they are an encumbrance.
Antlers are too delicate to serve as weap-
ons. When antlered animals really fight,
they use their hooves and not their ant-
lers. For several months of the year,
between the annual shedding and the
regrowth, the animal does without ant-
lers and seems not to miss them at all.

The only observable function served
by antlers is that during the mating sea-
son the males use them to tilt with other
males in winning a harem. This unique
application often ends unhappily; it is
not uncommon for the two contestants
to lock antlers (not horns!) so that both
are immobilized and perish, and the herd
loses the genes of what may well be its
two best stags. As we shall see, the antler
is a strange and uneconomic experiment
of nature, extravagantly costly to its pos-
sessors in several ways, and it seems des-
tined eventually to disappear.

© 1969 SCIENTIFIC AMERICAN, INC

In distinguishing antlers from horns
we note to begin with that they are
composed of entirely different materials.
Horn consists mainly of keratin, the pro-
tein that is the principal constituent of
hair, nails, hooves, scales, feathers, claws
and other tough structures derived from
epidermal tissue. Like hair and nails,
horn is not a living, sensitive tissue: it
has no nerves or blood supply and hence
is insensible to pain and does not bleed
when it is cut. Horns grow slowly and
attain their definitive size and shape by
extension from their source in an epider-
mal layer surrounding a bony core, the
os cornu at the base of the frontal bone
of the skull, as the animal grows to adult-
hood. If the horny material is cut off, it
is not regenerated.

Antler, in contrast, is living tissue that

resembles true bones of the body in
physiology, chemical composition and
cellular structure. During the antler’s de-
velopment it is covered with a hairy skin
called velvet, which has a rich supply of
blood vessels and nerves. While the ant-
ler is in velvet, it bleeds profusely when
injured, and the skin is sensitive to touch
and pain. At this stage the antlers are
not only tender but also fragile. As the
season progresses the antlers become
ossified, the velvet is shed and the bare
tines of bone are exposed. At the end of
the mating season (usually in December
in temperate regions of the Northern
Hemisphere) the animal sheds its ant-
lers, and four to five months later (in
April or May) it begins to grow a new
set. In short, the antler is a deciduous
organ that is cast off and renewed an-
nually like the leaves of a tree.

Horns and antlers differ significantly
in their architecture. Antlers, at least
those sought as trophies, tend to be large,
complex and ornate. Antlers are paired,



TYPICAL HORNS AND ANTLERS are shown in front and side is found in much of Africa. At bottom are the antlers of the
views. At top are the horns of the kudu ram, a large antelope that caribou, which is the North American equivalent of the reindeer.
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INTERNAL STRUCTURE of horns and antlers is shown for a bovine horn (a), the knob of
a giraffe (b) and the antler of a deer, with its “velvet” covering (c) and with the bony struc-
ture exposed (d) after the velvet has been shed. The junction with the skull where growth be-
gins in the spring and where the antler breaks off at the time of the annual shedding is indi-
cated. Developing antlers have blood vessels and nerves, whereas horns entirely lack them.
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although in some species they are not
symmetrical. In certain animals, such as
the reindeer and the moose, antlers have
a winglike, palmate structure—like the
palm of a hand with extended fingers.
From year to year after a deer has

‘reached maturity and until it reaches its

prime each new crop of antlers becomes
larger and more elaborate, adding
branches and “points” that provide a
measure of the animal’s age and vigor.
The number of points is also a measure
of the magnificence of the deer; in Scot-
land, for example, a deer with 12 points
is called a royal stag. In some species of
Cervidae now extinct the antlers weighed
more than the animal’s entire internal
skeleton. At the other extreme the tiny
pudu of the Chilean Andes, a reddish
deer only about a foot high, has simple
pygmy antlers consisting of almost in-
visible spikes two or three inches long.

The horns of the Bovidae, although
they too can be magnificent, are clearly
structured for use rather than ornamen-
tation. They exist as symmetrical pairs
(an exception is the four-horned antelope
with two symmetrical pairs) in a rich
variety of forms: curved, twisting, coiled,
helical and zigzag. They all end, how-
ever, in a single strong spear capable of
impaling or tossing an adversary. (Testi-
mony to the formidable power of horns
as weapons has been erected outside the
bullring in Madrid in the form of a statue
of Sir Alexander Fleming, the discoverer
of penicillin, whose wonder drug has re-
duced the death toll among gored mata-
dors.) It also seems significant that in
almost all species of Bovidae the female
as well as the male possesses horns (al-
though they are often smaller in the fe-
male), whereas among the Cervidae ant-
lers are secondary sexual characteristics
of the male (the only known exception
being the reindeer and its identical
American version, the caribou). This
again suggests that the antler, unlike the
horn, did not evolve primarily as a weap-
on of defense.

]jt us examine the biological and evo-

lutionary distinctions between horns
and antlers in more detail. Horn is made
up of filaments that closely resemble
hair, and these filaments arise from
papillae in the skin that are much like
hair follicles. It is clear, however, that
horn is not, as it has sometimes been
said to be, simply a mass of agglutinized
hair. On microscopic examination it can
be seen to be made of distinct hollow
filaments, whereas hair fibrils are solid.
Furthermore, horns originated much ear-
lier (probably at least 50 million years



earlier) than hair, which apparently de-
veloped only after the arrival of mam-
mals.

The simplest and most primitive horn
of our day is the horn of the rhinoceros.
It is made up of tubular, filamentous se-
cretions from the skin that are cemented
together to form a projection from the
animal’s nose. Having no bony core, the
horn consists of solid keratin. As it grows
it becomes cemented to the nasal bone,
but if a dead rhinoceros’s head is
skinned, the horn often comes away with
the skin, to which it is firmly attached.

In cattle and other animals of the
bovid family the horns are hollow, as one
can see in an antique powder horn. The
horn is mounted like a shoe directly on
the spikelike os cornu, which projects
from the frontal bone of the skull. Part
of the frontal sinus can often be found in
the center of the os cornu. Horns arise
from an inner epidermal layer (the stra-
tum germinativum) immediately cover-
ing the os cornu. This layer lines the
developing horn and produces its slow
growth by continuing to secrete fila-
ments. The reason a horned animal can-
not regrow a polled horn is that the
operation destroys the essential filament-
secreting epidermal tissue.

The only horned animal that sheds its
horns periodically is the pronghorn ante-
lope (Antilocapra americana), a native of
North America that was once numerous
but was almost wiped out by hunters be-
fore conservationists took measures that
have effectively preserved the species.
Each year the pronghorn develops a set
of true horns that consist of keratin and
grow on an os cornu. The prong is an ex-
tra spike on the horn.

This animal’s annual shedding process
is not even remotely related to that of
antler replacement. The new horn grows
while the old one is still in place and
pushes the old shoe off the os cornu as it
achieves full development, so that the
animal is never without a horn. Although
such an experiment is not recorded, it
is probable that, if the old horn were
cropped at the base, a new one would
not grow. The pronghorn’s horn differs
from the horns typical of the Bovidae in
that it is often covered with a consider-
able growth of hair. Yet the pronghorn
antelope is so like members of the fam-
ily Bovidae in all its obvious physical
features that I believe it belongs in that
family.

In contrast to horn, antler is a unique
anatomical object. It is far and away
the fastest growing postnatal bone
known. My interest in this unusual tis-
sue goes back to my days as a second-

year medical student, when I began a
study on seasonal changes in the elk at
the laboratories of the New York Zoologi-
cal Society. I showed one of my histo-
logic sections of growing antler to my
professor, James Ewing, who was then
the world’s outstanding student of ma-
lignant growths. On examining it under
the microscope, he described the tissue,
which was extraordinarily rich in mitotic
figures and gave other signs of fierce
growth, as a sample of malignant bone
sarcoma. When I told Ewing that it was
actually a slice of a normal growing ant-
ler, he urged me to pursue the study of
the tissue because of its simulation of
malignant growth.

Unfortunately neither I nor any other
investigator since has been able to dis-
cover the nature of the mechanism that
controls the exuberant growth of antler
cells. Although under the microscope the
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actively growing antler tissue cannot be
distinguished from that of malignant
neoplasm of bone, it is clear that its de-
velopment is under rigid control. Instead
of spreading out in all directions the
cells produce a sharply defined structure
growing away from the head. In the
course of a few months the original cells
grow into a large, bony tree of great com-
plexity. Then, at the end of the mating
season, special mechanisms of the body
in effect cleanly amputate this structure
and it is discarded. No surgeon has yet
achieved such success in removing a
bone sarcoma. It is noteworthy, however,
that like a malignant neoplasm the ant-
ler recurs (every year until the stag be-
comes very old) because a few primordial
cells are left behind.

Antlers have intrigued and mystified
naturalists since ancient times. Until the
beginning of the 19th century they were
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rioles and veins depicted at left. The major structural zones of the antler are shown at right.
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ARCHITECTURE OF HEADPIECES is suggested by five horned
animals and the giraffe. The horned animals are (a) the mouflon,

generally thought to be composed of
wood; indeed, French naturalists named
them bois, and they attached the term
écorce, meaning bark, to the velvet that
came off when the antlers matured. The
discovery that they were actually bone
did not come until some 19th-century in-
vestigator boiled antlers and identified
gelatin in the residue.

Not all naturalists took so naive a view

ANNUAL EVOLUTION of antlers, belonging in this case to the
wapiti elk, begins (1) with the appearance of the velvet-covered
buds of new antlers in April, about six weeks after the former
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as the French. Since antlers are a male
characteristic, some early investigators
sought to relate them to male physiology.
Aristotle correctly noted: “If stags are
castrated before they are old enough to
have antlers, these never appear, but if
castrated after they have antlers, their
size never varies nor are they subject to
annual change.” In recent years it has
been shown that injections of the male

© 1969 SCIENTIFIC AMERICAN, INC

(b) the springbok, (c) the wildebeest, (d) the rhinoceros, whose
horn is made up of tubular filaments as other horns are but, unlike

hormone testosterone can cause a cas-
trated male deer to develop antlers.
The male hormone can also stimulate a
spayed female deer to produce knobs,
covered with skin resembling velvet, at
the sites on the skull where antlers nor-
mally grow in the male. I have observed
(as have others) elderly female deer with
similar knobs after menopause.

How is the antler formed? Investiga-

antlers have been shed. Within two weeks (2) the characteristic
branched pattern has appeared. By the end of May (3) the antlers
are well developed and fully covered by velvet. During this



them, is solid rather than hollow and (e) the pronghorn antelope,
which is the only horned animal with horns that are deciduous, or

tors many years ago, using ordinary
stains (hematoxylin and eosin) to study
by microscope the intimate details of the
growth of the tissue, concluded that ant-
lers, like the long bones of the body, de-
veloped through an intermediate carti-
lage stage. I examined the microscopic
details of antler development with spe-
cial silver staining techniques and found
that, on the contrary, the bone of antler,

like the bone of the skull, is formed by
direct ossification of the framework of
fibrous tissue that develops first. It be-
comes cancellous (spongy) bone with an
internal cavity that is continuous with
the cavity of the skull and shares its
blood supply. Curiously, unlike other
spongy bone in the body, such as the
sternum and the pelvis, the bone of the
antler does not manufacture blood, al-

periodically shed. The giraffe’s head (f) has growths that are not
true horns but rather are protuberances covered with a hairy skin.

though there is considerable blood (and
a little fatty marrow) in it.

Under the influence of a hormonal
rhythm the male deer begins to grow its
antlers in the spring (late April or May
in the US). The developing antler
bulges out of the velvet that covers the
pedicle, a bony platform atop the frontal
bone of the skull, soon after the old
antler separates from it. From a few

stage the animal is careful to avoid hard objects. By August (4)
the antlers are mature. Growth has ceased and the velvet has be-
gun to dry at the tips. When the bony material of the antler has
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become fully hardened, the velvet dies (5) and peels off in ragged
shreds. After the antlers are mature and have lost their velvet (6)
the wapiti, which is an American elk, becomes sexually aggressive.
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ANCIENT HORNED ANIMAL was Triceratops, a reptile with three horns and also a
horny shieldlike structure. Horns apparently originated with the early large reptiles.

ANCIENT ANTLERED ANIMAL, much more recent than Triceratops but also extinct, was
the giant Irish elk. Its massive antlers weighed more than its entire internal skeleton.
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fibroblasts (embryonic cells) left behind
when the former antler was cast a mass
of fibroblasts develops below the skin,
and the velvet cover grows to conform
with the developing antler. The fibro-
blasts rapidly form the armature of the
antler, much as a branch and twigs grow
out of a tree. Meanwhile osteoblasts
(bone-forming cells) begin to stream into
this framework and to lay down the
bone-forming calcium. The resulting
bone has a thinner cortex and conse-
quently is not nearly as strong as the
bone of the skull, but apart from the
fact that it does not form blood it is in-
distinguishable from the cancellous bone
of the skull and other spongy bones of
the skeleton.

By September the antler has grown to

full size and has firmly united itself
to the pedicle. The bone at the base be-
comes progressively denser and eventu-
ally cuts off the flow of blood from the
skull to the antler’s interior. Some blood
is still supplied, however, by arteries
coursing through the velvet covering the
antler. Soon, as a result of some mecha-
nism that has not yet been satisfactorily
explained, the velvet proceeds to de-
generate. It dries up and is shed by the
stag, coming off in strips when the ani-
mal rubs its antlers against trees or
shrubs.

At this stage the antlers have no blood
supply or nerves and are insensible to
painful stimuli. The bare bone and sharp
tines of the antler are exposed, and for a
few weeks in the fall the many-spiked
antler might be usable as a weapon. It
is an awkward weapon at best, however,
and its development is not particularly
well timed, because by that season the
fawns born of the stag’s preceding mat-
ings are fleet enough to escape predators
and no longer need the sire’s protection.
As T have noted, when stags tilt with
each other to gain a harem for the new
mating season, the antlers may be dan-
gerous to both adversaries. Furthermore,
how is one to explain the curious fact
that sometimes the harem winners are
stags (called hummels) that for some un-
known reason have failed to develop
antlers? Could they be better fighters be-
cause they lack antlers?

The antler’s implausibility as a weap-
on suggests that it did not actually evolve
for this function. One interesting current
hypothesis is that antlers serve the deer
and other Cervidae as a cooling device
during the summer. The velvet covering
the antler provides an admirable means
of radiating body heat, because of its
considerable surface area and its exten-



POSSIBLE EVOLUTIONARY TREND in antlered animals may
be represented by the Chinese water deer (left) and the musk deer

sive apparatus of peripheral blood ves-
sels and sweat glands. The fact that the
velvet dies at the end of the summer
and the antlers are shed not long after-
ward lends some support to this surmise
about the antler’s primary reason for
being. It is difficult to imagine any other
plausible reason why nature should have
endowed animals with an elaborate
superstructure that is used only during
a few weeks of the year and is discarded
annually after being produced at great
metabolic expense. (To the question of
why females lack these radiators the
supporters of the hypothesis respond
that females stay in the shade.)

In the late fall some of the cement
holding the base of the antler to the
pedicle is resorbed, the connection weak-
ens and the antler is cast—not as an ac-
tive process but by breaking off when it
happens to strike something. The break
occurs neatly at the junction with the
skull where the antler started to grow in
the spring; there is a little bleeding, but
the blood promptly clots. The process is
painless. A new growth of hairy velvet
(rather than the hairless, nonsweating
scar tissue that forms in the normal heal-
ing of wounds) quickly covers the
wound on the exposed skull, and the
organs and cells involved in the forma-
tion of antler go into a dormant period,
lasting from late December until the fol-

lowing April or May. An injection of
testosterone during this period, how-
ever, can trigger antler growth.

Notwithstanding the peculiarities and
apparent frivolity of antlers, they
cannot really be called a freak of nature.
As a headpiece they are one version,
albeit an exotic one, of a phenomenon
that goes back to the early history of
land animals. Horns are at least 100 mil-
lion years old. In the Cretaceous period
there were dinosaurs and crocodile-like
reptiles with horns. Some of these
growths beggar the imagination of sci-
ence fictionists. Triceratops had three
horns: a huge spike rising from the nose
and one above each eye. Styracosaurus
had an upright nasal spike nearly two
feet long and a neck shield with six
spikes thrust out from its edges. Skull
protuberances have also been found
among fossils of some early mammals,
notably the elephantine ungulates. The
horns were formidable weapons in some
early mammals, such as Arsinoitherium,
but in others, such as Uintatherium and
Brontotherium, they were blunt exten-
sions from the skull and were probably
covered with skin. By the end of the
Eocene epoch some 40 million years ago
the rhinoceros, its naked horn as men-
acing a weapon as the horns of the an-
cient reptiles, had begun to appear.
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(right), which are the only animals of the family Cervidae that do
not possess antlers. The two species, however, have evolved tusks.

The rhinoceros is unusual in several
ways. It is the only odd-toed animal that
has a horn. The Rhinocerotidae include
the only nonmythical unicorn, but sev-
eral surviving species of rhinoceroses
have two horns, both positioned on the
midline one behind the other. The rhi-
noceros’s horn is also exceptional in that
it is solid keratin, not a hollow shoe. In
prehistoric times the animal must have
made considerable use of its horn as a
weapon, but today the rhinoceros’s mas-
sive size and armor are sufficient protec-
tion to discourage attack by its less mas-
sive contemporary competitors.

Paradoxically, in our era the horn has
been the rhinoceros’s undoing. For more
than 1,000 years man, now the animal’s
principal enemy, has been hunting down
the rhinoceros for its horn. In China
ground rhinoceros horn has long been
prized for its supposed values as an
aphrodisiac and a medicine for various
ailments, and in the medical markets of
China and Africa today the horn is said
to be worth half its weight in gold. A
thriving trade is also conducted in dried
rhinoceros blood and in rhinoceros hide
for use as a warrior’s shield. A few rhi-
noceroses manage to survive in Asia by
keeping out of sight, and in some parts of
Africa the animal is protected from hunt-
ers by law.

During the Miocene epoch, beginning
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some 25 million years ago, horns and
antlers developed among many species
of two important families of ungulates,
the Bovidae and the Cervidae. These two
families are so remarkably alike in many
ways that they may well have had a
common ancestry. The great differences
between horn and antler, however, in-
dicate that the two forms of head appen-
dage had diftferent origins. The Bovidae
revived the keratinous horn growth that
was already a 100-million-year-old carry-
over from the age of reptiles. The Cervi-
dae introduced the antler as a basically
new growth. According to the available
fossil record, the first antlered cervid was
Dicrocerus, an ungulate of the early
Miocene that grew a very simple antler
in the form of short spikes. Because ant-
ler is so skimpily constructed that it de-
teriorates about twice as fast as the skull
bone under ordinary exposure, it may
well be that its ancient history is not
as well preserved in the paleontological
record as that of skull and skeletal
bone. The record does show, however,
that in the Pleistocene epoch antlers
became common among the Cervidae
and some of them grew to monstrous
size. Probably the most impressive
antlers of all time were borne by the
great stag (Cervus megaceros) of the
Ice Age; its pair of antlers had a spread
of three meters and weighed about 70
kilograms (154 pounds)! Among the
living members of the family Cervidae
today all but two species have antlers.
The exceptions are the Chinese water
deer and the musk deer [see illustration
on preceding page].

There are reasons to believe the giraffe
and the okapi are closely related to the
Cervidae and evolved from the same
group of ancestors. The permanent knobs
on the head of the giraffe and the okapi
are not made of keratin; hence they are
not true horns. The girafte’s knobs are
formed of a bony core extending straight
up from the skull and are covered with
a hairy skin that gives the knobs their
tufted appearance. In the okapi a bit of
bare bone is exposed at the tip. The
knobs of these two strange beasts seem
closer to antlers than to horns and per-
haps are best compared to antlers per-
manently in velvet.

]n a curious way horns and antlers are

invariably associated with certain
other apparently unrelated anatomical
features. Headpieces of one kind or an-
other (horns, antlers or knobs) are pos-
sessed by virtually all even-toed ungu-
lates with a four-chambered (or true
ruminant) stomach; this includes the
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Bovidae, the Cervidae, the pronghorn,
the giraffe and the okapi. With the
single exception of the rhinoceros no
odd-toed animal (which includes the
horse, the ass and the zebra) has a head-
piece, and headpieces are also absent in
all even-toed ungulates with false ru-
minant, or three-chambered, stomachs
(camels, llamas and others), as well as
in those with a single-chambered stom-
ach (pigs, peccaries and hippopota-
muses). What connection can there be
between horns or antlers and a per-
fect ruminant stomach and even-toed
hooves? By what odd quirk of evolution
did these seemingly unrelated charac-
teristics come to be associated with one
another, if indeed the association is not
mere coincidence?

Be that as it may, this enigma is much
less intriguing than the mystery of why
antlers evolved and why they have per-
sisted so long. The evolutionary success
of horns, which have proved their value
over 100 million years of trials and are
now firmly incorporated in a great num-
ber of species of ungulates, is quite un-
derstandable. The antler, on the other
hand, is obviously an encumbrance with
a very limited, if not entirely question-
able, usefulness. Perhaps the main sur-
prise is that it has lasted for upward of
25 million years and is still retained by
almost the entire family Cervidae. There
is evidence, however, both in the fossil
record and in the hunting history of man,
that antlers as well as the antlered ani-
mals are on the decline. Their often sui-
cidal tilts with their antlers, by killing
off some of the best and strongest stags,
may have played a part in this decline.
The preservation of the Cervidae is now
aided by the U.S. program for the pro-
tection of wildlife, but this has led to a
proliferation that has made them a true
pest and necessitates large-scale seasonal
hunting of the animals to spare them
from starvation and our forests from
ruination by debarking. Overprotection
of the animals, with its consequent dis-
turbance of ecology, may not be in our
interest.

It may be that in the long run natural
selection can save the Cervidae by elimi-
nating those with elaborate antlers, so
that the surviving members of the family
come to be like the two nonantlered
species, the Chinese water deer and the
musk deer. In any case, it appears that
antlers, if not the antlered animals them-
selves, are doomed by evolution, and
that the eight arboreally ornamented
reindeer of Santa Claus, like the hand-
some unicorn, will one day become strict-

ly a legend.
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MATHEMATICAL GAMES

An octet of problems that emphasize

gamesmanship, logic and probability

by Martin Gardner

ere are eight problems to be an-
H swered, the last of them con-
sisting of a collection of 10
“quickies.” The solutions will be given
next month.

1. Last January, after 10 weeks of
haggling, the Vietnam peace negotiators
in Paris finally decided on the shape of
the conference table: a circle seating 24
people, equally spaced. Assume that
place cards on such a table bear 24 dif-
ferent names and that on one occasion
there is such confusion that the 24 nego-
tiators take seats at random. They dis-
cover that no one is seated correctly.
Regardless of how they are seated, is it
always possible to rotate the table until
at least two people are simultaneously
opposite their place cards?

A much more difficult problem arises
if just one person finds his correct seat.
Will it then always be possible to rotate
the table to bring at least two people
simultaneously opposite their cards?

Both questions will be answered next
month, although the proof for the sec-
ond is too complicated to give in detail.
The problem was first called to my at-
tention by Eaton Lattman.

2. The British Chess Magazine, Vol.
36, No. 426, June, 1916, reported that
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W hite to move knights and check in five
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an American amateur named Frank
Hopkins had invented a variation of
chess, which he called “Single Check”
or “One Check Wins.” The game is
played exactly like standard chess ex-
cept that victory goes to the first player
who checks (not checkmates) his oppo-
nent’s king. The magazine, quoting from
an article in The Brooklyn Daily Eagle,
reported that “a suspicion that the white
pieces had a sure win turned into a cer-
tainty” when U.S. grand master Frank
J. Marshall one day “laconically re-
marked that he could ‘bust’ the new
game.” Hopkins was unconvinced until
Marshall quickly won by moving only
his two white knights. Marshall’s strat-
egy is not given, except for his opening
move, nor does the account of the inci-
dent give the number of white moves
before he administered the fatal check.

Since 1916 the idea of “single check”
chess has occurred independently to
many players. I first heard of it recently
from Solomon W. Golomb, who knew it
as “presto chess,” a name given it by
David L. Silverman after learning of the
game from a 1965 reinventor. Back in
the late 1940’s the game had been re-
invented by a group of mathematics
graduate students at Princeton Univer-
sity. One of the students, William H.
Mills (who has been at the Institute for
Defense Analyses in Princeton since
1963), had discovered then what was
undoubtedly Marshall’s strategy: a way
in which White, moving only his
knights, can win on or before his fifth
move. This year Mills and George
Soules, a colleague at the institute,
found different five-move wins involv-
ing pieces other than knights. I shall
discuss them next month, but now
readers are asked only to see if they can
duplicate Marshall’s feat by solving the
problem shown in the illustration at the
left. How can White, moving only his
knights, check the black king in no more
than five white moves?

Attempts have been made to make the
game more even by imposing additional
rules. Hopkins himself proposed begin-
ning with each player’s pawns on the
third row instead of the second. Sidney
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Sackson, a New York City game inventor
who told me of the 1916 reference, sug-
gests that the winner be the first to check
a specified number of times, say from
five to 10, depending on how long one
wants the game to last. Whether either
proposal effectively destroys White’s ad-
vantage I cannot say.

3. Anatol W. Holt, director of ad-
vanced systems for Applied Data Re-
search, Inc., is a mathematician who
makes a hobby of inventing games. His
board game MEM, played with 32
stones of 11 colors, is.a delightful strat-
egy game based on a completely new
idea involving pattern recognition. (It
is currently on sale in stores and can also
be ordered postpaid for $6.50 from
Holt’s own firm, Stelledar, Inc., 1700
Walnut Street, Philadelphia, Pa. 19103.)

A few years ago Holt devised the fol-
lowing word game. Two people each
think of a “target word” with the same
number of letters. Beginners should
start with three-letter words and then
go on to longer words as their skill im-
proves. Players take turns calling out a
“probe word” of the agreed length. The
opponent must respond by saying
whether the number of “hits” (right let-
ter at the right position) is odd or even.
The first to guess his opponent’s word is
the winner. To show how logical analy-
sis can determine the word without
guesswork, Holt has supplied the follow-
ing example of six probe words given by
one player:

Even Oodd
DAY SAY
MAY DUE
BUY TEN

If you knew the target word and com-
pared it letter by letter with any word
on the even list, you would find that an
even number of letters (zero counts as
even) in each probe word would match
letters at the same positions in the tar-
get word; words on the odd list would
match the target word in an odd number
of positions. Find the target word.

4. In Problematical Recreations, No.
7, a series of puzzle booklets issued an-
nually by Litton Industries in Beverly
Hills, Calif., the following problem ap-
peared. A man places his beer glass on
the bar three times to produce the set of
triple rings shown at the top of the op-
posite page. He does it carefully, so that
each circle passes through the center of
the other two. The bartender thinks the
area of mutual overlap (shaded) is less
than one-fourth of the area of a circle,
but the customer says it is more than
one-fourth. Who is right?



The solution can be obtained the hard
way by finding the area of an equilateral
triangle inscribed in the shaded section
and then adding the areas of the three
segments of circles on each side of the
triangle. A reader of this column, Tad
Dunne of Willowdale in Ontario, sent
me a beautiful graphical “look and see”
solution that involves no geometrical
formulas and almost no arithmetic, al-
though it does make use of a repeating
wallpaper pattern. Can the reader re-
discover it?

5. In Grand Central Terminal in New
York I saw in a store window an unusual
desk calendar [see bottom illustration on
this page]. The day was indicated sim-
ply by arranging the two cubes so that
their front faces gave the date. The face
of each cube bore a single digit, 0
through 9, and one could arrange the
cubes so that their front faces indicated
any date from 01, 02, 03,...,to 31.

The reader should have little difficulty
determining the four digits that cannot
be seen on the left cube and the three
on the right cube, although it is a bit
trickier than one might expect.

6. In the Journal of Recreational
Mathematics for July, 1968, L. D. Yar-
brough of Lexington, Mass., introduced
a new variant on the classic problem of
the knight’s tour. In addition to the rule
that a knight touring a chessboard can-
not visit the same cell twice (except for
a final reentrant move that in certain
tours allows the knight to return to the
starting square), the knight is also not
permitted to cross its own path. (The
path is taken to be a series of straight
lines joining the centers of the beginning
and ending squares of each leap.) The
question naturally arises: What are the
longest uncrossed knight’s tours on
square boards of various sizes?

The bottom illustration on the next
page reproduces samples of the long-
est uncrossed tours Yarbrough found
for square boards from order-3 through
order-8. The order-7 tour is particularly
interesting. Seldom does a reentrant tour
have maximum length; this is one of the
rare exceptions as well as a tour of pleas-
ing fourfold symmetry.

The idea of uncrossed knight’s tours
caught the interest of Donald E. Knuth,
a mathematician at the Institute for De-
fense Analyses who has been mentioned
several times in recent columns. Knuth
wrote a “backtrack” computer program
that, among other things, found ev-
ery possible maximum-length uncrossed
knight’s tour on square boards through
order-8. Rotations and reflections are,
as usual, not considered different. The
computer found two tours for the or-

der-3 board, five for order-4, four for
order-5, one for order-6, 14 for order-7
and four for order-8 (the standard chess-
board).

It is the unique tour on the 6-by-6
that is most surprising and that provides
our problem. Only on the order-6 board
did Yarbrough fail to find a maximum-
length uncrossed tour. His tour has 16
moves, but there is one uncrossed tour
on this board that has 17 moves. The
reader is invited to match his wits
against the computer and see if he can
discover the 17-move tour.

To find the order-6 tour the computer
examined 88,466 cases. The order-7
search examined 10,874,673 cases and
the order-8 3,137,317,289 cases.

7. Probability theorists are fond of
illustrating theorems with problems
about identical objects of different col-
ors that are taken from urns, boxes,
bags and so on. Even the simplest of
such problems can be confusing. Con-
sider, for instance, the fifth of Lewis
Carroll's Pillow Problems: “A bag con-
tains one counter, known to be either
white or black. A white counter is put
in, the bag shaken, and a counter drawn
out, which proves to be white. What is
now the chance of drawing a white
counter?”

“At first sight,” Carroll begins his an-
swer, “it would appear that, as the state
of the bag, after the operation, is neces-
sarily identical with its state before it,
the chance is just what it was, viz. 1/2.
This, however, is an error.”

Carroll goes on to show that the prob-
ability of a white counter remaining in
the bag actually is 2/3. His proof is a
bit long-winded. Howard Ellis, a Chi-
cago reader, has done it differently. Let
B and W(1) stand for the black or white
counter that may be in the bag at the
start and W(2) for the added white
counter. After removing a white counter
there are three equally likely states:

In bag Outside bag
w(1) w(2)
w(2) w(l)

B w(2)

In two of these states a white counter
remains in the bag, and so the chance
of drawing a white counter the second
time is 2/3.

A recent problem of this kind, with
an even more surprising answer, begins
with a bag containing an unknown num-
ber of black counters and an unknown
number of white counters. (There must
be at least one of each color.) The count-
ers are taken according to the following
procedure. A counter is chosen at ran-
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How much of one circle is shaded?

dom and discarded. A second one is
taken at random. If it is the same color
as before, it too is discarded and a third
is chosen. Each time the color matches
that of the counter that was taken just
previously, the newly taken one is dis-
carded. When the color fails to match,
the counter is replaced, the bag is shaken
and another drawing is made. In other
words, a counter is replaced only when
a Change of color occurs. It turns out
that regardless of the ratio of white to
black counters at the start there is a
fixed probability that the final counter
will be black. What is that probability?

8. And now the 10 quickies:

(1) With a seven-minute hourglass
and an 1ll-minute hourglass, what is
the simplest way to time the boiling
of an egg for 15 minutes? (From Karl
Fulves.)

(2) A man traveled 5,000 miles in a
car with one spare tire. He rotated tires
at intervals so that when the trip ended
each tire had been used for the same
number of miles. For how many miles
was each tire used?

(3) A standard deck of 52 cards is
shuflled and cut and the cut is complet-
ed. The color of the top card is noted.
This card is replaced on top, the deck is
cut again and the cut is completed. Once

W hat digits are on the cubes’ hidden faces?
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e a

23 b

s a B

4 a + 2b

5. 2a 4 3b

6 BN 5b

7 5a + 8b

8. 8a ¢ 13b

9. 13a -+ 21b
10. 2la  + 34b

55a 4+ 88
Answer to Fibonacci problem

more the color of the top card is noted.
What is the probability that the two
cards noted are the same color?
(4) Find a number base other than 2
or 10 in which 121 is a perfect square.
(5) Draw six line segments of equal
length to form eight equilateral trian-

gles.

ORDER 3, LENGTH 2

ORDER 5, LENGTH 10

ORDER 7, LENGTH 24

(6) Assuming that the angle cannot
be trisected by compass and straight-
edge, prove that no number in the dou-
bling series 1, 2, 4, 8, 16, 32, ... is a
multiple of 3. (From Robert A. Weeks.)

(7) A farmer has 20 pigs, 40 cows,
60 horses. How many horses does he
have if you call the cows horses? (From
T. H. O’Beirne.)

(8) Translate: “He spoke from 2222-
222222222 people.”

(9) A Greek was born on the seventh
day of 40 B.c. and died on the seventh
day of A.p. 40. How many years did he
live?

(10) A woman either always answers
truthfully, always answers falsely or al-
ternates true and false answers. How,
in two questions, each answered by yes
or no, can you determine whether she is
a truther, a liar or an alternator?

the first problem last month was to
find the winning move in Fibonacci
nim when the game begins with a pile

ORDER 4, LENGTH 5

ORDER 6, LENGTH 16

ORDER 8, LENGTH 35

Try to lengthen the order-6 knight’s tour
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of 20 counters. Since 25 is not a Fibo-
nacci number the first player has a sure
win. To determine his first move he ex-
presses 20 as the sum of Fibonacci num-
bers, starting with the largest possible
F-number, 13, adding the next largest
possible, 5, then the next, 2. Thus 20 =
13 + 5 + 2. Every positive integer can
be expressed as a unique sum in this
way. No two consecutive F-numbers
will appear in the expression. An F-
number is expressed by one number
only: itself.

The last number, 2, is the number of
counters the first player must take to
win. The second player is forbidden by
the rules of Fibonacci nim to take more
than twice 2, and therefore he cannot
reduce the pile (which now has 18 coun-
ters) to the Fibonacci number 13. As-
sume that he takes four counters. The
pile now contains 14. This is equal to
F-numbers 13 4 1, and so the first play-
er takes one counter. By continuing this
strategy he is sure to obtain the last
counter and win.

If the initial number of counters is a
Fibonacci number, say 144, the second
player can always win. True, the first
player can take 55 counters to leave 89,
the next highest F-number, but then the
second player can immediately win by
taking all 89 counters because 89 is less
than twice 55. The first player is forced,
therefore, to leave a non-Fibonacci num-
ber of counters and the second player
wins by the strategy that I have just ex-
plained. (See Donald E. Knuth, Funda-
mental  Algorithms, Addison-Wesley,
1968, page 493, exercise No. 37, and
“Fibonacci Nim,” by Michael J. Whini-
han in The Fibonacci Quarterly, Vol. 1,
No. 4, December, 1963, pages 9-13.)

To prove that the sum of the first 10
numbers in a generalized Fibonacci se-
ries is always 11 times the seventh num-
ber, call the first two numbers a and b.
The 10 numbers and their sum can be
represented as shown at the top of this
page. The sum obviously is 11 times the
seventh number. Note that the coeffi-
cients of @ and b form two Fibonacci
sequences.

None of the three king’s-tour spelling
matrices that I presented in the January
column is unique. So many readers
pointed out the four solutions for the
Nixon matrix that I cannot list all their
names. Gerald K. Schoenfeld also called
attention to the three solutions for the
Humphrey matrix, and two readers,
Malcolm C. Holtje and Dean P. McCul-
lough, in addition to finding the four for
Nixon and three for Humphrey, were
able to find eight different matrices for
Johnson.
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A scanning electron
microscope

With a standard Cambridge Stereoscan it is possible to
detect,display, and measure surface detail, surfacevoltage
contrast, and crystallographic orientation. Resolutig\n
is a guaranteed 200A, and can be as good as 150
depth of focus is typically x 500 better than for light
optical microscopy at comparable magnification.

But Stereoscan is a modular system. You can buy the
basic equipment and add accessories later to obtain a
complete scanning electron micro-probe system. Addi-
tional modules provide further operating techniques—
absorptive, conductive and X-ray analytical modes —and
improved facilities for processing specimen information

Automatic vacuum

system.

Resolution guaranteed
~opumum 1 50A.
M

at 200

Full goniometer stage

Lowest calibrated

magnification x 14

,highest magnification
- x 100,000.

Low-voltage operation
- for examination of
S, uncoated samples.

gives complete
flexibility of specimen
maotion. \‘

Externally inter-
changeable final
apertures for optimum
resolution and depth
of focus. ~<_

High resolution c.r.t.
* for photographic work.
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A micro-
laboratory

and for elementary electron beam processing on an ex- Our advanced development programme is aimed at
perimental basis. keeping our lead in this technology.

Cambridge Scientific Instruments pioneered the field Commissioning, operator training and servicing facil-
of scanning electron-probe instrumentation, producing ities are available throughout the world.
the first scanning x-ray microanalyser and scanning Keep in touchwith thelatestdevelopmentsinscanning

electron microscope to become commercially available. electron microscopy, simply write to the address below.

Video presentation
unit; provides scan
rotation, tilt correction,
fine magnification, and

Specimen current ;f'-ry;pgiulation Beam blanking unit for
amplifier for acilities. \ experimental electron
absorptive and beam processing.

1
conductive modes. \‘ 1

4 2 channel video
X-ray spectrometers \ srstem.
and nucleonics for “ J
x-ray micro-analysis. 2 K Remote display unit
. \ y with 17 inch screen
: for lecture theatre use.
[

Cambridge S

Cambridge Scientific Instruments Limited

Electron-Probe Division, Chesterton Road, Cambridge, England
Telephone : Cambridge (0223) 58294. Telex: 81162

()

Cambridge Division
George Kent Limited

World leaders in the development of Scanning Electron-Probes

@ cis0
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Conducted by C. L. Stong

mow my lawn if I would help

them to build and fly a kite. I
agreed. The resulting kite performed so
nicely that we extended the contract at
the rate of one kite for one mowing and
spent a memorable summer discovering
the joys of designing, building and fly-
ing kites. Although one of the boys ul-
timately became an aeronautical engi-
neer and the other a biochemist, their
enthusiasm for kites lives on, as does
mine.

What is a good kite? The answer de-
pends on your tastes and interests. To
the skillful enthusiasts of the Orient,
where the sport of kite-flying predates

: ;ome years ago two boys offered to

~ THE AMATEUR SCIENTIST

The lore and aerodynamics

of making and flying kites

recorded history, kites are of three kinds.
The first category consists of fighting
kites. A good one is so agile and sturdy
that it can knock down all competitors
in controlled aerial combat. The second
category consists of acrobatic kites that
can be made to dive, loop, perform fig-
ure eights and so on. Designs in the third
category appeal primarily to the eye and
ear. These kites range in form from sim-
ple diamond shapes to figures resem-
bling birds, animals and mythological
creatures including dragons up to 100
feet long. The kites are usually gaily col-
ored and may carry bamboo pipes and
other instruments that emit musical
sounds.

The kites we built belong to still an-
other category: those that reach the
highest possible altitude for a given
length of string, or, as aeronautical en-
gineers would put it, kites of maximum
lift-to-drag ratio. We had fun trying
novel designs and contriving jobs for
the kites to do, such as measuring the

rag strips
knotted
together
to make
X a tail

,\./’

e

Fold paper at
dotted line over
string,then glue.

Elements of a diamond kite
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temperature of the air at altitudes up to
a few thousand feet and making aerial
photographs. We obtained much of the
information we needed from the files of
the U.S. Weather Bureau, which relied
heavily on kites to carry meteorological
instruments aloft before the advent of
radiosondes, rockets and satellites. At
the turn of the century the bureau op-
erated 17 kite stations across the coun-
try and set a number of records. For ex-
ample, on May 5, 1910, the uppermost
unit in a train of 10 Weather Bureau
kites carried a load of meteorological in-
struments to an altitude of 24,000 feet.
Collectively the kites in the train had a
sail area of 683 square feet and exerted
a pull of more than 400 pounds on the
nine-mile flying “string” of piano wire.
The wire was paid out and drawn in by
an electric winch.

Our efforts were much less ambitious.
Our first kite was a simple diamond
formed by a pair of crossed sticks cov-
ered with paper. The spline, or vertical
stick, was three feet long and the spar,
or horizontal stick, was two feet long.
The middle of the spar crossed the
spline a foot from the top. We fastened
the sticks together at the cross with a
drop of glue and a binding of string. A
saw kerf about a sixteenth of an inch
deep was made in the ends of each stick
before assembly [see illustration at left].

When the glue had dried, we
stretched a string through these kerfs
and glued the paper covering to the
strings. The kite was then fitted with
a bridle, which consisted of a loop of
twine tied to the top and bottom of the
spline on the papered side of the kite
and another loop across the spar. The
length of the bridle was adjusted so that
the string became taut when the loops
were pulled a foot from the paper at a
point directly above the cross. The fly-
ing string was tied temporarily to the
bridle at this point. The point at which
the string is attached to the bridle de-
termines the angle at which the air
strikes the kite: the angle of attack.
Kites, like the mainsail of a sailboat, per-
form best at angles of attack ranging



from about 20 to 25 degrees, greater
than the angle at which an airplane wing
meets the wind because of the pro-
nounced curvature of the paper. The
exact angle of attack at which a kite per-
forms best depends on the strength of
the wind and must be determined ex-
perimentally. In general the angle must
be decreased as the speed of the wind
increases. The change is accomplished
by shifting the string toward the top of
the kite.

Diamond kites are inherently unstable
and must be fitted with a tail to hold
them upright. Part of the stabilizing
force is provided by the weight of the
tail, part by friction between the tail and
the moving air and part by turbulence
generated in the airstream by the tail.
The last two forces are known as drag.
If the kite is to fly, the downward forces
must be exceeded by the lifting force
that is developed by the flow of air un-
der and over the paper covering. The
tail provides stability but at the cost of
lift. The amount of stability required in-
creases with the speed of the wind. A
kite that flies nicely with a short tail
during a light breeze will spin out of
control in a stiff wind. Yet a kite with a
long tail that flies well in a stiff wind
may not fly in a light breeze.

One solution to this problem is to
provide the kite with a tail that consists
of a series of wind cones [see illustration
on this page]. The cones can be made
by removing the bottoms from paper
containers, such as paper cups or ice
cream cartons. The force developed by
air flowing through the cones increases
with the speed of the wind and so pro-
vides optimum stability through a fairly
broad range of wind speeds. Kites with
light tails of this kind fly substantially
higher than those with tails made of
strips of cloth or bundles of paper tied
at intervals along a string.

The shape of the diamond kite can
be easily modified. For example, three
sticks of equal length can be crossed to
form a hexagon. A circular form can be
made by bending bamboo into a hoop.
Combinations of straight sticks and bam-
boo can be formed into figures of birds.
All these shapes fly about equally well
when they are equipped with an appro-
priate stabilizing tail. In the Orient com-
plex designs are often made by stacking
a series of kites closely behind one an-
other. The kites are tied together by
strings that extend from the corners of
the first kite to the comparable corners
of succeeding kites. The bridle is at-
tached to the first kite of the series. Suc-
ceeding members of the series function

both as kites and as the stabilizing tail.

To launch a kite of any kind grasp
the flying string in one hand and the
bottom of the kite in the other. Incline
the kite at an angle of about 25 degrees
into the wind, with the paper side facing
the wind, and let it go. As the kite rises
pay out flying string at a rate that allows
the kite to continue its ascent. If two
people do the flying, let one hold the kite
while the other pays out about 50 feet
of string. When the string has been
pulled snug, the inclined kite is tossed
into the air.

The materials for kite making are
readily available. Our sticks came most-
ly from a local lumberyard. We selected
clear, straight-grained spruce 3/4 inch
thick, six inches wide and six feet long
and had the yard saw it into strips from
3/16 inch to 1/4 inch in width. We also
made kite frames of wooden dowel stock
1/4 inch in diameter. Dowel stock is
heavier than spruce, bends rather easily
and is more difficult to assemble than
flat sticks. On the other hand, it is avail-
able ready-made in most hardware
stores.

We used nylon flying string. The
breaking strength of nylon is high in pro-
portion to its weight and thickness, and
it develops less drag in the wind than
other strings we tested, particularly the
fuzzy cotton string known as butcher
twine. Do not use piano wire for the
flying string or any other material that
conducts electricity. Kite-fliers have
been electrocuted by electrically con-
ducting “string” that made accidental
contact with high-voltage power lines.
Never fly a kite with a string that is wet
or attempt to duplicate Benjamin Frank-
lin’s experiment of drawing “the electric
fire” from a thunderstorm. Franklin was
lucky. A European scientist who fol-
lowed his instructions for performing the
experiment was killed by a bolt of light-
ning that traveled down the wet string.

Kites up to four feet in diameter can
be covered with paper, even newspaper.
Light, closely woven silk is better and
stronger and develops less drag, but it
is expensive. The strongest and aerody-
namically most efficient material is My-
lar, a plastic sheet that is available from
mail-order firms that cater to farmers.
The sheets are used to protect grain and
hay from the weather.

We next made and flew several Ma-
lay kites. Essentially they are diamond
kites that achieve stabilization through
their shape and therefore need no tail.
They fly much higher than kites with
tails and are more maneuverable. Stabil-
ity is achieved by bending the spar back-
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wind-cone
A .
\ tail

paper cups
with bot-
toms removed

Wind-cone tail

ward with a bowstring [sce top illustra-
tion on next page]. Stability increases
with the depth of the bow. In the case
of a spar two feet long the bow is typi-
cally made about four inches deep.
When the kite faces squarely into the
wind, the force of the wind acts equally
on the left and right sides of the surface.
When a puff of wind turns the kite so
that one side faces more squarely into
the wind than the other, the forces are
unbalanced. The side facing into the
wind then experiences greater force,
which rotates the kite to restore the
balance. Airplane wings are similarly
joined to make a shallow V, known as
the dihedral angle, that provides lateral
stability. Again, stability is gained at
some cost in lift. Malay kites of mini-
mum bow fly higher than those of maxi-
mum bow but tend to dart back and
forth, to loop and spin. Kites of maxi-
mum bow fly steadily but lower. The
paper covering of Malay kites should be
slack, like the sails of a boat, so that the
wind can bend the surface into a uni-
form curve. A Malay kite has a single
bridle string that is tied to the spline.

By fitting a Malay kite with two or
more flying strings and a crossed bridle
the flight pattern can be controlled from
the ground. Two bridle strings of equal
length are tied to the top and bottom of
the spline and a third string is tied to
the ends of the spar. The vertical strings
are separated to the left and right and
tied symmetrically to the horizontal
string [see Dottom illustration on next
page]. The flying strings are attached to
the points at which the bridles cross.
During flight the kite will drift sideways,
toward the string that is pulled most,
and at a speed that increases with the
amount of pull on the string. At the
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cover string

Configuration of a Malay kite

limit of the lateral drift the kite will loop,
dive and reverse its lateral direction.
The maneuver will twist the flying
strings together. They can be unwound
by pulling the slack string, which will
cause the kite to perform the same ma-
neuver in reverse. The art of making the
kite perform other acrobatic stunts can
be learned by practice.

For lifting a load such as a thermom-
eter, a barometer or a camera we prefer
the French war kite, a triangular box
kite that has a pair of triangular wings
[see top illustration on opposite page].
The framework consists of five sticks. In
a design of modest size four of the sticks
may be three feet long and the fifth one

double-string
bridle for
maneuvering

Malay kite

Control of « Malay kite

132

14 inches long. Two of the long sticks
are used for parallel splines, spaced 12
inches apart. The spar crosses the splines
a foot from the top. The short stick cross-
es a foot below the spar and parallel to
it. All of the crosses are cemented and
bound with string. The completed frame
is covered with paper, as in the case of
a hexagon kite. The paper is then slit
diagonally in the square center space
bounded by the splines, the spar and the
short stick. The resulting flaps of paper
are folded over the adjacent wooden
strips and cemented in place. The struc-
ture is now a hexagon kite with a square
hole in the middle.

The triangular box section is made by
equipping the edges of two paper strips
with cover strings. Drive four nails part-
way into a bench top to mark a rectangle
a foot wide and three feet long. Stretch
a cover string snugly around the four
nails and tie the ends together. Cut two
strips of paper 14 inches wide and 26
inches long. Slide one of the strips under
the rectangular loop of cover string and
center it with respect to the nails. Fold
an inch of the paper over the string at
the sides and cement it in place. Cut the
loop of string at the ends midway be-
tween the nails. The sides of the strip
are now reinforced with strings, the ends
extending from the four corners of the
strip.

Slit an inch of the paper, close to the
string, at the four corners and bend
the edge up into one-inch flaps. Prepare
the second strip in the same way. To
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assemble the strips to the body of the
kite, first make four small holes in the
paper of the body at the outer edge of
the splines, where they cross the spar
and the short stick. Thread the strings
of the paper strips through the holes
and tie them securely to the splines.
Cement the one-inch flaps of the strips
to the body covering. Finally, slip the
remaining spline into the bands of pa-
per, center it and cement it to the paper
strips. Centering is easy if the paper
strips have been marked with a right-
angled crease across the middle. The
kite can be suspended upside down by
strings attached to the ends of the cen-
ter spline while the cement dries.

Just before the kite is launched the
spar is bowed and fastened with a bow-
string, as in the case of a Malay kite.
The bridle is attached to the center
spline of the triangular section. When
a French war kite of these proportions
is flown in a wind of 15 miles per hour,
it will lift a payload of about two ounces
per square foot of sail area and will
exert a pull on the flying string of about
a pound per square foot.

The amount of lift a kite develops in
relation to the force of drag that tends
to pull it downwind—the lift-to-drag
ratio—increases within limits as the
width of the kite is increased in relation
to its length, a proportion known as the
aspect ratio. The aspect ratio of airplane
wings is about seven to one; they are
long and narrow. The French war kite
can be regarded as a triangular box kite
with triangular wings of comparatively
low aspect ratio. The aspect ratio can
be increased by using a spar that is
longer than the splines. This improves
the lift-to-drag ratio. The modification,
when carried to the extreme, results in
instability and also in structural weak-
ness unless the spar is made in the form
of a truss. We had great fun construct-
ing kites of various proportions and ob-
serving their performance.

To achieve maximum altitude we
would launch a kite and pay out as
much flying string as it would support.
When a pronounced sag developed in
the flying string, we would attach a sec-
ond kite and let it rise until the flying
string sagged again. A third kite was
then attached, and so on. The number
of kites that can be flown as a train is
limited only by the strength of the fly-
ing string. Occasionally the top kite of
the train is caught in an updraft and
lifted into a wind that blows in a direc-
tion that differs from the wind at the
surface. The entire train is then carried
skyward. On one occasion the upper-



most kite in one of our trains reached
an altitude of more than a mile. The
string spiraled downward so that the
top kite was directly above our heads. It
remained there for about an hour.

We fitted kites with various payloads
that could be dropped by parachute or
otherwise manipulated. For example, a
parachute can be attached to the kite by
a simple wire hook that has an extension
to serve as a trigger for releasing the
load. The trigger can be operated from
the ground by placing a paper cone,
called a messenger, around the kite
string and letting the wind carry it up
to the kite, where it strikes the trigger
and releases the hook [see bottom illus-
tration at right].

It is also possible to release loads and
operate camera shutters by means of a
fuse. To prepare the fuse soak ordinary
cotton twine in a solution made by dis-
solving as much saltpeter (potassium ni-
trate) as possible in a cup of water. Let
the string dry. When the string is light-
ed, it will burn without flame at about
three inches per minute.

To make a photograph by this tech-
nique tie the shutter release of a cam-
era in its closed position with a short
length of fuse. Stretch a rubber band
over the shutter release from the oppo-
site side, so that it exerts an opposing
pull on the release. Fasten the free end
of the rubber band to a convenient point
on the body of the camera.

Cut a length of fuse for the desired
time interval. If you want the shutter
to click in 10 minutes, make the fuse
about 32 inches long. Thread two inches
of this length through the fuse that ties
the shutter release and secure it with a
knot [see top illustration on next page].
The shutter will operate 10 minutes
after you light the free end of the 32-
inch fuse. The camera can be kept point-
ed in any direction by fitting it with a
wind vane.

The angle at which the kite meets the
wind can be increased or decreased
during flight by inserting in the bridle
a loop of string held closed by a trig-
gered hook or a fuse. When the loop is
released, it opens, increasing the length
of the bridle and so altering the angle
of attack. The modern kite-flier could
perform these and other operations by
radio control. Versatile radio receivers
that weigh less than an ounce and are
capable of obeying a number of com-
mands can be built with transistors.

The approximate height of a kite
above the ground can be determined
by multiplying the length of the flying

string by the trigonometric sine of the

bowstring
v

spar

cover
strings

A French war kite

paper
fasteners
=y

kite

"

~“cone secured to wire frame
with gummed paper tabs

Mechanism for releasing a payload

© 1969 SCIENTIFIC AMERICAN, INC

kite string/;;f'*,»--*

I
-

L

payload
hooked
to shroud
lines of
parachute

133



PROFESSIONAL NOTEBOOK

is a boon to engineers, architects, scientists
and businessmen. Finest black-calf hardcover
ringbinder contains graph paper, engineer's
mechanical pencil and fine German sliderule.
614" x 4,", a perfect size for pocket or glove

compartment. $10.95

SEIBERT

Walriar

a cumnlele vestpocket optical system

Remove the Emoskop from its fitted leather
case and it's a 30X microscope. A twist of
the wrist converts it into a 2.5X telescope.
Another twist and you have your choice of
magnifiers: 5, 10 & 15X. Perfect vestpocket
companion for the exacting professional and
scientist. 5 coated lenses, absolutely aplana-
tic and achromatic. Modern Photography calls
the Emoskop ‘‘...only magnifier worthy of

the name.” $14.95

1347 x 34",

A systematic program of walking is the best
way to maintain good health, high spirits and
mental equilibrium. MANPO/METER is the
indispensable companion on your walks (or
jogs!). It is built like a fine watch and is so
accurate it is used as an engineering tool
for measuring long distances. In unbreakable
plastic case with belt hook. $8.95
A FREE GIFT FOR YOU: our POCKET TOOL
KIT (in shirt-pocket vinyl case) if you order |
two or more |tems OUR GUARANTEE: has

|no "ifs,"”" or ''buts.” Return any item in { FREE l
10 days if you are not delighted. All mer- | GIFT l
chandlse |s %arameed one year for parts: |

haverhill
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1

584 Washington St., San Francisco, 94111 |
Amount |
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>
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Calif. residents add 5% tax
Postage and Insurance
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ADDRESS

|

|

|

|

|

My check for this Total is enclosed —— i
I

l

|
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{1 am entitled to receive a FREE TOOL KIT.

= | fuse:

cotton twine /! fuse

. kite string

impregnated 7. threaded
with 5a]tpet%’—\'__.g'wthrough cord

"pie plate”
aluminum

aluminum

‘l/p wire

vane

Fuse release for camera shutter

angle made between the kite, the end
of the string and the point directly be-
low the kite. We marked the string with
dabs of colored paint at 100-foot inter-
vals: red, yellow, blue, green and black
through the first 500 feet, then red-red,
red-yellow, red-blue and so on for the
next 500 feet. Thereafter we used com-
binations of three colors, four colors and
so on. To measure the angle we fas-
tened a protractor and a plumb bob to
a stick with a pair of sights on it [see
illustration below]. Multiply the calcu-
lated height by .96 to correct for the
error caused by sag in the flying string.

| For example, lhow high is a kite that flies

at an angle of 30 degrees on a 500-foot
string? The sine of 30 degrees is .5, and
500 times .5 times .96 is 240 feet.

The aerodynamic features of kites in-
vite innovation. We made several de-
signs, one of which gave us great satis-

faction until we learned that it had been
invented independently several times. It
occurred to us that the lift of a kite
might be improved by borrowing a trick
from the designers of racing sloops.
These boats have both a jib and a main-
sail. Aerodynamically the jib makes only
a small direct contribution to the for-
ward motion of the boat, but by direct-
ing a jet of air at the proper angle be-
hind the mainsail the jib increases the
effectiveness of the mainsail about three-
fold, according to the German yacht de-
signer Manfred Curry. The “wing slat”
of high-lift airplane wings is another ap-
plication of the jib principle. Why not
fit a kite with a pair of jibs? We decided
to do so.

The frame of our jibbed kite resem-
bles that of a Malay kite, consisting of a
crossed spline and spar. A strut extends
vertically from the cross to leeward and

roundheaded pin)

—

plumb borb\L# (any handy

weight)

Instrument for measuring angles
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GREATEST HITS!
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FOR THOSE WITH
AN ECLECTIC BENT

Booz-Allen Applied Research Inc.
provides a setting where more than 500
minds of many diverse disciplines seek
together to solve wide-ranging problems
in military and governmental technology.

Because the spectrum of projects is
broad, the pace swift and the responsi-
bilities heavy, personnel selection is
necessarily limited to the exceptional
scientist and engineer whose ability to
understand and communicate is
eclectic. But the rewards in professional
growth are the highest to be found in
the scientific community. A single year
of assignments ranging from program
planning to operations research;

from undersea communications to
astronautics; from urban transport to air
and water pollution, can provide growth
in experience equivalent to as much as
three years in industry or academic
research.

If you are interested in multidisciplinary
challenges and a new dimension of
fulfillment in your career, investigate
our rapidly expanding international
organization. For full information in
confidence, write Mr. KenW. Christians,
Director of Professional Appointments.

BOOZ . ALLEN

APPLIED RESEARCH inec.

135 South LaSalle Street—Room 1744/W
Chicago, Hlinois 60603, Phone (312) 372-1728

CHICAGO/KANSAS CITY/ALBUQUERQUE
WASHINGTON, D.C./LOS ANGELES

4 An equal opportunity employer
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is braced at the outer end by a pair of
bowstrings attached to the spline and
spar. The sails are made of thin, closely
woven nylon. A triangular keel sail re-
sembling a pennant is tied between the
strut and the bottom end of the spline
[see illustration below]. The triangular
mainsail is tied to the ends of the spar
and the bottom end of the spline, and it
loops over the keel. Two corners of each
jib are tied to the ends of the spar and
the top of the spline. The third corner
of each jib is tied loosely to the cross of
the frame. The jib sheets are adjusted
so that air flows over the lower surfaces
of the jibs and passes over the leading
edge of the mainsail. As in the case of a
sailboat, the optimum adjustment of the

jib No. 1
{

®)

keel

J

bridle

lines
ib No.

jibs varies with the strength of the wind
and must be altered experimentally for
maximum lift. The kite appears to de-
velop about twice the lift of a French
war kite at wind velocities up to about
12 miles per hour. We had been plan-
ning to make a series of wind-tunnel
tests of the jib kite, but our memorable
summer ended before the tunnel was
ready, and my collaborators returned to
school.

A note of caution: Always wear leath-
er gloves when you hold a kite string,
particularly if you use nylon. A running
string can burn and cut your hand.
Never fly a kite above the heads of a
crowd or on more than 100 feet of string
within a mile of an airport.

S Jib No.2

- ™)

keel sail

s . .
) mainsail
T—-—-—""\\

keel

sail

- %__ 7_;
\\\q;ib
////shezts

mainsail

A jib kite
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While this new Boeing 747
superjet was having its compasses
calibrated, it was rotated

on a gentle cushion of air.
Strategically placed air casters
beneath the plane lifted and
suspended the 362,000-pound
load, enabling engineers to swing
it easily with a small tractor.

The manufacturer of this air caster
transport system is Aero-Go, Inc., a
young Seattle firm. The basic unit of
the company’s air cushion system is a
donut-shaped inflatable air caster in
various sizes and combinations to
float specified weights. With a
surprisingly low level of air input

(the 747 was lifted with a mere 20

p-5.i. pressure) the casters work
together to lift loads three inches
from the ground, with a microscopic
film of escaping air acting as a
frictionless, stress-free bearing. The air
casters offer no resistance to side or
oblique motion and put virtually no
stress on floors, pallets, or cargo.

How to I

Air cushion systems can find many
uses around the airports of tomorrow.
Palletized cargo can be moved

from dock to plane with a minimum
of equipment, time, noise, and

cargo risk.

And airplanes themselves can be
eased quietly into hangars on a layer
of air—guided only by a small

truck. Air-supported pallets are also
being used for transport of heavy steel
building materials for autos and ships.

The realm of fascinating applications
for air devices is so broad that
Aero-Go engineers are having trouble
limiting their imaginations to

priority programs. Among the more
unique future projects is the designing
of an enormous air track to carry a
30-million-pound dome back and forth
between proposed twin stadiums.

Also on the drawing boards is a
heli-barge—a large cargo-carrying
barge operating on the air-cushion
principle. But instead of being pulled
by a tugboat, the barge would be
powered by a helicopter which would

ft a giant with 20 p.s.i.

land on its deck and use the air from
the rotors to lift and move the barge.

The sky’s the limit—three inches
off the ground.

The State of Washington is
proving to be a fertile field for
the exciting breakthrough
industries of the future. In
transportation, agriculture,
fisheries, oceanography, atomic
energy and many other areas, the
smart money is betting on the
State of Washington.

@-@l

STATE OF WASHINGTON

Governor

For business location information, write: Daniel B. Ward, Director, Department of Commerce and Economic Development, Olympia, Washington 98501
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Only one book club lets you keep up

comfortably with the whole spectrum of science
and save on the books you want

VICTOR GUILLEMIN

f
Tho Story O
qUAN ﬂ

With so many advances in so many scientific disci-
plines, how does one get the total picture? By let-
ting The Library of Science search out hundreds
of manuscripts, seek through dozens of technical

journals, to discover and offer

highest interest and significance. It's comfortable,
sensible—and a great money-saver, too.

NOTE: Retail price shown for each book.

60900. MATHEMATICAL HANDBOOK FOR SCI-
ENTISTS AND ENGINEERS. Second Edition.
Granino A. Korn and Theresa M. Korn. Out-
lines the math methods essential for accuracy
and speed in today’s applications. (Counts as
2 choices.) $25.00

53060. A HISTORY OF MATHEMATICS. Carl
Boyer. New and monumental presentation of
“the queen of sciences.” Adheres strictly to
math structure with emphasis on historical
perspective and detail. $10.95

53030. HISTORICAL ARCHAEOLOGY. Ivor Noel
Hume. The first handbook that tells how to
search for Colonial and post-Colonial relics
that may lie under a few inches of earth just
outside your door. $10.00

61120. MATHEMATICS DICTIONARY. Edited by
Glenn and R. C. James. Newly revised 3rd Edi-
tion defines over 7,000 math terms, concepts
and relationships. (Counts as 2 choices.) $17.

80640. THE STORY OF QUANTUM MECHANICS.
Victor Guillemin. The exuberant story of the
twentieth century’s most exciting scientific
development in a dramatic overview of the
current state of physics. $8.95

MATHEMATICY
DICTIONAR

only the books of

now?

Introductory offer:

Choose any 3

(values to $37.50)
for only $39°

with a short trial membership in

TheLibrary
of Science

r——————-— TRIAL MEMBERSHIP APPLICATION |y — 1

THE LIBRARY OF SCIENCE Front& Brown Streets, Riverside, N.J.08075

Please enroll me as a trial member, and send the
three books whose numbers I've indicated on this
coupon. Bill me only $3.95 plus shipping for all
three. If I am not delighted, I will return them
within 10 days, and my membership will be can-
celled.

* Three books for only $3.95

(write in numbers)
=NOTE: Some expensive volumes count as 2 choices.

selections during the next 12 months, always at
reduced member’s prices, plus shipping. I under-
stand that savings range up to 409, and occasion-
ally even more. Each month I will receive advance
reviews describing forthcoming selections, along
with convenient form for requesting alternate se-

NAME

ADDRESS,

lections or no book at all. For every 4 selections
purchased, I may choose a free bonus book. (This

|
|
|
|
I
I As a trial member, I need accept as few as 3 more
I
|
|
| introductory offer counts as the first selection).

CITY.

STATE ZIP CODE,

I 2954
L

Offer good in Continental U. S. and Canada only.
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Each month, our editors select and offer you the
most important books covering the broad spectrum
of science. The savings in time are enormous. The
savings in money range up to 40%. Free bonus
books, too. Add our present introductory offer—
and can you think of a good excuse for not joining

73900. RESEARCH AND DEVELOPMENT MAN-
AGEMENT: The Economics and Administration
of Technology. Daniel D. Roman. The first book
to cover comprehensively the logistics of man-
aging research and development. $10.00

70350. PROBABILITY THEORY AND ITS APPLI-
CATIONS. Vol. 1, Third Edition. William Feller.
Illustrates a broad variety of practical prob-
lems and the modern techniques for solving
them. $10.95

34100. THE APES. Vernon Reynolds. Profusely
illustrated, delightful and authoritative study
of man’s nearest relatives—the gorilla, chim-
panzee, etc. $10.00

74170. THE RIDDLE OF GRAVITATION. Peter G.
Bergmann.Masterful exposition of the general
theory of relativity by a physicist who worked
closely with Einstein. $7.95

41840. DAWN OF ZOOLOGY. Willy Ley. Fasci-
nating and entertaining history of the growth
of man’s knowledge of the animal kingdom.
Profusely illustrated. $7.95

81870. SYSTEMS ANALYSIS: A Diagnostic Ap-
proach. Van Court Hare, Jr. A major work on a
new discipline. Contains an abundance of
graded problems and exercises. $12.50

62100. MEN AND DINOSAURS: The Search in
Field and Laboratory. Edwin H. Colbert. Up-to-
date exposition of paleontology’s knowledge
of dinosaurs. Many new photos. $8.95

86500. THE WAY THINGS WORK: An lllustrated
Encyclopedia of Technology. Tells you and
shows you (with 1,071 diagrams) the way
mechanical devices work. ..

88060. THE YEAR 2000. Herman Kahn and An-
thony J. Wiener. Provocative picture of the
shape of the world we may expect only thirty
years from now. $9.95

40260. CONQUISTADORS WITHOUT SWORDS.
Leo C. Deuel. Engrossing first-hand reports of
some of the most exciting archaeological finds
in the Americas. $12.50

43200. THE EARTH. Carl O. Dunbar. The de-

velopment of the earth and the mystery of its

origins by the dean of American geolog;sts.
12.5



by Philip Morrison

SCIENTIFIC Stupy oF UNIDENTIFIED

FLyine OBJeCTs, conducted by the
University of Colorado under contract
to the United States Air Force. Edward
U. Condon, Scientific Director. Daniel S.
Gillmor, Editor. Bantam Books ($1.95).
More than a decade ago the political
struggles that are born of the fears and
the strengths of a great nuclear power
were made starkly clear in a thick Gov-
ernment document called In the Matter
of J. Robert Oppenheimer. That work
was unrelieved tragedy; its content and
its impact were fearful; even its form
was austere, unified, concentrated. Once
again the reader is presented with a
thick official volume of genuinely dra-
matic interest, describing another unique
episode of our times. This document,
however, is diffuse, cheerful, catholic,
discursively instructive and marvelously
illustrated. It is no farce but rather a
high and human comedy. In a curious
way the two dramas overlap.

This report presents the work of able
men, led by a wise physicist of high re-
pute, who have tried to bring order to
the disorderly, to make what sense they
could out of rumor and hard data, out
of cynical fraud and honest and coura-
geous observation. They have succeeded
brilliantly, building a monument to rea-
son, to experiment and to intellectual pa-
tience, modesty and candor. The heart of
their work is the careful study of about
60 unusual reports. Their chief data are
the accounts of eyewitnesses; their main
instrument is the tape recorder. The
thrust of the work, however, is not psy-
chological but physical. Each event is de-
scribed, and a set of sensible hypotheses
is tested against the data. Could the
object have been a balloon? Then seek
the data on upper-air winds. Was a
strong magnetic field used to stop an
automobile? Then compare the mag-
netic pattern of the automobile body
with that introduced into other cars cold-
formed by the same presses.

BOOAS

The Condon report on unidentified

flying objects, and other matters

The most interesting cases are the
ones that present photographic evi-
dence; these have been analyzed with
great penetration and alertness, mainly
by William K. Hartmann, a planetary
astronomer at the University of Arizona.
About a quarter of the photographs show
evidence of fabrication, a quarter are
mistakenly identified normal phenome-
na, a quarter simply present too little in-
formation (point sources or mere lumi-
nous blobs), and a quarter are clear
enough but lack supporting data for
analysis. Only two out of 35 photograph-
ic cases remained. Both of them are
events of 1950. In one “all factors. .. ap-
pear to be consistent with the assertion
that an...object, silvery, metallic, disk-
shaped, tens of meters in diameter...
flew within sight of two witnesses” (an
Oregon man and his wife). Fabrication
cannot be ruled out; the position of the
object in the same place below a wire
in two pictures suggests that it is the
small suspended model it resembles, yet
photometry of the pictures argues that
the object was far away, since its shad-
owed portion is brightened as though
by the scattering of light by the inter-
vening atmosphere. The second event,
which yielded 16-millimeter film, shows
two bright lights moving slowly across
a noonday sky in Montana. They were
not meteors (too slow) and not birds (too
steady); both aircraft and balloons re-
main possible but not compelling fits.

So the report goes. The investigators
do not contend that they have explained
away every event; they are too honest for
that. They nonetheless make a real try,
and overall they succeed wonderfully.
The whole work seems to show conclu-
sively that there is no prima facie case
for closer study; no one can think of
means that at any reasonable cost would
greatly increase our data on such scat-
tered, diverse and transient events. The
group tried out a few such schemes; they
didn’t work at all. The formal conclusion
is widely known, and it seems particu-
larly sensible and well supported: “Fur-
ther extensive study of UFO’s probably
cannot be justified in the expectation
that science will be advanced thereby.”
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Yet if specific ideas for new work appear,
let them receive consideration for sup-
port on their individual merits. No new
agencies, no big plans. New evidence,
better than any we now have, would be
needed to change this eminently con-
vincing view.

There are many amusing bits. “One
evening ...a most articulate gentleman
told us with calm good manners... [in]
some detail about how his wife’s grand-
father had immigrated to America from
the Andromeda nebula.” A piece of
celestial foil turned out to be radar chatft,
precisely identified by its makers as to
lot, color and material (1145 alloy, Ker-
styn lacquer, Acruanx C). It was “manu-
factured in Brooklyn, New York, US.A,
and not in some remote corner of the
galaxy.”

There is a large and interesting sec-
tion devoted to the physics of optical
and radar mirages, to atmospheric elec-
tricity and ball lightning, to the surpris-
ingly widespread use of high-altitude
balloons, to problems of perception and
so on. There is an outline of the prehis-
tory of the UFO’s, with a rather dis-
couraging burden of misleading and
even false citations on the part of many
authors. There are 32 pages of photo-
graphs and many sketches and graphs.

One comes away edified, amused, ad-
miring and well satisfied. The report
documents how much the story is linked
to the national mood of the early 1950’s:
the concerns of secrecy and the near-
paranoia. Even the cogent report made
in 1953 by a panel of distinguished phys-
icists, headed by H. P. Robertson, spon-
sored by the Air Force and the Central
Intelligence Agency, reflects that ex-
traordinary atmosphere. It is sad that the
CIA still insisted on censoring the old re-
port, so that we learn of Dr. , and
even “The opened the meeting.”
(Never mention the in print, the
rule must say out there at headquarters.)
Careful students will be interested to
see an overlap in minor cast between
the Oppenheimer hearings and the UFO
report. “Foo-fighters” and the cabal
called ZORC are both the expertise of
one professor. It is clear that a profound
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Subject:

PROGRESS

Report of the World Land Reform
Conference, 1966

The purpose of the Conference was to
provide the Governments of Member
States with a forum for the reappraisal
of their programme for adjusting agrar-
ian structures, with an opportunity for
a thorough assessment of their current
policy in the light of economic and
social development plans, and for the
exchange of experience in the planning
and implementation of land reform pro-
grammes. 92 pp. $1.50

Urbanization, Development
Policies and Planning

Problems and policies connected with
urban growth and population distribu-
tion. 130 pp. $2.00

Compendium
of Social Statistics, 1967

Statistical tables include: Population
and vital statistics; Health conditions;
Food consumption and nutrition; Hous-
ing; Education and cultural activities;
Labour force and conditions of employ-
ment; Income and expenditure; Con-
sumer prices. Bilingual (Eng./Fr.) $8.75

UNDP/Project Descriptions

Commencing January 1969, the United
Nations Development Programme
(UNDP) will make available on a
subscription basis UNDP Project De-
scriptions, containing comprehensive
information about UNDP-assisted proj-
ects approved by the Governing Council.
Twice a year, the UNDP Governing
Council meets to approve assistance for
a large number of pre-investment proj-
ects. The projects range from those
aimed at developing agricultural and
mineral sectors to those intended to
create advanced industrial complexes,
transport systems and public adminis-
trations.

The descriptions are intended as a use-
ful source of information for Govern-
ments, the general public, financing
institutions and, particularly, commer-
cial firms and organizations interested
in contracting opportunities.

Each project description will be about
five pages long and will include infor-
mation on the need for the project
within the context of the economic
situation of the country concerned; the
estimated duration of the project; the
objectives of the project and their rela-
tion to the national development plan;
the work plan of the project; expert
services, contracts and equipment
needed for the project’s implementa-
tion; and the budget. Annual subscrip-
tion (two issues), $65.00

UNITED NATIONS PUBLICATIONS
New York, N.Y. 10017

140

| mistrust both of official science, with its
link to weaponry, and of the secret op-
erations of our government suffuses the
| subject. UFO’s are not wholly but in
large measure a creature of the American
scene circa 1950.

One would have welcomed a brief
factual account of the scale and scope
of the flying saucer “industry,” which
today touches even some national publi-
cations, and represents a vested interest
in mystery. Condon urges that teachers
not allot credit for schoolwork on cur-
rently available UFO books and articles.
He has made that recommendation out
of date; this report is well worth broad
study at many levels. Finally, it is clear
that the UFO reports should not be met
by ridicule but by real interest. They are
often the faint echo of science itself, men
seeking order in a world made anxious
not only by fancied fears but also by
real ones. That among the witnesses are
madmen, rascals and jokers does not
single out any group. Science is the
stronger for this sincere and expert effort
to deal with a public concern.

' 'HE MACHINE AS SEEN AT THE END OF
THE MEcHANICAL AGE, by K. G.
Pontus Hultén. The Museum of Modern
Art ($6.95). The text of this book is fresh
enough, but the book is literally canned.
That is, it is bound between Swedish tin-
plate covers, embossed and color-litho-
graphed, as apt as they are durable. It
is the extensive catalogue by a direc-
tor of the Stockholm museum who as-
sembled the art exhibition presented in
New York in the fall of 1968. He him-
self observes that it is in no sense a his-
tory of the machine; rather, it is “a col-
lection of comments on technology by
artists of the Western world.” It is full
of interest, less for the novelty of the
works illustrated and explained than for
the fact that it displays so many diverse
works, most of which are well known in
other contexts. It begins, of course, with
a Da Vinci: one design for a pseudo-
helicopter. Then comes one of Diirer’s
fantastic engravings of the cogwheel
chariots for Maximilian’s paper triumph.
The marvelous Neuchitel automata, real
| clockwork figures that draw and write,
| are here, and a strange drawing out of
the Italian baroque depicting a street
knife-sharpening machine drawn as a
man with mechanical parts.
|  There is a Shortshanks etching of
| English gentry walking in steam-driven
| boots, and a familiar anonymous Vic-
torian lithograph of a Mr. Golightly
astride a “steam riding rocket.” None-
theless, it is the 20th century that makes
the collection. Most of the newest ideas
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of the artists are seen to be very early:
there is an art nouveau wax model of a
double-decker automobile that could be
influential today; op-art illusions, the
collage and assembly of machine parts
and junk, and kinetic sculpture (the ex-
ample shown is standing waves in a
vibrating metal rod) all began before
1920. The most dazzling concept of this
period is the fantastic plan of Vladimir
Tatlin for a monument to the Third In-
ternational in Moscow, which was to
have been a slanted steel helix 400
meters high holding four glass-walled
chambers of decreasing size, the largest
rotating in a year and the smallest daily.
“The technical potential to build it did
not exist,” and even a wooden model 15
feet high was lost, although it was much
praised.

The last word also appears, in the
self-destructive mechanical comedies of
Jean Tinguely, the still or animated tab-
leaus of Edward Kienholz (for example
“The Friendly Grey Computer,” an elec-
tronic chassis in a rocking chair with a
doll’'s legs protruding) and the reactive
electronic devices of the organization
Experiments in Art and Technology. Al-
together this is a summarizing document
of a catholic taste. The philosophical
analysis of the writer will not always ap-
peal to readers who are closer to the
machine than he is.

T\IlLlTARY AND CIviLIAN PyYROTECH-
1 Nics, by Herbert Ellern. Chemical
Publishing Company Inc. ($15). Here is
an expert’s account of a living technol-
ogy—up to date, coherent and personal.
Pyrotechnics is much older and much
more conspicuous than its present eco-
nomic scale would suggest. For this
author pyrotechnics can no longer be
fireworks alone; he defines it as the tech-
nology of the use of the heat and other
products from the mainly nonexplosive
exothermic reactions of solids. The core
of the industry is the safety match; the
400 or 500 billion matches made each
year in the U.S. exceed by tenfold
the value of all fireworks production.
Matches are treated here both historical-
ly and technically, although with little
attention to the purely mechanical side
of their mass production. The safety
match has no secret formula; its success-
ful manufacture is based on skillful man-
agement of the process, on maintaining
uniformity in the face of small changes
in materials and external conditions. The
key is in details such as the use of the
best hide glue (“Peter Cooper Grade Ila
extra with foaming properties”); other
binders can form a hardened skin over
the pyrotechnic material, and the match
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A SOURCE BOOK
IN MATHEMATICS,
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Edited by D. J. Struik

75excerpts fromthe writ-
ings of Western mathe-
maticians from the thir-
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Source Book in Chemistry,

1900-1950

Edited by Henry M. Leicester.’
$11.95

A Source Book in Chemistry,
1400-1900

Henry M. Leicester and Herbert
S. Klickstein. $10.00

From Frege to Godel: A4 Source
Book in Mathematical Logic,
1879-1931

Edited by Jean van Heijenoort.

$18.50
Source Book in Geology,
1900-1950
Edited by Kirtley F. Mather.
$12.50

A Source Book in Greek Science
Morris R. Cohen and I. E. Drab-
kin. $9.00

A Source Book in Physics
William Francis Magie. $10.00

A Source Book in the History

of Psychology

Edited by Richard J. Herrnstein
and Edwin G. Boring. $13.75
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Other Related Books

Partners in Science: James Watt
and Joseph Black

Edited by Eric Robinson and
Douglas McKie. $12.50

Reflexes and Motor Integration:

Sherrington’s Concept of

Integrative Action

Judith P. Swazey. Harvard Mon-

ographs in the History of Science.
$6.50

Collected Works of Count

Rumford: Volume II: Practical

Applications of Heat

Edited by Sanborn C. Brown.
$10.00

A History of Japanese Astronomy:
Chinese Background and Western
Impact

Shigeru Nakayama. Harvard-
Yenching Institute Monograph
Series, 18 $10.00

The Copernican Revolution:
Planetary Astronomy in the
Development of Western Thought
Thomas S. Kuhn. $5.75

Galileo in China: Relations
through the Roman College
between Galileo and the Jesuit
Scientist-Missionaries (1610-1640)
Pasquale M. D’Elia, S.J. Trans-
lated by Rufus Orlando Suter, Jr.
and Matthew Sciascia. $4.00
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The fascinating life and
work of Rufus Porter,
itinerant painter, inventor,
journalist and founder

of Scientific American

ufus Porter

YANKEE PIONEER

by Jean Lipman

Foreword by Gerard Piel, Publisher,
Scientific American. Preface by John
1. H. Baur, Director, Whitney Museum
of American Art. With 22 plates in full
color and 102 in black and white.

$12.50, now at your bookstore, or from
Clarkson N. Potter, Inc./Publisher

419 Park Avenue, S.,
New York 10016

G. Ledyard Stebbins
THE BASIS OF
PROGRESSIVE
EVOLUTION

A distinguished geneticist
relates the extraordinary
biological discoveries of the
last two decades to the basic
questions about the origin,
evolution and relational
order of life. $5.00 cloth,
$1.95 paper.

At all bookstores or
The University of

North Carolina Press
Chapel Hill, North Carolina 27514
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explodes instead of burning smoothly.
Good glue solidifies quickly and revers-
ibly on mere cooling, without need for
evaporation.

The dual title goes with a rather
tough-minded text, rich in references to
devices with names such as the “Mark 1
Smoke Pot (HC).” The duality lies deep
in the material itself: the toy percussion
cap and the old-fashioned gravel-filled
fireworks torpedo are made with Arm-
strong’s mixture: potassium chlorate and
red phosphorus mixed wet with a starchy
binder. Mixed with ether the same stuff
can be loaded into larger containers and
evaporated to dryness. Then it is a “for-
midable antipersonnel mine” that is ex-
ploded by slight pressure. The same re-
action is the ingenious basis of the safety
match. There the phosphorus is in the
striker and the chlorate is in the head. (It
is a “most fascinating . .. solid reaction.”)
The subtlety of a reliable safety match
is made quite clear, if only qualitatively.
The fuel is the glue, there are necessary
catalysts, particle size is controlled and
a sintered residue is designed in.

A special chapter by an English semi-
pro, Rev. Ronald Lancaster, discusses
fireworks for pleasure. That industry is
too small to afford much research, un-
like the military side. Fireworks history
is divided into periods by the materials
available: first black powder alone, with
movement and propulsion the aim; then
the rise of chlorates and pure chemicals
in general, leading to the glories of color;
next the bright light given by aluminum
and magnesium and finally titanium.
(A high output of white light depends
on high energy release and on a very re-
fractory solid oxide.) There are formulas
for all the favorite fireworks: Roman
candles, sparklers, Bengal lights, foun-
tains and stars. Potassium chlorate, met-
al powders and the special ions for color
pretty much span the field. The great
Tokyo family Marutamaya launches pa-
per shells full of marvelous colored stars
1,000 feet into the air from mortars a
yard in diameter.

Tear gas? Orthochlorobenzal malono-
nitrile, the irritant, is made up in sugared
pellets. These are embedded in a mix-
ture of nitrocellulose, chlorate and sugar.
The reaction disperses the stuft as a dis-
tressing aerosol. (Chemical Mace is a
nonpyrotechnic liquid dispersion of very
fine particles.) The great flashes used to
illuminate the terrain for night photog-
raphy from high altitude call for a mix-
ture of atomized aluminum (uniform
grains 20 microns in diameter) with per-
chlorate and barium nitrate. A very
large flash uses 100 kilograms of the

mixture and yields for some milliseconds
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the luminous power of a few million gar-
den flood lamps. Somehow this work, in
which intelligence enlivens a technical
and even esoteric topic, is a microcosm;
within it death and delight stand very
close. Even so special a technology can

imply an epoch.

HE GERM-FREE ANIMAL IN RE-
searcH, edited by M. E. Coates. Ac-
ademic Press ($11.50). Prepare a large
worktable with a circular manhole in the
center. Cover the table with a tent of
thin polyvinyl film. Seal off the hole with
a polyvinyl jacket, within which a man
stands, his arms in sleeves ending in
tight gloves for his hands. All interior
surfaces are sterilized with a spray of
dilute peracetic acid. Carefully filtered
air is fed in at a slight positive pressure.
That bulging transparent tent is now an
isolator within which a man is free to
rear and care for a colony of laboratory
animals, which he must supply with
carefully heat-sterilized food and water.
With this ingenious, inexpensive and
flexible scheme many laboratories can
now raise individual animals—animals
known to be a single organism, not, like
ourselves, an entire ecology.

The book presents a set of papers by
authors from Britain, the U.S. and the
Continent reviewing the state of this
particular line of mammalian research.
The implications for the study of the
immunological system are evident.
Moreover, these animals harbor no in-
testinal microflora, so that the role of
such important symbionts can be seen.
Indeed, ruminants, which are particu-
larly reliant on bacteria for their diges-
tive processes, have never yet been
raised germ-free beyond the milk-fed
stage. Sixteen vertebrate species have
been reared, from the chicken to the
burro. Germ-free mice have gone
through nearly 30 generations. Rats and
mice outlive their conventional counter-
parts, even though they die mostly of
conditions associated with the chronic
bowel disturbance common to germ-
free rodents. All four laboratory rodent
species—rat, mouse, guinea pig and rab-
bit—“happen to be those in which co-
prophagy is a way of life.” These four
species and the quail are the only ones
to have been carried through several
generations.

The larger questions are still far from
settled. The animals have little antibody,
but they can still respond quickly to de-
liberate infection. Restored to the in-
fectious world, they generally survive
the shock well. Subjected to ionizing
radiation, they show considerable re-
sistance, probably because they are free



dirty a river. Or foul the air. In fact, these
days they are being done by some of the best-
intentioned people in the world.

They are being done with such increas-
ing frequency, always in the name of “prog-
ress,” that you could be reading about “the
way it was” even before 1990. Whether that
ever happens depends on what we all begin
to do in 1969.

At NATURAL HISTORY, we want to
make certain we don’t ever have to change
our name to ‘Ancient History.” That’s why
we want you to begin your trial subscription
with a free copy of ‘The Unforeseen Inter-
national Ecological Boomerang,” a special,
just-published supplement.

For the first time in history, leading
experts have brought together a world-wide
picture of the effects of new technologies on
the environments of underdeveloped nations.
The picture isn’t a pleasant one. Because un-
derdeveloped nations are catching up with
the industrial nations in at least one respect.
They are upsetting the ecological balance of
their environments at an ever-increasing rate.

an honest-to-goodness

APRIL 1990

: ﬂat\l"a\ Yistwo ry

The Way tWas:
Clean Air,
Clean Water

a sense of nostalgia?

Nobody really wants to kill a lake. Or

ecology might help to alleviate.)

The mess is unprecedented. For a mil-
lion years, Professor Commoner explains,
human beings have survived on earth by fit-
ting into a life-sustaining environment, tied
together with animals, plants, microorgan-
isms, soil, water, and air in an elaborate net-
work of mutual relationships. But now that
ecological network has been severed in many
places — by smog and sewage, insecticides
and detergents — always accidentally, never
maliciously.

The New York Times describes Science
& Survival as “an enlightening and important
work.” But most of all, it is a warning and
a call to action. How far down the road to
self-extinction we have traveled already isn’t
fully known. But Professor Commoner’s
book suggests what can be done to avert the
ultimate blunder — what each of us can do
now to insure that mankind has a future.

... plus a free first issue of
NaturaL HisTory

Along with the Ecological

Supplement and Science & Survival, the cou-
pon will bring you a free, trial issue of the
current NATURAL HisTorY. By now, you
know that ecology is one of our major con-
cerns. But there’s much more in store for you
in NATURAL HisToRY, published by The
American Museum of Natural History. In any
issue you may be transported back 40,000
years to the Ice Age, or 200 feet down a coral
reef, or millions of miles out into space. You
may be taken under the lens of a microscope
to marvel at the busy life of an amoeba, or
under the quite different lens of an anthro-
pologist studying the many different ways of
being human. What we can’t say in words
we put into pictures — photographs, draw-
ings, maps, charts, diagrams — that add
color, dimension, and clarity to nature’s
wonders.

Keeping every one of those wonders
alive is important to all of us — through 1990
and beyond. You’ll share many of them dur-
ing the year ahead if you return the coupon
now. Your free supplement, free book, and
free trial copy will be sent right away.

r"_""__________——_—l

| NATURAL HISTORY MAGAZINE
33 West 77th Street, New York, N. Y. 10024

unprecedented offer. ..

After reading ‘The Unforeseen Interna-
tional Ecological Boomerang,” you’re going
to want answers to the broader, world-wide
questions posed by our polluted environment.
You’ll get many of them in Barry Common-
er’s book, Science & Survival, which will also
be sent free with your trial subscription. (This
kind of unprecedented free offer seems ap-
propriate, considering the unprecedented
mess which your informed concern with

Please send me a free copy of your Ecology Supplement, a free copy of Science & Survival, I
and a free trial issue of NATURAL HisTORY. Enter my subscription for one year (10 issues) at
$7 beginning next month. (If T decide that NATURAL HISTORY isn’t for me, I may cancel
my subscription without obligation.) I understand that I will also be enrolled at no extra I
cost, as an Associate Member of The American Museum of Natural Hlstory, which en-
m]es me to two gift books a year, special discounts at the Museum Shops and other benefits. I

Check enclosed [] Bill me []

Name.

Address.

City. L.State. ...l Zip........... I
Offer available to new subscribers only.

———— ————— e o e e e ]

l"
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‘ AN AMBITIOUS
AND FIRST-RATE
BIOGRAPHY that portrays

not the achievements of New-
ton in optics, mathematics,
chemistry and scriptural exe-
gesis, but Newton the deeply
complex man, his inner drives,
his personal life.”

—Publishers’ Weekly

In broader terms, A Portrait
of Isaac Newton is an exami-
nation of both the development
of genius and its relation to
its product. As such, it pro-
vides a whole new dimension
to our understanding of New-
ton and illuminates the direct
effects of his personality on
the subsequent evolution of
Western science.

“I am terribly impressed by
Frank Manuel’s Isaac Newton
book. It is a triumph, a perfect
fusing of broad philosophical
vision and meticulous scholar-
ship.” —A. H. Maslow

Nature magazine comments on
Frank Manuel’s earlier book
on Newton, the Historian
(Harvard, $7.50) : “it is rare
indeed to see such an uncom-
mon combination of
immense erudition
andprofound histori-
cal and human insight.

PRESS

79 Garden Street
Cambridge, Mass, 02138
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from the complications of infection once
radiation has damaged the fast-growing
cells of the antibody-forming system.
Germ-free rats can develop spontaneous
tumors, which brings up the fact that
they cannot be guaranteed to be virus-
free from the womb. Indeed, electron
microscopy has shown virus particles
within germ-free mice that look identi-
cal with the virus of mouse leukemia.
Such mice can develop a spontaneous
leukemia, which is judged to be viral.
They inherited the alien genetic code
after all.

SOIL ANmmaLs, by Friedrich Schaller.

The University of Michigan Press
($1.95). Charles Darwin was a pioneer
in the study of the hidden life of the
soil. There in the deep green lawn of
Down House one can see the heavy
stone that sinks decade after decade as
the soil of the garden is imperceptibly
churned by the random passage of earth-
worms. This fascinating little paperback
by a German zoologist views the subject
from our decade. The census of the soil is
complex; it is plain that microorganisms
and earthworms play a major role, but
the wide variety of roundworms and
springtails and members of many orders
of life are now recognized to be impor-
tant, particularly for the formation of
that enigma, humus. The laws of scale,
which suggest that animals metabolize
roughly in proportion to their area, tend
to favor the work of the smaller crea-
tures over that of the large and long-
lived earthworms.

The blind earthworm, like many of
the soil beasts, hates light. It is especially
vulnerable to ultraviolet and its skin is
filled with warning light receptors (not
in eyespots but all over, although they
are more numerous at the front end).
The blind soil predators seek their prey
by being “constantly on the move,
touching everything in their path...and
putting their ‘noses’ into every crack.”
Some victims develop splendid defenses,
such as the pill bug, the unrelated pill
millipede and the big armadillo, all con-
verging on the same hopeful solution of
rolling up into a hard-shelled ball. Most
remarkable is the natural history of love
among the soil animals. Scorpions lock
into a dance that may last for hours,
until the male, who for unknown reasons
stings his mate’s claw joint from time
to time, plants a small winged rod into
the ground. He drags his partner across
the rod, a trigger springs and two drops
of sperm enter the female aperture. The
humble silverfish instead begins his
dance by blocking his mate’s way; final-
ly he crosses her path with a few threads
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of web that bear a spermatophore. Rush-
ing past, she feels the threads brush her
raised abdomen and at once begins to
search for the essential packet. Spring-
tail males plant a whole garden of a hun-
dred stalked seminal flowers. This style
of transferring the genetic code is pos-
sible in the soil because it is damp there,
and the sperm does not dry out. It rep-
resents a design intermediate between
the external fertilization common in the
waters and the true internal copulation
of most animals that live in the dry air
above the surface.

THE Inpus CiviLIZATION, by Sir Mor-

* timer Wheeler. Cambridge Univer-
sity Press ($2.95). Large gatefold maps
and plans of great clarity in this paper-
back edition compensate the reader for
the absence of the color plates that we
had in Sir Mortimer’s more popular 1966
version of his unending narrative of the
rise and fall of the Harappan culture.
The entranced reader of this dazzle of
inference will not want to do without his
most up-to-date and enlarged version of
the now classic story. The author still
holds that it was probably the Aryan
conquerors, and not solely the recur-
rence of floods, that brought an end to
the city of Mohenjo-daro; he invokes
Indra, the war god of the Rigveda, who
“rends forts as age consumes a garment.”
Subtle difficulties arising from carbon-
14 dates are considered, and the deci-
sion is given that “the nuclear cities. ..
were founded sometime before 2400 B.c.
and...endured... to the eighteenth cen-
tury.”

A}STRALIAN ABORIGINAL PORTRAITS,
by Charles P. Mountford. Cam-
bridge University Press ($11.50). The
author-photographer has spent many
years wandering desert and strand with
the original Australians. In this book he
presents some 40 sensitive photographs,
mostly portraits of individual men,
women and children, people he has
come to know. He tells us briefly about
each subject’s walk of life and the mood
at the time of the picture. The result is
beyond ethnography: it gives us a rare
chance to see humanness exhibited in a
cultural setting different from our own
by 10,000 years. Here is a good child,
there a pouting spoiled girl. Now one
sees a young man, stoic face set hard
10 minutes after passage into manhood
through the frightening and painful rite
of circumcision. There is an artist
crouched intently on the sand where he
is drawing a rich ornament of concentric
circles. A sequence of painted Melville
Island mourners ends the collection.
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Even if you don’t use
our planes,
please use our people.

More than 18,000 people in 56 countries around the world work for
Lufthansa.

What can they do for you?

They’ve got a lot of experience helping a lot of other travelers. With a
lot of pressing problems.

One was a lady who —10 days after the loss — asked Lufthansa to find
the camera she'd mislaid in a New York cab.

Then there were the Japanese businessmen, lost in Cairo, who got
their bearings from Lufthansa. Naturally, in Japanese.

Still another was the man who flew into Johannesburg with a tooth that
was killing him. (We got him a temporary filling from the best dentist in
town.)

None of these people, in fact, was a Lufthansa passenger.

None of them had to be.

But we think that they might be Lufthansa passengers now.

& Lufthansa
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Putting a finger on a criminal sus-
pect has become a lot easier in
Baton Rouge since the MIRACODE®
System by Kodak went on the po-
lice payroll.

Let a citizen outline six or seven
characteristics of the felon who
victimized him, press a couple of
buttons, and there on the screen

The informer.

flash the “mug shots’ of only those
criminals fitting the suspect’'s char-
acteristics. Identification is quick
and apprehension can be even
quicker.

Funny thing is that the MiracoDE
System wasn't designed for police
work. Rather, it was designed to
provide business with the fastest
system ever devised to get infor-
mation in or out of the files in sec-
onds. And itworks thatway, thanks
to microfilm.

-.

It does seem a crime not to use

itin your business, doesn't it?

For details, contact: Eastman
Kodak Company, Business Sys-
temsMarkets Division, Department
PP-4, Rochester, New York 14650.

And ask about The Informer.

®Miracode is a trademark for equipment used in a
coded input, retention, access and retrieval system
designed and produced by Eastman Kodak
Company.

=RECOPRDFK Microfilm Systems by Kodak
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It’s only as good as what goes into it.

This one is nonwoven made with Avisco® rayon.

So it's strong enough to hold up through several
trips to the beach. Yet, inexpensive enough to throw
away after a couple of exposures.

Still, the throwaway bikini is just a drop in the
bucket when it comes to nonwoven disposables made
with Avisco rayon (a strong but inexpensive fiber
put together in a strong but inexpensive way).

There are also nonwoven sterile hospital gowns
and linens that only get used once. Colorful dresses
and coats that multiply a woman’s wardrobe without
subtracting from her budget. Washcloths and
golf towels that don’t get stored away when
they’re wet. Industrial work clothes that don't
clean you out with cleaning bills.

They all have different requirements.
Avisco rayon can meet them all because it’s
man-made. To practically any specification.
Extra strong. Extra colorful. Completely
clean, completely designable, and
completely predictable.

So if you have a problem to dispose of,
Avisco rayon can help you out. Just ask
us. Empire State Building, New York,

N. Y. 10001.

AVISCO FIBERS

American Viscose Division

|
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Sooner o Iateﬂsomhwhere. sometme some nice little'old fady” “5.0"+ ‘?
is going to tap bumpers with you in a parking lot’ T
Be prepared,
If you're buying a new car, make sure you getone with a
color-coordinated rubber bumper (that's why you'didn't notice ity
Union Carbide research scientists sat down and puzzled ouf a good way to
make a molded urethane rubber bumper. A bumper that won't chip, crack, rust.
A bumper that's wrinkle-free. And quiet as can be.
Bumpers aren’t our only automotive business.We make
everything from plastics for radda ng and interiprs, to chemicals
for carpeting and tires, to solvents for paints, to hydraulic fluid for
brakes; to PRESTONE antifréeze apd summercoolant, | -
e ! , . Back to bumpers,Drive carefully Watchout = |+ b P, UNION
Wit rthaolherg uy. And get a car with a bumper bumpar : CARBIDE
5 \- toaaveyour umperbumps . P -
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