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How an oil company used
First National City Bank to get
a line on potential acquisitions,
financing for a fertilizer plant,
worldwide market data...

...and 10 more services that might give you an idea or two

1. Acquisitions

When the company consid-
ered purchase of properties
producing oil and gas, Citi-
bank's Petroleum Engineer-
ing Staff analyzed their
potential loan value, advised
company which of several
purchase methods would be
best. Citibank's Petrochem-
icals Specialist helped find
prospective customers for a
company subsidiary, also
set up meetings with poten-
tial joint venture partners.

2. Long-term financing
When the company entered
a joint venture with a major
overseas concern to manu-
facture fertilizer, the bank
helped arrange long-term
financing. Citibank secured
registration with the foreign
government to provide repa-
triation base.

3.Industry analyses
Citibank Petroleum Econo-
mists worked with company

FIRST NATIONAL CITY BANK

399 PARK AVENUE, NEW YORK, N.Y.10022 - MEMBER FEDERAL DEPOSIT INSURANCE CORPORATION

analyzing worldwide supply
and demand for petroleum.
Citibank also studied need
for solid and liquid fuels by
the aerospace industry, sup-
plied information on mar-
kets for petroleum products
in West Africa.

4. Revolving credit-term loan
Citibank headed a multi-bank
revolving credit in nine fig-
ures for the company. As
agent, Citibank conducted
negotiations with the com-
pany, prepared credit agree-
ment which provides for
funding of money into a long-
term loan, handled money
flow between banks and
company.

5. Specialized studies

When the company planned
to establish offices in Brus-
sels, Citibank made a study
of costs, including rentals
and real estate, local sala-
ries and fringe benefits for
employees. Citibank advised

on possible acquisitions in
oil producing and marketing
areas and the requirements
of countries offering explo-
ration concessions.

6. Money mobilization

The bank designed the oil
company’s system for col-
lecting cash from the bulk
terminal level on up through
its industrial sales.

7. Major foreign expansion
When the company planned
a multimillion dollar petro-
chemical project abroad,
Citibank suggested several
methods of financing, remit-
ted capital funds, helped
transferred employees find
housing, set up banking ar-
rangements for company
and its employees.

8. Evaluated local banks

As company began operat-
inginnew locations, Citibank
analyzed facilities of its
branches and correspond-
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ents, in light of company’s
needs, and supplied a report.

NOTE: With more than 300
branches in 46 countries,
and manymore affiliates and
correspondents, Citibank's
global coverage is complete.

9. Invested Eurodollars

The company sold a multi-
million Eurodollar bond is-
sue. Citibank's foreign
branches helped company
channel the proceeds into
short-term investments un-
til permanently invested.

10-13. Other Services

Citibank handled dividend
payments, was trustee for
employees’ Thrift and Pen-
sion Plans, consigned over
$250,000inTravelersChecks.

We welcome inquiries about
the many ways your com-
pany can use First National
City Bank.
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Ever try to borrow a cup of protons?

There are some things a physics department
should never run out of. Protons. Deuterons. Neu-
trons. Alpha particles. Electrons. Photons.

Accelerators once produced these particles only
for big universities, big research facilities. No
maore. A modern Van de Graaff system now sells
for less than $25,000, and if your department
doesn't have one, we'd bet you didn't know that.

As a teaching machine, the Van de Graaff acceler-
ator—and we mean even the smallest one —
duplicates the classic experiments that form the
basis of modern physics...gives graduate stu-
dents the opportunity to do physics.

The complete line of Van de Graaft ac
Write High Voltage Engineering Corparation, Bu

But such an accelerator is more than a teaching
machine. The smallest Van de Graaff produces
particles up to 400 KeV, and is a superb source of
neutrons, charged particles, and photons at sev-
eral controlled-by-you energies. Many a thesis is
based on original research performed with one.

We don't mean to discourage larger machines.
Our biggest tandem accelerators produce 32 MeV
protons. But if you're thinking of your first acceler-
ator, think small. And fill your own cup.

HIGH VOLTAGE ENGINEERING

escribed in our General Catalog
husetts, or Amersfoort, The Netherlands
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Western Electric plots short cuts to probability

The answers to many questions in
statistical quality control are
based on the cumulative binomial
distribution:
n:

P{ms°}= >_:o m!(n—m)!

In practice, binomial problems
are usually solved by resorting to
analytical approximations and,
cumbersome tabular methods to

reduce the computational burden.
Because quality control is of
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such paramount importance to
Western Electric, and because the
communications equipment we
make for the Bell System is subject
to increasingly higher quality re-
quirements, the approximationsare
of decreasing value. Accordingly,
our engineers have developed a
nomograph which virtually elimi-
nates computation, facilitates eval-
uation of alternative solutions, and
permits direct solution of some
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problems not otherwise directly
solvable, except by approximation.
We have found it extremely useful
and timesaving, and we felt that if
you are engaged in work requiring
statistical analyses, you might, too.

If you are so engaged, the use-
fulness of the nomograph is evi-
dent. If you are not, we ask you to
consider itonlyas another example
of the ingenuity Western Electric
brings to its manufacturing job in
the Bell System, which in turn is
part of the reason America’s tele-
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A THIRD GENERATION OF BREEDER REACTORS, by T. R. Bump
As more uranium is consumed, fuel-breeding reactors will become more attractive.
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automatic:
with cueing control and
high performance features
for only $5450

This exceptionally handsome,
precision-built unit merits com-
parison with the finest, most ex-
pensive automatic turntables.
Features a beautifully designed,
lightweight, tubular tone arm
with fixed counterbalance. Cue-
ing and pause control lever, usu-
ally found only in higher priced
models, moves tone arm on or
off any groove with perfect safe-
ty to record and stylus. Built-in,
calibrated gauge adjusts stylus
force for correct tracking. Plug-
in shell, with precision bayonet
fitting, accommodates the latest
cartridges. The 50 Mark II is one
of five new Garrard models. For
complimentary Comparator
Guide write Garrard, Dept. AE-16,
Westbury, N.Y. 11590.

PRICE LESS BASE AND CARTRIDGE.

THE COVER

The photograph on the cover shows an array of solid-state diodes that emit
intense, distinctly colored light when an external voltage is applied
across them (see “Light-emitting Semiconductors,” page 108). Each diode
consists of a tiny crystal of a semiconducting compound mounted at the
center of a gold-plated disk, which serves as a positive electrode. The disks
are about eight millimeters in diameter, and the crystals are about a third
of a millimeter across. The thin gold-plated wires that serve as negative
electrodes pass through insulating plugs in the disks (dark spots) and con-
tact the crystals from above. A mesh screen placed between the diodes
and the camera has spread out the image of each source into four broken
prongs of light. The number of bright spots in each prong depends in
part on the intensity of the source. The crystals themselves appear yellow
in the photograph because the light from them has overexposed the film.

THE ILLUSTRATIONS

Cover photograph by Sol Mednick

Page Source Page Source
26-29  James Egleson 74 Eric Oxenstierna (top),
30-31  Argonne National Labora- Antikvarisk - Topografiska
tory Arkivet (bottom)
32-33  James Egleson 75 Eric Mose
35 FOSC,? Maraini 76 Yale University  Press
36 Bunji ’Ijagawa (top), Eric Mose (bottom)
37 Suk Ki Hong and Her- 80-82  Allen Beechel
mann Rahn
38-41  Bunji Tagawa 87 Jo Ann Beechel
42-43 Larry Burrows 88-89 Allen Beechel
45 Benjamin Dane, Stanford 90-91  Jo Ann Beechel
University (top and mid- ;
dle); Thomas Prentiss 92 Allen Beechel
(bottom) 94 Jo Ann Beechel
46 Thomas Prentiss 97 Irving Geis
47 Felix Strumwasser, Cali- 98 Ben Rose

fornia Institute of Tech-
nology (top); Thomas
Prentiss (bottom)

99-104 Irving Geis
108 Sol Mednick
109-116 Dan Todd

48 John Barth, Stanford Uni-

versity 118 International Business Ma-
49 Donald Kennedy, Stan- chines Corporation

ford University 120 Dan Todd
50-51  Thomas Prentiss 127 Erwin W. Miiller and O.
52 Melvin ]. Cohen, Univer- Nishikawa, Pennsylvania

sity of Oregon

State University (top);

66 Danish Information Office Brookhaven National Lab-
67-71 Eric Mose oratory (bottom)
72 Universitetets Oldsaksam- 128 Burndy Library
ling 130-138 Jo Ann Beechel
73 Norwegian Embassy In- 142-144 Roger Hayward

formation Office

147-148 Pete Rowe
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for rising
hospital costs,
lack of personnel

“TRW Systems is making a
study for the Province of
Alberta, Canada, which is
planning a $100 million med-
ical complex in Edmonton.
The hospital is being tailor-
made to fit the needs of the
people. TRW is doing the sys-
tems analysis for the com-
plex and designing and de-
veloping fully integrated
communications, logistics
and information handling
systems for it.”

excerpted from article by
Herbert Black, Medical Editor, Boston Globe

Technology in the service of medicine

In addition to its work for the Province of Alberta, TRW is applying advanced technology to
analyzing and developing an automated medical exam system, studying the application of
technology to medical facilities, and helping to plan the Northern New England Regional
Medical Program. Department 22-76, One Space Park, Redondo Beach, California 90278
...213/679-8711, extension 67747.

TRW Systems Group is a major unit of TRW Inc., (formerly Thompson Ramo Wool-
dridge, Inc.) a highly diversified international organization with 60,000 employees in
200 locations applying advanced technology in space, electronics, defense, aircraft,
automotive and industrial markets. ®
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Why the
concentration
of scientific
talent in

West Central
Ohio?

One big reason: at the vital
aerospace research laborato-
ries connected with Wright-
Patterson Air Force Base
near Dayton there are more
than 4,000 scientific and en-
gineering professionals. Area
industries add their own im-
pressive contribution to the
total. For more information
about this concentration of
scientific talent in West Cen-
tral Ohio, obtain your free
copy of “The Center of the
Scientific Community.” Just
write or phone:

C. L. Gillum
Area Development
Department

THE DAYTON POWER
AND LIGHT COMPANY

25 N. Main St., Dayton, Ohio 45401
(513) 222-0441

Set your sights on
profit opportunities in
West Central Ohio

LETTERS

The review by S. A. Barnett of Kon-
rad Lorenz’ On Aggression in your Feb-
ruary issue calls for some comment.

Lorenz’ widely acclaimed book has
aroused very different responses amongst
its reviewers, from enthusiasm to bit-
ter—even abusive—antagonism. Unfor-
tunately the antagonism is not infre-
quently couched in terms that lead one
to suspect that the reviewer is, to say the
least, prejudiced. ...

Barnett’s review begins with the im-
plication that other reviewers such as
Joseph Alsop and Arthur Koestler—who
I had understood to be conscientious
men—had not read the book through. He
then states that On Aggression does not
in fact represent the methods or opinions
current in ethology. This, I'm afraid, is
partly wishful thinking. Further assess-
ments begin: “This unsupported state-
ment....” “This bare statement certain-
ly needs qualification.” “Nothing of the
kind appears in any of the detailed ac-
counts of the species. ...”

Referring to one of Lorenz’ passages
on rat behavior, Barnett writes: “They
are said to transmit by tradition knowl-
edge of the danger of poisons. The last
statement is reminiscent of the simple
tales, often written by clergymen in ear-
lier times, about animal cooperation and
its moral implications. (A popular story
was about the old blind rat that was
guided by a younger rat by means of a
twig)” Now let us see what Lorenz
wrote, citing the work of Steiniger:
“Within the pack there is a quick news
system functioning by mood transmis-
sion and, what is more important, there
is a conservation and a traditional pass-
ing on of acquired experience. If the rats
find a hitherto unknown food, according
to Steiniger the first rat to find it usually
decides whether or not the family should
eat it. ‘If a few animals of the pack pass
the food without eating any, no other
pack member will eat any either. If the
first rats do not eat poisoned bait, they
sprinkle it with their urine or feces. Even
when, owing to local conditions, it is ex-
tremely uncomfortable to deposit feces
on top of the poison, nevertheless it is
often done.” But the most astonishing
fact is that knowledge of the danger of a
certain bait is transmitted from genera-
tion to generation and the knowledge
long outlives those individuals which
first made the experience.” This is not a
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“scientific” statement, nor is it meant to
be; it was not written for a scientific
journal. Nor can we assume that it is
based on insufficient evidence, although
this is a criticism of Lorenz often stated
or implied; in this case, as in many oth-
ers, a number of scientific reports with
supporting evidence come to mind—ad-
mittedly from a broad field, but Lorenz
is taking a broad view. And would the
“old blind rat” comment be justified in
any circumstances? Such deficiencies in
Barnett’s critique mean that a sufficient-
ly knowledgeable reader is unlikely to
accept his suggestion that “Lorenz lives
in a private world, insulated from the
real one....”

Abuse such as this leaves one with a
very unpleasant taste. It is to be hoped
that people interested in behavior will
not be discouraged from reading On
Aggression by this particular warning
display.

PETER M. DRIVER

Mental Health Research Institute
University of Michigan
Ann Arbor, Mich.

Sirs:

Throughout S. A. Barnett’s review of
Konrad Lorenz’ On Aggression runs the
concern that the innocent layman will
come away from the book with all sorts
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Phosphors are an essential ingredient in

solid-state electroluminescent displays.

Sylvania developed rare earth europium phos-
phors to add brightness to color television.

Sylvania is always testing phosphors.
In a year’s time, we examine more than
50,000 different kinds. They’re formu-
lated in small crucibles and studied for
their emissions in ultraviolet, infra-red,
cathode ray and daylight.

That’s because we’re always looking
for better phosphors for TV, lighting,
sorting, tracing and identifying. And
other uses.

In rare-earth phosphors, our Euro-
pium and Yttrium brighten color TV
by strengthening the red end of the
spectrum. This Sylvania development
revolutionized color TV.

But rare earths are only a small part
of our phosphor experience—which cov-
ers 289 different materials.

Some of these Sylvania phosphors
can fight counterfeiting—by identifying
documents dependably. Other phos-
phors can illuminate safety and mark-
ing devices. Or study and trace air
currents. Mark postage stamps for au-
tomatic sorting. Or be used in plastics
tomakeobjects glow withoutelectricity.

We’re always hard at work on new
developments. How about your product
development? Maybe our phosphors
can help you solve a couple of problems.
Write for free samples. Let us have an
idea of your application and the infor-
mation you need.

Sylvania Electric Products Inc.,
Chemical & Metallurgical Division,
Towanda, Pennsylvania 18848.

SYLVANIA

‘SUBSIDIARY OF
GENERAL TELEPHONE & ELECTRONICS G'-EKE

We crucible-tested over 50,000
phosphors last year. Any one of them
might solve a problem for you.
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Paper with built-in
“fingerprints”

traps ticket
counterfeiters

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

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

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

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

RIEGEL
PAPERS

FOR

MEN
WITH

IMAGINATION @

| of ideas that Dr. Barnett quite properly
considers to be unscientific.

But it is possible that the layman is
better able to take care of himself than
Dr. Barnett supposes. The layman read-
ing On Aggression might argue that the
great strength of Lorenz is his willing-
ness to render his data not empirically
but rather in terms of imaginative con-
structs that make possible an imagina-
tive extrapolation from the animal
behavioral world to the human. The
layman might feel that the “pure” scien-
tist, the sort Dr. Barnett would approve
of, may accumulate unlimited data, but
unless he is willing at some point to
make the imaginative jump Lorenz
makes on every page, it will remain for-
ever mere data.

It is possible to achieve a very differ-
ent perspective on Lorenz’ work. All one
has to do is admit the bare possibility
that men (including scientists) perceive
imaginatively, conceptualize imagina-
tively and act out of this imaginative
framework, aggressively or otherwise,
and the vistas open up.

One guesses that Dr. Barnett would
class such imaginative constructs among
Newton’s “occult qualities.” He sees
signs of progress in the fact that we have
rejected the imaginative construct called
“innate heat,” but what would he say
about such serviceable concepts as cau-
sality, reverse time and curved space?
Would he be prepared to assert that all
three are not in some substantive sense
“occult” Picture for a moment the
molecular biologist studying an oscillo-
scope-screen image of a protein mole-
cule rendered by computer from elec-
tron densities. In the most philosophical
sense is not this image entirely “occult™?

Such considerations lead one to sug-
gest that Dr. Barnett’s labeling of On
Aggression as “antirational” is just one
way of saying it; “proimaginative” or
“metaempirical” seems to fit the case
just as well, and perhaps does more jus-
tice to Lorenz’ methodology.

In any case, Dr. Barnett should stop
worrying about the layman. One of the
great advantages of being one is that one
can, with good conscience, carry about
vast quantities of fascinating, often enor-
mously useful misinformation.

‘ ROBERT ZOELLNER

Department of English
Colorado State University
Fort Collins, Colo.

Sirs:
My statement that On Aggression does
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not represent current ethology is sup-
ported in my review by a number of ex-
amples concerning both facts and con-
cepts. I shall be happy to refer Dr.
Driver or anyone else to the published
papers on which my criticisms are based.
On rats and tradition, I know of no valid
evidence, in the work of Steiniger or
elsewhere, for the statements made by
Dr. Lorenz. I think these statements
absurd, and I tried to convey this. Dr.
Driver implies that factual accuracy is
unimportant when one is writing about
science for laymen. I disagree. Similar-
ly, I do not share Dr. Zoellner’s liking for
misinformation. The passage that Dr.
Driver calls abuse is a value judgment
and so an opinion. It states that it is
wrong for a writer to misinform his read-
ers, especially on such serious topics as
war and other socially destructive be-
havior.

I quite agree with Dr. Zoellner on the
importance of bright ideas that at first
transcend the evidence. But they need
rigorous scrutiny in the light of both
facts and logic. (See P. B. Medawar’s
essay “Hypothesis and Imagination” in
The Art of the Soluble.) 1t is no use mak-
ing an imaginative leap if it lands you in
the soup.

S. A. BARNETT

Department of Zoology
The University
Glasgow

Sirs:

All praise to S. A. Barnett for his in-
cisive criticism of Konrad Lorenz’ book
On Aggression. Exposure of the irratio-
nal extrapolations from animal to man,
the inaccurate descriptions of animal be-
havior and the entirely unscientific in-
sistence on phylogenetically determined
behavior patterns in man is a signal ser-
vice to clear thinking. We must face the
fact that each man’s behavior patterns
are formed by his own life experience.
This places the responsibility for the de-
velopment of aggression on our cultural
environment, which society can modify.
Why are literate Americans such as
Joseph Alsop so ready to seize on spe-
cious ideas of man’s built-in instinctual
mechanisms? Are we so anxious to ab-
solve ourselves of responsibility for the
violence and aggression that our culture
generates?

ARMAND M. OPPENHEIMER

Columbia University
New York, N.Y.
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Know what’s keeping
them warm there on the floor?

The floor.

Ordinarily, they’d be chilled in no
time. But that isn’t an ordinary floor.
It's heated.

Warming a room by heating its sur-
faces isn’t new. The ancient Romans
did it by building charcoal fires be-
neath their floors.

Today, we do it a lot better using

hydronics—heating with mechanically-
circulated water. We call our hydronics
system Bell & Gossett Hydro-Flo®

Heating. B&G Hydro-Flo Heating
warms a room by radiation—the same
way you’re warmed by the sun. Hot
water flows through finger-sized tub-
ing concealed in the floor or ceiling—
or in baseboard panels.

The heat from these panels radiates
a soft, even sunshine warmth through-
out the room. There are no hot or cold
spots, or damp walls or chilly floors.

B&G Hydro-Flo Heating is versatile.
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You can automatically maintain differ-
ent temperatures in different parts of
the house. You can even embed the
tubing in your walks and driveway to
keep them free of ice and snow.

So if you're building a new home or
remodeling an old one, let our Bell &
Gossett people help. Home comfort
has been their business for 50 years.

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



FOR SUPERFINE
CUTTING OF
HARD BRITTLE
MATERIALS

—.

THE S.S. WHITE
AIRBRASIVE® UNIT

Airbrasive’s precise stream of gas-pro-
pelled particles (cuts as fine as 0.005")
made it possible for us to cut this TV
tube like a radish. The Airbrasive has a
cool, shockless cutting action, ideal for
such difficult materials as germanium,
tungsten, glass, ferrites, ceramics. It
cuts, cleans, abrades, strips surface coat-
ings, adjusts microminiature circuits,

deburrs small parts and much more.

Airbrasive often pays for itself on its
first application by reducing handwork,
eliminating rejects, or simply by doing
an ‘impossible’ job. For under $1,000

you can set up your own Airbrasive unit.

Still skeptical? Send us a sample of your
impossible job for free tests.

SEND FOR
BULLETIN 6407A
Complete
information.

S.S. WHITE COMPANY

INDUSTRIAL DIVISION

Dept. SA, 201 East 42nd Street, N.Y., N.Y. 10017
Telephone 212 661-3320

S.S.WHITE
®

20 AND 100
YEARS AGO

j‘\‘.'ﬂ"'l' [C ’\\7

—

[ p——
| SCIENTIFIC

MAY, 1917: “The Russians appear to
have begun an offensive against the Ger-
mans in the Kovel district, heavy artil-
lery fire having destroyed munition de-
pots at points east of Kovel. Some slight
actions are reported also on the Rumani-
an front. It must be confessed that the
quiet along all these fronts has, however,
an ominous significance. If Russia is in
any position soon to strike hard along
part of or all her lines on the eastern
front, the effect upon this year’s cam-
paign will be great because the strong
Allied advance on the Western front has
drawn many German divisions from the
east to help a desperate condition in
France. But the present situation ¢n the
Russian front resembles the description
given of it—an unofficial armistice. To
what this has been due cannot at present
be exactly determined. It may be a ques-
tion of food supply; it will be remem-
bered that a scarcity of food was one of
the immediate causes of the revolution
in Petrograd. At any rate, there is evi-
dently something wrong, something that
an outsider cannot fathom.”

“Chalmers Mitchell’s new book, Dar-
winism and War, is a reply to the argu-
ment in favor of war, so often put forth
in the last three years by a certain Ger-
man school, that a state of constant
struggle or warfare is a dominant factor
in evolution. Mr. Mitchell, a distin-
guished zoologist and a member of the
Royal Society of London, examines at
length various examples of the struggle
for existence among animals, and his
conclusion is that the causes which de-
termine the success of one species in re-
lation to another are variable and often
difficult to determine. Such success may
be due to a better developed brain, to a
greater resistance to microbes or to a
superior capability of adaptation to en-
vironment. He finds no evidence that vi-
olence exerted by individuals of the
more favored species upon individuals
of the less favored species is an impor-
tant factor. He also finds nothing in com-
mon between the grouping of individ-
uals which forms a modern nation and
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that which constitutes a race or species
of animals. In short, he believes it is en-
tirely inadmissible to attempt to justify
human conduct by laws supposed to be
dominant in the animal kingdom.”

“Time and again in these columns at-
tention has been directed to the tremen-
dous cost of the war in aircraft, but at no
time since last September has the month-
ly total of machines destroyed ap-
proached that of April. A compilation
from British, French and German offi-
cial communiqués shows that 717 aero-
planes were shot down on the Western
front during the month just brought to
a close. The Germans are said to have
lost 369, the French and Belgians 201
and the British 147. Last September,
while the Somme battle was at its height,
the total was 322.”

MAY, 1867: “It is said that Mr. Besse-
mer now enjoys from his patents for the
conversion of iron into steel the princely
income of $500,000 a year.”

“The Illinois eight-hour law encoun-
ters great difficulty in getting into prac-
tical operation, from the want of a gen-
eral concert of manufacturing states in
the movement. It is of course impossible
for employers to pay the excess of wages
over their competitors in other states,
and they will be obliged, and are pre-
paring, to close their factories and shops,
unless the hands consent to have the 20
per cent taken off equally from the work
and the wages. Of these alternatives, nei-
ther working on four-fifths time nor be-
ing turned out of employment altogether
is the entertainment to which the opera-
tives were invited. It would seem to be
their only policy, at this stage of their
movement, to content themselves with
the initiation of the eight-hour standard
of day’s work, adding two hours” over-
time for the old wages at present, and
leaving the advance of wages until a pe-
riod when it can be made simultaneous
and so practicable in all states.”

“Professor Agassiz’ immense collec-
tions in Brazil have been in good part
opened and arranged (except for about
60 packages) in the Museum of Com-
parative Zoology at Cambridge. They
include 50,000 specimens of fishes, rep-
resenting more than 2,200 species, 2,000
of which are supposed to be new to sci-
ence. This collection now exceeds those



Report from

BELL

LABORATORIES

Bell Telephone Laboratories has
had a long-term interest in speech
research—tracing back, indeed, to
the work of Alexander Graham Bell.
It was for this reason that the U. S.
Navy asked us to investigate a

problem encountered in Sealab Il
To prevent "'bends” and nitrogen
narcosis, the divers breathe a
pressurized mixture of oxygen,
nitrogen and helium, but the helium
gives their voices an unnatural,

“AIR" SPEECH

“HELIUM-MIXTURE” SPEECH
SHIFT

SHIFT

SHIFT

RELATIVE AMPLITUDE

—

100-Hz SPAC.ING—}

Fundamental pitch and harmonics (vertical bars) for normal ‘‘air” voice sound
(color) and ‘‘helium speech’ sound (black). Note that the frequencies of the
fundamental and harmonics do not change very much, whereas the envelope
of the amplitudes shifts toward the right. Note also that the magnitude of the
shift increases with increasing frequency.

YOICE HARMONICS

VOCAL-CORD PITCH: 100 Hz
(FUNDAMENTAL)

ENVELOPE .
SHIFTER =

“HELIUM
SPEECH' —
INPUT

NORMALIZED
SPEECH

_PITcH
CIRCUITS

Block diagram of system for restoring helium speech to normal voice
quality. Helium speech is fed to amplitude and pitch circuits. In the pitch
circuits, the frequencies of the 34 lowest harmonics are determined. In the
amplitude circuits, the power levels within each of 34 150-Hz intervals of the
speech spectrum are determined. The amplitudes are shifted and applied to
harmonics of lower frequency. In the modulators (right), these power levels
control the loudness of the 34 harmonic frequencies...thus producing a
pattern or envelope closely corresponding to the envelope of normal speech.
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Making voices from the
depths sound deeper

squeaky, Donald-Duck-like quality.
As a result, voice communications
between divers and people on the
surface are seriously impaired.

THE MAJOR PROBLEM is that
the velocity of sound in the helium
mixture is much higher than in air.
This does not appreciably affect
vocal-cord frequency, but does
strongly affect the acoustic reso-
nances of the vocal tract—which
give the voice its characteristic
sound quality. So, though fun-
damental voice pitch remains
approximately the same (about 100
Hz in men), the amplitudes or
loudness values of the various
harmonics change markedly. Spe-
cifically, the pattern of these res-
onances (the envelope) shifts
toward the higher frequencies (see
graph), and voice timbre is grossly
distorted.

THE SOLUTION to this problem
was found at Bell Laboratories by
research scientists M. R. Schroeder,
J. L. Flanagan, and R. M. Golden.
The distorted “helium speech' is
separated into harmonic frequen-
cies and their amplitudes are
measured (see diagram). Then the
envelope of the harmonic ampli-
tudes is shifted back toward the
more normal or low-frequency
condition. In other words, the
amplitudes of the harmonics are
adjusted to match a more normal
envelope.

As a test, the technique has been
used on recordings of helium
speech made in the U. S. Navy's
Sealab Il. The processed voices are
readily understandable and sound
enough like the speaker's ‘'‘air”
voice to be identifiable.

Research and Development Unit of the Bell System

"\ Bell Telephone Laboratories
"



MONROE

ELECTRIC
CALCULATOR

FEATURES TO MAKE YOUR
FIGURING SIMPLER...
FASTER...EASIER ...WITH
GREATER ACCURACY

+

Only
x =V ($11950

Monroe calculator
IS A PRECISION CALCU-
LATING MACHINE FOR
ALL ARITHMETICAL OPERATIONS

MONROE adds, subtracts, multiplies, divides,
square and cube roots, continuous multi-
plication, negative multiplication, standard
deviations and all statistical calculations,
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associated formulae, and every other com-
putation arising in science and commerce.
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| of the British Museum and the Jardin

des Plantes united, containing all togeth-
er more than 9,000 species.”

“At a crowded meeting of the mem-
bers of the Royal Society of Scotland,
Professor Sir William Thomson pre-
sented a communication based upon the
admirable discovery by Helmholtz of the
law of vortex motion in a perfect liquid,
that is to say, in a fluid destitute of vis-
cosity or friction. Helmholtz has proved
mathematically an absolute unchange-
ability in the motion of any portion of a
perfect liquid in which the peculiar mo-
tion he calls wirbel bewegung (vortex
motion) has been created. Professor
Thomson therefore boldly throws down
the gauntlet by condemning ‘the mon-
strous assumption of infinitely strong and
infinitely rigid pieces of matter’ and sug-
gests that Helmholtz’ rings are the only
true atoms. ‘A full mathematical investi-
gation,” said Professor Thomson, ‘of the
mutual action between two vortex rings
of any given magnitudes and velocities,
passing each other in any two lines so
directed that they never come nearer to
each other than a large multiple of the
diameter of either, is a perfectly solvable
mathematical problem, and the novelty
of the circumstances presents difficulties
of an exciting character. Its solution will
become the foundation of a proposed
new kinetic theory of gases.””

“A French engineer named Boutet
proposes to bridge the English Channel
(20% miles) with a structure on the sus-
pension plan aided by the buoyant pow-
er of water. His foundation would be
in effect a submerged wire suspension
bridge, a fabric of 60 seven-inch wire
cables, crossed and laced together by
smaller cables, all carefully galvanized,
and the whole thickly coated with gutta-
percha and supported at intervals by im-
mense iron buoys. Upon this foundation
would rise 65 iron structures of great
breadth of base and 600 to 900 feet high
as supports at proper intervals for the
bridge road, formed of a network of
great wire cables, like the foundation. It
would be a double suspension bridge on
a monstrous scale, with the 65 cable
towers acting as trusses between the
upper and lower stringers and with the
peculiarity of resting the lower portion
in the depths of the channel on buoyant
supports. The cost is estimated at some

$75,000,000.”

“The American oil product for the
past six years is estimated at about 11,-
640,670 barrels. In 1859 the product
was 325 barrels.”



Tougher products
for the surfers—
thanks to
AMOCO [PA

Surf's up. And that board's going to take some pretty hard
knocks. Happily, Isophthalic Acid (IPA) from Amoco Chemicals
is on the job. IPA polyesters made with AMOCO IPA can make
your products tougher, too. They'll resist cracking, crozing,
fracture. Provide impact strength, and better tensile and flex
strength. Where else is IPA2 Try bowling balls, automotive
parts, serving trays. IPA polyesters also provide good resis-
tance to chemicals. They're used in chemical resistant tanks
and in linings for petroleum storage tanks. Think tough. Ask
your resin supplier about AMOCO IPA—or write us. Amoco
Chemicals Corporation, Department 8786, 130 East Randolph
Drive, Chicago, lllinois 60601.
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ynthetic steel
takes 30mph impact.

ABS plastic body is still intact after John Fitch drove car through wall. Doors and hood were not sprung. (Impact photos follow.)
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Uniroyal invented ABS plastic
as a substitute for steel.

It’s thefirst plastic to combine
rigidity without brittleness,
toughness without rubberiness.

In the laboratory, tests of ABS plasticindicate it
has tremendous impact strength. So much strength,
we feel justified in calling it “‘synthetic steel.”

Laboratory tests are one thing. What really counts
is how a material performs in actual use.

To demonstrate the superiority of ABS as an
engineering material, we asked professional driver
John Fitch to drive an ABS plastic car through a
brick wall. He proved how really tough it is.

Like steel, ABS is an alloy. ABS is a combination
of three basic ingredients: (A) acrylonitrile,

(B) butadiene and (S) styrene.

ABS is probably the most versatile plastic ever
invented because it combines hardness, rigidity,
toughness and chemical resistance in one material.

Uniroyal (you might remember us as U.S. Rubber)
markets ABS raw material under the registered
tradename ‘‘Kralastic.”’

Kralastic ABS rivals steel in the range of its
applications. And the possibilities have hardly
been tapped.

Kralastic ABS is light in weight. It can’t corrode.
Can be easily shaped into large objects or small.

Is economically priced.

But a peculiar virtue of Kralastic ABS is that even
though it is rigid and holds its shape under stress
it can absorb sudden sharp impacts without
shattering. And it doesn’t need fiber glass or
other reinforcements.

Kralastic ABS is so strong it has been chosen for
a variety of unexpected uses where plastics were
never before considered because they could not
meet the requirements.

For example, pipe made of Kralastic ABS can be
made tough enough so a truck can drive over it
withoutcrackingit.

Because it can be easily molded into intricate

The grille of the Chevrolet Camaro is made of ABS.
Because it is lightweight and tough, ABS parts are being
designed for other external automotive uses.

The cab of the Trend, a new truck from White Motor, is
made of impact-resistant expanded ABS. It can’t corrode
and road noises are drastically reduced.

shapes, Kralastic ABS gives engineers a design
flexibility not possible with metals. Thus in the
automotive field it's being used in grilles, door
panels, seat backs and even truck cabs.
Kralastic ABS can even be electroplated with a

chromium, nickel, copper, .
Continued...

silver or even gold finish.
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ABS plastic like steel,is an alloy whose properties can be varied.

Hitting brick wall at 30 mph demonstrates that ABS plastic can absorb sharp |mpacts W|thout shatterlng or tearing.




By changing the proportions of its three ingre-
dients, ABS plastic can be adapted to do an infinite
number of demanding jobs.

So when we speak of Kralastic ABS we are
speaking of a family of thermoplastics, each meeting
different specifications and intended for different
end uses.

Most thermoplastics soften easily in heat. But
there are types of Kralastic ABS which remain
undistorted in boiling water. Which is why you may
find it used in your dishwasher.

A 100-degree temperature rise will cause a
one-foot Kralastic ABS ruler to expand less than
5 hundredths of an inch. Because of this, a slide rule
made of Kralastic ABS maintains its accuracy in hot
weather or cold.

Dimensional stability is the reason why auto-
makers use Kralastic ABS in instrument cluster
housings and defroster and heater housings. And
why other manufacturers use it in carafes, missile
components and business equipment.

And at low temperatures, Kralastic ABS retains its
impact resistance and dimensional stability for
applications such as ice chests and toboggans.

Not surprisingly, football helmets and telephones
are made of Kralastic ABS.

And Kralastic ABS won't chip or splinter. Products
made of Kralastic ABS will maintain their attractive
appearance for a long period of time.

You may think, with all these advantages,
Kralastic ABS costs more. The truth is, it costs less
than most other engineering materials on a pound
volume basis. About 1Y2 cents per cubic inch.

In addition to the basic raw material known
as Kralastic, Uniroyal sells ABS sheet material
under the registered tradename ““Royalite’” and
ABS expanded sheets under the registered trade-
name ‘‘Royalex.”

ABS plastic is just one of the many polymers
developed and marketed by Uniroyal.

Possibly you may never be in the market for
ABS, yourself. But if knowing about it should
give you an idea for using one of our other rubber,
chemical or plastic products, please write to:
Uniroyal Chemical, Polymer Technical Service,
Naugatuck, Connecticut 06770.

NIROYA

The new worldwide
name of U.S. Rubber

Impact resistance
and low temperature stability

Low temperature Scuff
stability resistance

Impact Heat Dielectric
strength resistance strength

The properties of ABS plastic can be varied to meet special
requirements. A different type was used for each of
these products.

We think we can help you. After all, we're an
inventive company and we have almost 1500 active
patents to prove it. (More than half of them are
concerned with polymer technology.)

Uniroyal holds more patents
than any other rubbercompany.
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How to achieve togetherness...
when money is the object.

Togetherness is the business of Willcox & Gibbs. Making money for you is the object. Four
companies make up our togetherness. They make machines that join things, bond things, fuse
things, cure things, sew things, dry and heat things. They do it mechanically, dielectrically,
thermally and ultrasonically. Things that include wood, plastics, fabrics, resins, metals, almost

any material you can name and some materials that haven’t been named yet. Combinations that
include vinyl to steel, vinyl to vinyl, mylar to fabric, vinyl to leather, leather to leather, nylon

to nylon. We’re now working these miracles for the printing, binding, heating, construction,
garment, shoe, furniture, automotive and boat-building business, and more. Every time we get a
call from a new customer who wants new ways to make money, we get a new togetherness problem
to solve. Call us. We’ll plan a system for you and keep it running smoothly. That’s togetherness.

ILLCOX

The business machines that join come from & IBBS

FARATRON ¢ RAYBOND ¢ THERMATRON« W&G SEWING EQUIPMENT CO.« 1040 AVENUE OF THE AMERICAS, N.Y., N.Y. 10018
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THE AUTHORS

T. R. BUMP (“A Third Generation of
Breeder Reactors”) is a mechanical en-
gineer at the Argonne National Labora-
tory. He received bachelor’s and master’s
degrees at Iowa State University and
a doctorate in mechanical engineering
from Purdue University. His educational
career was twice interrupted by military
service; he was an engineering officer
on naval vessels for several months in
1945 and 1946 and for two years during
the Korean war. Joining the Argonne
Laboratory in 1955 after completion of
his studies at Purdue, he worked for
several years on the thermal-hydraulic
design of the second-generation breeder
reactor known as Experimental Breeder
Reactor II. He is now engaged in similar
work on the prospective third generation
of breeder reactors.

SUK KI HONG and HERMANN
RAHN (“The Diving Women of Korea
and Japan”) are professors of physiology,
Hong at the Yonsei University College
of Medicine in Korea and Rahn at the
State University of New York at Buffalo.
Each is also chairman of the department
of physiology at his institution. Hong
was born and educated in Korea. He re-
ceived the degree of M.D. at Severance
Union Medical College (now part of
Yonsei University) in 1949 and a Ph.D.
from the University of Rochester in
1956. He then joined the faculty of the
University of Buffalo School of Medicine
(now the State University of New York
at Buffalo). Before he left Buffalo in
1959 he and Rahn made plans for a long-
term collaborative research program
on physiological adaptations to diving.
Rahn was graduated from Cornell Uni-
versity in 1933 and received a Ph.D.
from the University of Rochester in
1938. He was a member of the depart-
ment of physiology at Rochester until
1956, when he went to the State Univer-
sity of New York at Buffalo.

DONALD KENNEDY (“Small Sys-
tems of Nerve Cells”) is professor of
biology and head of the department of
biological sciences at Stanford Univer-
sity. He was graduated from Harvard
College in 1952 and obtained a Ph.D.
from Harvard four years later. After
teaching at Syracuse University for four
years he went to Stanford. He writes
that he shares his interest in the subject
matter of his article “with a small net-

work of comparative neurophysiologists,
most of them located on the West
Coast.” He adds: “I am especially anx-
ious to acknowledge my gratitude to
these friends, most of whom are men-
tioned in the article. They have provided
substantial help in its preparation.”
Kennedy was the author of “Inhibition
in Visual Systems” in the July 1963 issue
of SCIENTIFIC AMERICAN.

ERIC OXENSTIERNA (“The Vi-
kings”) is a Swedish historian and ar-
chaeologist. He was graduated from the
University of Uppsala and received a
Ph.D. there in 1948. Among the many
books he has written are The Norsemen,
originally published in German and la-
ter translated into Swedish, English,
French, Spanish and Japanese; The
Golden Horns of Gallehus; The Vikings
Lived Like This; Iron Age, Golden Age;
We Swedes, and Scandinavia: Pictures
of Its Landscape and Culture. In addi-
tion to his writings Oxenstierna has lec-
tured widely on the early history of
northern Europe.

CHARLES YANOFSKY (“Gene
Structure and Protein Structure”) is pro-
fessor of biology at Stanford University.
After his graduation from the City Col-
lege of the City of New York in 1948 he
did graduate work in the department of
microbiology at Yale University, receiv-
ing a Ph.D. there in 1951. He remained
at Yale until 1954, when he joined the
faculty of the Western Reserve Univer-
sity School of Medicine. Four years later
he went to the department of biological
sciences at Stanford. Yanofsky has re-
ceived several awards for his work in
molecular biology. He was elected to the
American Academy of Arts and Sciences
in 1964 and to the National Academy of
Sciences last year.

IRVIN ROCK and CHARLES S.
HARRIS (“Vision and Touch”) are re-
spectively professor of psychology at
Yeshiva University and a member of the
technical staff at the Bell Telephone
Laboratories. Rock, a graduate of the
City College of the City of New York,
received a Ph.D. from the New School
for Social Research in 1952 and re-
mained there as a member of the faculty
until going to Yeshiva in 1959. In July
he will become professor of psychology
at the Institute for Cognitive Studies at
Rutgers University at Newark. Rock is
the author of a book, The Nature of Per-
ceptual Adaptation, which was pub-
lished last year. Harris was graduated
from Swarthmore College, received a
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master’s degree at Yale University and
then, he writes, “entered the subter-
ranean depths of Memorial Hall at Har-
vard University, acquiring there not
only a Ph.D. in 1963 but also a wife and
collaborator, Judith R. Harris.” His por-
tion of the work described in the article
was carried out at Harvard, the Lincoln
Laboratory of the Massachusetts Insti-
tute of Technology and the University
of Pennsylvania, where he taught for
two years before joining the Bell Labo-
ratories.

FREDERICK F. MOREHEAD, ]JR.
(“Light-emitting  Semiconductors”), is
with the International Business Ma-
chines Corporation as leader of what
he describes as “a small group bur-
dened with the title ‘electroluminescence
technology.”” He was graduated from
Swarthmore College in 1950 and re-
ceived master’s and doctor’s degrees in
physical chemistry at the University of
Wisconsin in 1951 and 1953 respective-
ly. He writes: “I taught chemistry for a
year at Union College in Schenectady,
N.Y. Deciding that my talents lay else-
where than in teaching, I began a career
of industrial research.” He was with the
General Electric Company before going
to IBM in 1959. “My research interests
have always been concerned with the
interaction of light and solids,” he writes.
“On the practical side I have been in-
terested recently in the applications of
luminescence to computer displays.”

GERALD FEINBERG (“Ordinary
Matter”) is professor of physics at Co-
lumbia University. He was graduated
from Columbia College in 1953 and re-
mained at the university from 1953 to
1956 as a National Science Foundation
fellow. Obtaining a Ph.D. from Colum-
bia in 1957, he spent a year as a member
of the School of Mathematics of the In-
stitute for Advanced Study in Princeton
and two years as a research associate at
the Brookhaven National Laboratory be-
fore returning to Columbia as a member
of the faculty. Feinberg’s article, which
is based on a talk he gave in 1964 at a
meeting of a scientific society called the
V2V Club at the University of Cam-
bridge, was originally published in The
Journal of Philosophy.

ROBERT M. MENGEL, who in this
issue reviews The Original Water-Color
Paintings Dy John James Audubon for
the Birds of America, introduction by
Marshall B. Davidson, is lecturer in zool-
ogy and ornithological bibliographer at
the University of Kansas.
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Good Water from Bad: A Report from General Dynamics

When is a water shortage not a water
shortage?

Most of the time.

Except for the relatively small areas
of the earth covered with desert, water
supplies in lakes, rivers, and under-
ground tables would be more than am-
ple for the world’s population—if it
were all fit to drink.

In many cases it is too brackish; its
heavy concentration of dissolved salts
makes it either dangerous or just plain
bad tasting. “Salts” are not just com-
mon table salt (sodium chloride); a dis-
solved salt, by definition, is a solid sub-
stance that is soluble in water.

Hundreds of thousands of families
already use double water systems.
Available water from the tap is used
for general cleaning. For drinking and
cooking, they buy bottled water.

Conventional treatment systems
can remove most of the solids, such as
those that come, say, from the wastes
and sewage that pollute so many of
the nation’s rivers. But to get rid of the
dissolved salts—to desalinate —subtler
techniques are required. One is re-
Verse osmosis.

Osmosis, forward
and reverse:

Since 1962, General Dynamics has
used reverse osmosis to desalinate wa-
ter, mainly under contract to the Office
of Saline Water of the Department of
the Interior.

Osmosis is a phenomenon that oc-
curs naturally whenever a dilute liquid

Below : water flow from 10,000 gal-
lons-per-day reverse osmosis unit is
checked by General Dynamics engi-
neers before unit is shipped.

(such as fresh water) and a concentra-
ted liquid (such as salt water) are sep-
arated only by a semipermeable ma-
terial —that is, one which selectively
permits one kind of molecule to pass
through it, but not another kind.

Under ordinary conditions, fresh
“pure” water would diffuse through
such a membrane material into an ad-
jacent “impure” saline solution.

But apply pressure to the “impure”
water and reverse osmosis takes place;
the flow through the membrane goes
the opposite way.

Water molecules from the salty so-
lution are forced through the mem-
brane into the fresh water. The “selec-
tive” permeability of the material acts
as an effective barrier to the passage of
salt molecules.

The mysterious membrane:

The heart of the process is a mem-
brane only five thousandths of an inch
thick. This membrane is basically
made of cellulose acetate in a trans-
parent film form resembling house-
hold plastic wrap.

It had been known for some time
that fresh water passed readily through
certain of these membranes, but dis-
solved salts and other impurities did
not. Nobody knew quite why. An as-
sumption was that the membrane was
a very fine mechanical filter—water
molecules were small enough to seep
through the holes in the film, but salt
molecules were too large.

General Dynamics’ scientists found
that the cellulose acetate membrane,
thin though it is, has two different
layers.

A spongy porous material that ac-
counts for 99.8 percent of the mem-
brane’s thickness is mainly supportive,
and lets both water and dissolved salts
through.

The actual stopper was the second
layer, only ten-millionths of an inch
thick. This thin second layer is non-
porous. Its action is molecular and
chemical rather than physical. It ab-
sorbs water molecules —absorbs them
more readily than the salt molecules,
allowing the absorbed water molecules
to move through the membrane easily
and to reappear on the “pure” low pres-
sure side. Less than five percent of the
salt molecules get through.

The same process that keeps out
dissolved salts also holds back other
waste matter, even bacteria, and—
some researchers suspect— viruses.
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General Dynamics reverse osmosis
units are built up of modules which
can contain up to 300 square feet of
membrane per cubic foot.

Reverse osmosis units are already
being built in a variety of sizes. A
single small module can satisfy a fam-
ily’s daily drinking water needs. By
linking enough modules, larger units
process thousands of gallons a day.
And still bigger combinations will be
able to process hundreds of thousands
—or even millions—of gallons of wa-
ter daily.

Some conventional forms of desa-
lination require large installations and
large heat sources to make steam for
an essentially distillation process. Re-
verse osmosis plants can be compact
because the water remains in its origi-
nal liquid state throughout the process.

PRESSURE

The Phenomenon of
Reverse Osmosis

Normally, water from a dilute solu-
tion will flow through a semiperme-
able membrane towards a concentra-
ted solution. Reverse osmosis takes
place when pressure is applied to the
concentrated solution and forces wa-
ter in the opposite direction. 1. Salt
molecules (marked “S”) have little
chemical affinity with membrane
molecules. They tend to be rejected,
in spite of the applied pressure, by
the membrane barrier. 2. Water
molecules mingle intimately with
membrane molecules in the ultra-
thin layer of the membrane —the
“diftusion region.” This union and
diffusion is molecular; it is not a
physical filtering of water. 3. When
the water molecules pass through
the ultra-thin diffusion layer into the
porous supportive layer of the mem-
brane, they liquefy and become wa-
ter again. 4, Pure water droplets
continue to seep through the mem-
brane and emerge on the low pres-
sure side.




Ordinary electric power operates a
pressure pump. Simplicity of design
permits a system to operate virtually
unattended for long periods between
maintenance checks.

From rivers and mines:

The General Dynamics units have
been test-operated under a variety of
local water conditions: on rivers where
the water was polluted both with in-
dustrial wastes and concentrations of
salts from ocean tides, and in indus-
trial applications such as coal mines.
The drainage of acid water from
mines presents a major pollution prob-
lem. Sulphuric acid in the mine water
dissolves minerals containing iron,
calcium, and magnesium, creating a
whole complex of salts that become a
hazard to fish, wildlife, and municipal
water supplies. The reverse osmosis
experiments held back most of the
heavy concentrations of dissolved
salts from the mine water and pro-
duced high quality fresh water.

In factory use, reverse osmosis units
in combination with conventional fil-
ters (to eliminate gross physical parti-
cles), could clean used factory waste
water before it re-enters rivers, with
some portion of the freshly processed
clean water recirculated for reuse by
the factory.

Reverse reverse:

Reverse osmosis has another poten-
tially valuable and almost opposite
use: water extraction.

For example, water is traditionally
boiled out of maple sap to make ma-
ple syrup. This is an expensive and
time-consuming process. Pilot tests by
the Department of Agriculture indi-
cate that a reverse osmosis unit can
achieve the same result. In this case,
the useful product is what is left after
the water is removed.

Theoretically, the extraction prin-
ciple can be applied to many products,
including chemicals and pharmaceu-
ticals, that now require elaborate pro-
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cessing to be concentrated or made
water-free. Researchis creating a“fam-
ily” of membranes for a variety of spe-
cific jobs.

Certainly fresh water produced by
reverse osmosis, or any desalination
process, is more expensive than water
from local natural sources. Yet in
many areas where good water is a
scarce and expensive resource, the re-
verse osmosis process may already be
economic.

General Dynamics is a company of
scientists, engineers and skilled work-
ers whose interests cover every major
field of technology, and who produce:
aircraft; marine, space and missile sys-
tems; tactical support equipment; nu-
clear, electronic, and communications
systems; machinery; building supplies;
coal, gases.

Reprints of this series are available.

GENERAL DYNAMICS

One Rocketeller Plaza, New York, New York 10020

1087 General Dynamice

PURE WATER
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Joseph Louis Lagrange Woodcarving by William Ransom
(1736-1813) Photographed by Max Yavno

“As long as algebra and geometry travelled separate paths their advance was slow and
their applications limited. But when these two sciences joined company, they drew
from each other fresh vitality and thenceforward marched on at a rapid pace towards
perfection.”

l.loseph Louis Lagrange, Lectures on Elementary Mathematics, trans. T. J. McCormack
(2nd ed.; Chicago: The Open Court Publishing Company, 1901), p. 127.

INTERACTIONS OF DIVERSE DISCIPLINES

Since the inception of Planning Research in 1954, widely diverse disciplines within the
Corporation have, in Lagrange’s eloquent expression, drawn from each other fresh
vitality. The Corporation’s professional staff of five hundred and fifty members repre-
sents twenty-eight disciplines in the classical sciences, the new computer-based and
management sciences, and all branches of engineering. These disciplines on multi-
disciplined teams interact to form a powerful means of solving complex problems.

The Planning Research multidisciplined-team concept allows great flexibility in
approaching the problems inherent in the development of Planning-Programming-
Budgeting Systems (ppBs), and the Corporation is now actively engaged in this work.
Executive officers in government and industry who are considering PPBs are invited to
write or telephone Dr. Philip Neff, Vice President for Economics.

PLANNING RESEARCH CORPORATION

Home office: 1100 Glendon Avenue, Los Angcles, California 90024
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A Third Generation of Breeder Reactors

The evolution of fission reactors capable of breeding more fuel

than they consume is continuing. The present plan is to develop

a plant that will generate a million kilowatts of electric power

first experimental nuclear-reactor

plant that generated electricity
was built at the Atomic Energy Com-
mission’s reactor testing station near
Arco, Idaho. Today there are commer-
cial nuclear-power plants in almost every
section of the US. and many in other
countries around the world. Nuclear
power has become competitive in cost
with power from coal or oil, and it is es-
timated that in the next five years nu-
clear-plant capacity in the US. will in-
crease sixfold.

Oddly enough, with the arrival of
fission power’s economic success there
are already forecasts suggesting that its
years may be numbered. Simcha Golan
of Atomics International recently pro-
jected the U.S. needs for steam-pro-
duced electric power over the next half-
century; he found that by the year 2030
the requirement will be 10 times the
present capacity. Because of the expect-
ed decline in fossil-fuel resources, and in
the absence of any other large source of
energy at reasonable cost, fission power
would be counted on to supply about 85
percent of this need. To fill such a de-
mand with fission plants of the present
type, however, would call for quantities
of uranium ore that would soon deplete
reserves [see illustrations on next page].
Thus the fission age would be over al-
most before it began. The cost of min-
ing the dwindling deposits would raise
the price of uranium ore to about $30
a ton (compared with $5 today). At

f ;ixteen years have passed since the

by T. R. Bump

that cost for the unrefined fuel, fission
power would probably be as expensive
as power from difficult-to-mine fossil
fuels, and the price of energy might be
so high that the U.S. could not afford
the projected level of consumption.

These facts make plain how heavily

the “fission age” (perhaps to be fol-
lowed someday by a “fusion age”) can
depend on success in developing power
plants with breeder reactors that will
make the most of the available resources.
These plants consume fissionable ura-
nium 235 and plutonium not only to
produce energy but also to transmute
common uranium 238 into even more
plutonium at the same time, thus mul-
tiplying by many times the amount of
energy obtainable from a given amount
of uranium ore. For this reason work on
breeder reactors started almost at the
beginning of the nuclear age. This ex-
plains why the plant that produced elec-
tric power at Arco 16 years ago was a
breeder.

In spite of that early start, efforts to
develop a breeder reactor that can pro-
duce power as cheaply as other systems
have yet to succeed. On the other hand,
nonbreeding reactors have already
reached commercial status. Their suc-
cess is due in part to the benefits they
received from the high-priority program
to build naval reactors and in part to the
fact that nonbreeding reactors present
simpler technical problems than breed-
ers. Nonbreeding reactors are usually

© 1967 SCIENTIFIC AMERICAN, INC

cooled with water. They use moderated,
or slow, neutrons, which are consider-
ably less efficient than fast neutrons both
in producing plutonium and in utilizing
fuel resources.

Meanwhile efforts to develop a prac-
ticable breeder reactor are being con-
tinued with encouraging results. The
original experimental breeder reactor at
Arco, called EBR-I, is now a museum
piece; it was retired in 1964 and placed
on exhibition as a historic landmark.
EBR-I was followed by several second-
generation experimental breeders, which
were described in an article in Scientific
American several years ago [see “Breed-
er Reactors,” by Alvin M. Weinberg;
January, 1960].

Now the Argonne National Labora-
tory of the AEC and a number of other
organizations throughout the world are
cooperating in the development of a
third generation of breeder reactors. The
work should make available within 15
years commercial power plants that have
breeder reactors and are capable of pro-
ducing electricity in the million-kilo-
watt range. These reactors, like EBR-I
and several of the second-generation re-
actors, probably will be cooled by so-
dium and will operate with solid fuel and
fast neutrons.

Another seemingly promising type of
breeder that was under investigation at
the time of Weinberg’s 1960 article—an
aqueous system operating with dissolved
fuel and slow neutrons—has since been
abandoned. As Weinberg pointed out,
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the aqueous system, in which the fuel
and the coolant were mixed together as
a homogeneous solution, presented se-
rious difficulties, such as local over-
heating, corrosion of plumbing and a
tendency for the fuel and the coolant to
separate. The problems proved to be so
troublesome that the experiments were
dropped, and work is now concentrat-
ed on the sodium-cooled fast-neutron
breeder.

I shall describe the probable commer-

cial breeder plant of the future by
comparing it in detail with two of its
forerunners, the Argonne Laboratory’s
experimental breeder reactors I and II.
EBR-I was a small installation generat-
ing 200 kilowatts of electricity; EBR-II,
representative of the second-generation
breeders currently in operation, gener-
ates 20,000 kilowatts; the commercial
plant is expected to generate about a mil-
lion kilowatts. In nuclear power, as in
many other fields, expansion of the size
of the plant brings substantial savings in
costs. Other reductions in the cost of
power from the future plant will flow
from such potential improvements as
higher temperatures of sodium and
steam (which result in increased efficien-
¢y of the turbines), a longer lifetime for
tuel elements, and cheaper and more
reliable components.

First let us consider the fuel itself. The
fuel is uranium or plutonium or a com-
bination of both. In EBR-I it was almost
pure uranium 235. One of the difficulties
with solid-fuel reactors is that the fuel
elements (rods of fissionable material
jacketed in stainless steel) become swol-
len with fission products and must be re-
moved for reprocessing by the time a
small percentage of the fuel has been
burned. In EBR-II, therefore, the urani-
um fuel is alloyed with other elements
that reduce the amount of swelling (by
increasing the strength of the fuel so that
it is better able to withstand the pres-
sure of the gas that constitutes part of
the fission products). For the commer-
cial plant not only metal fuels are being
considered but also ceramic ones. Among
the apparent advantages of ceramics are
their high melting point and the fact that
they can be used at high temperatures
with a relatively inexpensive jacket of
stainless steel.

Another important consideration is
the diameter of the fuel elements. In
EBR-I the rods were made compara-
tively thick—.448 inch in outside diam-
eter, including the jacket—for conve-
nience in fabricating and handling. The
thicker the fuel rod, however, the hotter
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plant using the breeder principle is shown according to one of sev- cooling. The removable plug gives access to the reactor when it
eral proposals that have been made. Uranium fuel (dark color) is in is necessary to remove and replace fuel subassemblies for reproc-
the core; the blankets contain “fertile” uranium in which additional essing. Reactor is designed for a million-kilowatt power plant.
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FUEL ELEMENTS of three breeder reactors are compared in sec- mounted in hexagonal subassemblies of 91 fuel elements each; one
tional views (left) and side views (right). The first experimental subassembly is shown here. The reactor in the million-kilowatt
reactor, EBR-I («), had 217 fuel elements that were loaded into the plant (¢) will have about 630 subassemblies, each with about 330 ele-
reactor individually. EBR-II (b) has about 6,400 fuel elements, ments. Fuel is shown in dark color, blanket material in light color.
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the fuel becomes when it is burned. In a
rod half an inch in diameter the central
temperature will exceed the melting
point even if the burning rate is modest.
Since nuclear-power economy depends
on operating each reactor at a high spe-
cific power (a high power output in kilo-
watts per kilogram of fuel), the fuel ele-
ments must be thin so that they will
not overheat internally. In the design of
EBR-II the fuel elements were reduced
to a diameter of .174 inch. This size,
however, has been found to make the
fabrication of the elements too costly.
For the commercial plant the elements
are likely to be at least .21 inch in di-
ameter—a figure that seems to strike a
good compromise between cost of fabri-
cation and the specific power level at
which the reactor can be operated.

In EBR-I the fuel load consisted of an
array of 217 rods, held in a fixed pattern
by jacket ridges that ensured uniform
distribution of the elements throughout
the reactor core. In the larger EBR-II
there are about 6,400 fuel rods. To fa-
cilitate the handling of this large num-
ber of fragile rods they are clustered in
hexagonal assemblies of 91 rods each.
We anticipate that the million-kilowatt
commercial reactor will have a total of as
many as 200,000 fuel rods—about 630
clusters with about 330 rods in each [see
illustration on opposite page]. The ar-
rangement and amount of fissionable fuel
required to produce a critical mass will
be determined beforehand in a “critical
facility”: a low-power reactor in which
mock-ups of the proposed configurations
can be tested.

As in EBR-I and EBR-II, the core of
the commercial reactor will be surround-
ed with a blanket of “fertile” material
consisting of rods of uranium 238 in
which plutonium will be bred by the
capture of neutrons from the fissioning
core. Through the reactor will be
pumped molten sodium, which will con-
vey the heat generated in the core to a
secondary, nonradioactive circulating
coolant, which in turn will transfer the
heat to a steam generator for the produc-
tion of electricity.

Sodium, the first choice as a coolant for
breeder reactors at the outset of the
nuclear age, still appears to be superior
to other coolants that have been evalu-
ated since. Sodium has a good capacity
for absorbing heat and is an excellent
heat conductor; it has a low vapor pres-
sure at high temperatures and therefore
does not require thick-walled piping,
and it does not substantially slow down
fast neutrons, which are essential to the

EXPERIMENTAL | 1,000-
FUEL ELEMENTS BREEDER REACTORS MEGAWATT
| | REACTOR
|
NUMBER PER SUBASSEMBLY 0 ‘ 91 | 630
R B S
SUBASSEMBLIES 0 70 ; 331
TOTAL 217 6,370 | 208,530

NUMBER AND GROUPING of fuel elements are summarized for three stages in the evolu-
tion of breeder reactors. Million-kilowatt plant is often called 1,000-megawatt plant.
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CORE SECTIONS are compared for EBR-I (a), EBR-IT (b) and a breeder reactor designed

for a million-kilowatt power plant (c¢). The three core sections are represented at the same

scale to indicate how the size of reactors increases with an increasing output of power.
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FUEL-HANDLING APPARATUS of the EBR-II includes (left) various mechanisms over
the reactor. They move spent fuel subassemblies from the reactor vessel and deposit them in
a rotatable storage rack immersed in sodium, which cools the highly radioactive subassem-
blies. After two weeks a subassembly is lifted into an unloading machine (right), which
moves on rails to the wall of the building and transfers the subassembly to a cask that car-
ries it to a fuel-reprocessing building. Similar plan is likely for the million-kilowatt plant.
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efficient performance of a breeder re-
actor. Sodium has certain shortcomings
as a fluid coolant: it has to be heated to
a fairly high temperature (above 208
degrees Fahrenheit) to keep it molten;
it is active chemically, and it is ex-
pensive (compared with water or other
conventional coolants). Nevertheless, its
advantages considerably outweigh its
disadvantages.

The two-stage system of heat transfer
that I have mentioned is needed because
the sodium within and around the re-
actor core becomes radioactive. In the
first stage the sodium that has been heat-
ed in the core transfers its heat to a non-
radioactive secondary system in which
the coolant is also sodium; in the second
stage this intermediate coolant passes its
heat on to water boilers and produces
steam for driving turboelectric genera-
tors. The whole system is rather com-
plex, requires careful engineering and
has been a major factor in shaping the
evolving design of the breeder reactor.

In EBR-I the primary sodium coolant
(actually a sodium-potassium alloy) was
circulated through the shielded reactor
vessel and then to a chamber outside
that contained the primary pump and
intermediate heat-exchanger; this cham-
ber also had to be shielded. In EBR-II
the arrangement is simplified: the entire
primary system (including the reactor
vessel, primary pumps and intermediate
heat-exchanger) is submerged in sodium
contained in a tank, so that the radioac-
tive sodium remains within this system
and almost all the radioactivity in the
plant is confined to one part of it. This
arrangement has several advantages.
The only sizable structure in the power
plant that needs to be enclosed in shield-
ing is the tank. The tank’s simple shape
makes it comparatively easy to render
the tank leakproof. Small leaks are per-
missible in the primary piping, because
the sodium will not escape from the tank
itself. There are also benefits that sim-
plify the handling of the fuel and other
details of operation. It is likely that the
concept of a submerged primary system
will be used for the commercial reactor.

he heat-exchangers and pumps re-

quired by a sodium-cooled reactor
present their own special problems.
Heat-exchangers of conventional kinds
can be adapted to the needs of a sodium
system, but their design must be care-
fully modified to avoid possible damage
from thermal shock. Because of sodium’s
high thermal conductivity, any abrupt
change in the temperature of the sodium
(such as might be caused by a sudden
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FIRST BREEDER REACTOR is in this building built by the Ar- at Arco, Idaho. The reactor operated from 1951 to 1964 and is now
gonne National Laboratory at the National Reactor Testing Station a national landmark. It had a capacity of 200 kilowatts of power.

T

SECOND-GENERATION BREEDER REACTOR is in the domed plant; at right rear is a laboratory and service building, and in the
structure. In the foreground are cooling towers; at left is a sodium- right foreground is the power plant. The EBR-II complex, which is
boiler plant; behind the domed structure is a fuel-reprocessing at Arco, has the capacity to produce 20,000 kilowatts of power.
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FISSION AND BREEDING are the key nuclear processes in a
breeder reactor. In fission (dark color) an atom of uranium 235 ab-
sorbs a neutron (n) and emits at least two neutrons and nuclei of
such other elements as lanthanum and molybdenum. In breeding

shutdown of the reactor) will be deliv-
ered abruptly at the surfaces of the ex-
changer, and this can cause large ther-
mal stresses. There can also be large
stresses arising from normal temperature
gradations across the tube walls of the
exchanger.

At the interface between the sodium
coolant and the water in the steam-gen-
erating system a more serious hazard
must be dealt with. Sodium, as every
chemistry student knows, reacts explo-
sively with water. Extreme care must
therefore be taken to prevent any leak-
age of the sodium into the water at the
exchangers where the sodium transfers
its heat to make steam. In EBR-I, to
ensure that there would be no leaks, the
tube walls between the sodium and the
water were three-layered—a layer of cop-
per sandwiched between two layers of
nickel. This is too expensive a system for
large-scale application. In EBR-II the
cost is reduced somewhat by the use of
double-walled tubes made of low-alloy
steel. Stainless steel under stress is cor-
roded by water, and up to now almost
all efforts to produce a steam generator
with single-walled tubes that is leak-
proof in a sodium-cooled system have
failed. The low-alloy steel used in EBR-
II is less susceptible than stainless steel
to such corrosion, however, and we have
reason to believe that with continued
improvements in the design and fabri-
cation of steam generators using this
material it will be possible to use
single-walled tubes in the commercial
plant.

Like the heat-exchange system, the
special pumps needed to move the
sodium have also undergone a develop-
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mental evolution. EBR-I employed an
ingenious pump of an electromagnetic
type that took advantage of sodium’s
high electrical conductivity. A direct
electric current was passed through the
sodium at right angles to an applied
magnetic field, and the electromotive
force thus produced propelled the so-
dium in the same way that a rotor is driv-
en in an electric motor. The EBR-I pri-
mary pump moved the sodium at the
rate of 500 gallons per minute at a pres-
sure of 30 pounds per square inch. For
the larger EBR-II, which calls for 10,000
gallons per minute at 60 pounds per
square inch, it proved to be difficult to
adapt the electromagnetic type of pump.
When the pump was scaled up to the
larger size, the prevention of leaks and
the supplying of the necessary current
(200,000 amperes) proved to be major
problems. The primary pump used in
EBR-II is therefore of the more conven-
tional centrifugal type. It employs liquid
sodium under high pressure in a bearing
near the impeller to steady and lubricate
the rotating shaft of the impeller.

In EBR-II the pump employed to drive

the secondary transport system (the
nonradioactive sodium carrying heat to
the steam generator) is an electromo-
tive device using alternating current.
Electric currents induced in the sodi-
um react on an applied magnetic field
to develop the driving force. This idea
is attractive because it obviates the
need for a high-current source and for
contacts to feed current into the sodium,
and because the pump output can be ac-
curately controlled more easily than in
a centrifugal pump. The arrangement is
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(light color) fertile uranium 238 absorbs a neutron and emits a beta
particle (e~ ) to become neptunium, which then undergoes beta
decay to become fissionable plutonium 239. In future breeders the
fission process will use atoms of plutonium rather than U-235.

flawed, however, by the fact that the
winding for producing the magnetic
field must be close to the hot sodium,
which makes the problem of cooling its
insulation difficult. It now appears that
in the commercial plant all the large
pumps, both primary and secondary, will
be scaled-up versions of the centrifugal
pumps used in the EBR-II primary sys-
tem. In the commercial plant the pri-
mary pumps will be required to deliver
a total of about 250,000 gallons of so-
dium per minute at a pressure of as much
as 90 pounds per square inch.

Now let us return to the reactor core
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future breeder reactor power plant with a



and examine the arrangements for han-
dling the fuel. The handling involves
removing the spent fuel elements for
reprocessing and replacing them with
fresh elements. Because the spent ele-
ments are highly radioactive, provision
must be made for cooling and shielding
them after they are unloaded from the
reactor.

In EBR-I the handling system was
rather simple. An aperture in the top lid
of the reactor vessel was opened, a grap-
ple was lowered to seize and lift the ele-
ment that was to be removed, and the
grapple deposited the element in a lead-
shielded cask, in which the element was
transferred to a storage area to await
reprocessing. In EBR-II several compli-
cations made it necessary to devise a
more elaborate system. Because its fuel
assemblies are all deeply immersed in
sodium, the problem of locating individ-
ual assemblies for removal arose. Cool-
ing became more difficult, because more
positive cooling measures are 1‘equi1‘ed
for an assembly of elements than are
necessary for a single element. Further-
more, in EBR-II the space above the re-
actor is crowded with control-rod mech-
anisms, which complicates the problem
of access to the reactor.

The system that was developed for
EBR-II works as follows. The reactor is
shut down by means of control rods, the
cover of the reactor vessel is unlocked
and raised, and the cover is turned to
place an opening over the fuel assembly
that is to be removed. A “hold-down”
mechanism is then lowered into the
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capacity of a million kilowatts are depicted schematically. The
primary sodium loop is involved in cooling the reactor. The sec-

vessel to keep in place the assemblies
around the one to be removed, after
which a gripper is attached to the as-
sembly and it is lifted out of the reactor.
A swinging transfer arm moves the as-
sembly to a storage rack, still inside the
primary tank and immersed in sodium.
The transfer arm picks up a fresh, un-
spent fuel assembly that has been stored
in the same rack and delivers it to the
gripper, which lowers it into the empty
position in the reactor.

The spent assembly remains in the
storage rack for two weeks, until its heat-
ing from fission-product radioactivity
has decreased substantially. It is then
lifted out of the sodium into a shielded
cask that runs on rails to an air lock in
the side of the reactor building, through
which it is discharged into another cask
for transportation to the fuel-reprocess-
ing building. There the fuel elements are
separated. For the first time they no
longer require the cooling provided ini-
tially by the sodium in the primary tank
and later by forced circulation of argon
gas.

The loading of the reactor with fresh
or reprocessed fuel follows a reverse pro-
cedure. The assembly of fuel elements
is preheated by hot argon gas during its
trip to the storage rack, so that the as-
sembly will not be damaged by thermal
shock when it is lowered into the hot
sodium in the tank.

The entire fuel-handling operation is
conducted by remote control, of course,
and fresh fuel assemblies can be deliv-
ered to the storage rack or spent ones
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removed from it while the reactor is in
operation. The fuel-handling system for
the commercial reactor probably will be
modeled on the one in EBR-II, with per-
haps some application of simpler fea-
tures from EBR-I.

To complete the picture, the reactor
control system should be mentioned. In
EBR-I the reactor’s power level was
regulated by movement of both the
blanket of uranium 238 surrounding the
core and of 12 uranium rods inserted in
the blanket. The movements controlled
the number of neutrons available to
cause fissions in the fuel. In EBR-II the
control rods are inserted into the core
itself, because such a placement will be
necessary in the large reactor of a com-
mercial plant. The 12 control rods of
the EBR-II contain fissionable fuel; in
the commercial plant the rods might
be loaded with nonfissionable neutron-
absorbing material to ensure more effec-
tive control.

have suggested many of the principal

problems to which research is being
directed in the advance toward an eco-
nomically competitive breeder reactor
plant. Much work remains to be done in
all these areas, but systematic progress
has been made, and we have every rea-
son to believe that by the 1980’s the
breeder plant will come into its own. In
that event there will be no need to be
concerned about the reserves of urani-
um, because the breeder will assure
mankind of a sufficient supply of fission-
able fuel for many centuries to come.
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ondary sodium loop transfers heat to a water system in which
steam is generated to run the turbines that generate electric power.
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The Diving Women of Korea and Japan

Some 30,000 of these breath-holding divers, called ama, are
employed in daily foraging for food on the bottom of the sea.

Their performance is of particular interest to the physiologist

ff the shores of Korea and south-
O ern Japan the ocean bottom is
rich in shellfish and edible sea-
weeds. For at least 1,500 years these
crops have been harvested by divers,
mostly women, who support their fam-
ilies by daily foraging on the sea bottom.
Using no special equipment other than
goggles (or glass face masks), these
breath-holding divers have become fa-
mous the world over for their perform-
ances. They sometimes descend to
depths of 80 feet and can hold their
breath for up to two minutes. Coming
up only for brief rests and a few breaths
of air, they dive repeatedly, and in warm
weather they work four hours a day, with
resting intervals of an hour or so away
from the water. The Korean women dive
even in winter, when the water tempera-
ture is 50 degrees Fahrenheit (but only
for short periods under such conditions).
For those who choose this occupation
diving is a lifelong profession; they begin
to work in shallow water at the age of 11
or 12 and sometimes continue to 65.
Childbearing does not interrupt their
work; a pregnant diving woman may
work up to the day of delivery and nurse
her baby afterward between diving shifts.
The divers are called ama. At present
there are some 30,000 of them living and
working along the seacoasts of Korea and
Japan. About 11,000 ama dwell on the
small, rocky island of Cheju off the south-
ern tip of the Korean peninsula, which
is believed to be the area where the div-
ing practice originated. Archaeological
remains indicate that the practice began
before the fourth century. In times past
the main objective of the divers may
have been pearls, but today it is solely
food. Up to the 17th century the ama of
Korea included men as well as women;
now they are all women. And in Japan,
where many of the ama are male, women
nevertheless predominate in the occupa-
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tion. As we shall see, the female is better
suited to this work than the male.

In recent years physiologists have
found considerable interest in studying
the capacities and physiological reactions
of the ama, who are probably the most
skillful natural divers in the world. What
accounts for their remarkable adaptation
to the aquatic environment, training or
heredity or a combination of both? How
do they compare with their nondiving
compatriots? The ama themselves have
readilycooperatedwithusin these studies.

We shall begin by describing the

dive itself. Basically two different
approaches are used. One is a simple
system in which the diver operates alone;
she is called cachido (unassisted diver).
The other is a more sophisticated tech-
nique; this diver, called a funado (as-
sisted diver), has a helper in a boat, usu-
ally her husband.

The cachido operates from a small
float at the surface. She takes several
deep breaths, then swims to the bottom,
gathers what she can find and swims up
to her float again. Because of the oxygen
consumption required for her swimming
effort she is restricted to comparatively
shallow dives and a short time on the
bottom. She may on occasion go as deep
as 50 or 60 feet, but on the average she
limits her foraging to a depth of 15 or
20 feet. Her average dive lasts about
30 seconds, of which 15 seconds is spent
working on the bottom. When she sur-
faces, she hangs on to the float and rests
for about 30 seconds, taking deep
breaths, and then dives again. Thus the
cycle takes about a minute, and the
diver averages about 60 dives an hour.

The funado dispenses with swimming
effort and uses aids that speed her de-
scent and ascent. She carries a counter-
weight (of about 30 pounds) to pull her
to the bottom, and at the end of her
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dive a helper in a boat above pulls her
up with a rope. These aids minimize
her oxygen need and hasten her rate of
descent and ascent, thereby enabling her
to go to greater depths and spend more
time on the bottom. The funado can
work at depths of 60 to 80 feet and
average 30 seconds in gathering on the
bottom—twice as long as the cachido.
However, since the total duration of each
dive and resting period is twice that
of the cachido, the funado makes only
about 30 dives per hour instead of 60.
Consequently her bottom time per hour
is about the same as the cachido’s. Her
advantage is that she can harvest deeper
bottoms. In economic terms this advan-
tage is partly offset by the fact that the
funado requires a boat and an assistant.

There are variations, of course, on the
two basic diving styles, almost as many
variations as there are diving locations.
Some divers use assistance to ascend but
not to descend; some use only light
weights to help in the descent, and so on.

By and large the divers wear minimal
clothing, often only a loincloth, during
their work in the water. Even in winter
the Korean divers wear only cotton bath-
ing suits. In Japan some ama have re-
cently adopted foam-rubber suits, but
most of the diving women cannot afford
this luxury.

The use of goggles or face masks to im-

prove vision in the water is a com-
paratively recent development—hardly a
century old. It must have revolutionized
the diving industry and greatly increased
the number of divers and the size of the
harvest. The unprotected human eye suf-
fers a basic loss of visual acuity in water
because the light passing through wa-
ter undergoes relatively little refraction
when it enters the tissue of the cornea,
so that the focal point of the image is
considerably behind the retina [see top



JAPANESE DIVING WOMAN was photographed by the Italian
writer Fosco Maraini near the island of Hekura off the western
coast of Japan. The ama’s descent is assisted by a string of lead
weights tied around her waist. At the time she was diving for aba-

lone at a depth of about 30 feet. At the end of each dive a helper in
a boat at the surface pulls the ama up by means of the long rope
attached to her waist. The other rope belongs to another diver.
The ama in this region wear only loincloths during their dives.
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illustration on page 40]. Our sharp vision
in air is due to the difference in the
refractive index between air and the cor-
neal tissue; this difference bends light
sharply as it enters the eye and thereby
helps to focus images on the retinal sur-
face. (The lens serves for fine adjust-
ments.) Goggles sharpen vision in the
water by providing a layer of air at the
interface with the eyeball.

Goggles create a hazard, however,
when the diver descends below 10 feet
in the water. The hydrostatic pressure
on the body then increases the internal
body pressures, including that of the
blood, to a level substantially higher
than the air pressure behind the goggles.
As a result the blood vessels in the eye-
lid lining may burst. This conjunctival
bleeding is well known to divers who
have ventured too deep in the water with

only simple goggles. When the Korean
and Japanese divers began to use gog-
gles, they soon learned that they must
compensate for the pressure factor.
Their solution was to attach air-filled,
compressible bags (of rubber or thin
animal hide) to the goggles. As the diver
descends in the water the increasing
water pressure compresses the bags,
forcing more air into the goggle space
and thus raising the air pressure there in
proportion to the increase in hydrostatic
pressure on the body. Nowadays, in
place of goggles, most divers use a face
mask covering the nose, so that air from
the lungs instead of from external bags
can serve to boost the air pressure in
front of the eyes.

The ama evolved another technique
that may or may not have biological
value. During hyperventilation before

their dives they purse their lips and emit
a loud whistle with each expiration of
breath. These whistles, which can be
heard for long distances, have become
the trademark of the ama. The basic
reason for the whistling is quite myste-
rious. The ama say it makes them “feel
better” and “protects the lungs.” Vari-
ous observers have suggested that it
may prevent excessive hyperventilation
(which can produce unconsciousness in
a long dive) or may help by increasing
the residual lung volume, but no evi-
dence has been found to verify these
hypotheses. Many of the Japanese divers,
male and female, do not whistle before
they dive.

Preparing for a dive, the ama hyper-
ventilates for five to 10 seconds, takes a
final deep breath and then makes the
plunge. The hyperventilation serves to
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GEOGRAPHIC DISTRIBUTION of the ama divers along the sea-
coasts of South Korea and southern Japan is indicated by the col-
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ored areas. The diving practice is believed to have originated on the
small island of Cheju off the southern tip of the Korean peninsula.



remove a considerable amount of carbon
dioxide from the blood. The final breath,
however, is not a full one but only about
85 percent of what the lungs can hold.
Just why the ama limits this breath is
not clear; perhaps she does so to avoid
uncomfortable pressure in the lungs or
to restrict the body’s buoyancy in the
water.

As the diver descends the water pres-
sure compresses her chest and conse-
quently her lung volume. The depth to
which she can go is limited, of course, by
the amount of lung compression she can
tolerate. If she dives deeper than the
level of maximum lung compression (her
“residual lung volume”), she becomes
subject to a painful lung squeeze; more-
over, because the hydrostatic pressure in
her blood vessels then exceeds the air
pressure in her lungs, the pulmonary
blood vessels may burst.

he diver, as we have noted, starts

her dive with a lungful of air that is
comparatively rich in oxygen and com-
paratively poor in carbon dioxide. What
happens to the composition of this air in
the lungs, and to the exchange with the
blood, during the dive? In order to in-
vestigate this question we needed a
means of obtaining samples of the diver’s
lung air under water without risk to the
diver. Edward H. Lanphier and Richard
A. Morin of our group (from the State
University of New York at Buffalo) de-
vised a simple apparatus into which the
diver could blow her lung air and then
reinhale most of it, leaving a small sam-
ple of air in the device. The divers were
understandably reluctant at first to try
this device, because it meant giving up
their precious lung air deep under water
with the possibility that they might not
recover it, but they were eventually
reassured by tests of the apparatus.

We took four samples of the diver’s
lung air: one before she entered the
water, a second when she had hyper-
ventilated her lungs at the surface and
was about to dive, a third when she
reached the bottom at a depth of 40 feet
and a fourth after she had returned to
the surface. In each sample we mea-
sured the concentrations and calculated
the partial pressures of the principal
gases: oxygen, carbon dioxide and ni-
trogen.

Normally, in a resting person out of
the water, the air in the alveoli of the
lungs is 14.3 percent oxygen, 5.2 per-
cent carbon dioxide and 80.5 percent
nitrogen (disregarding the rare gases and
water vapor). We found that after hyper-
ventilation the divers’ alveolar air con-

KOREAN DIVING WOMAN from Cheju Island cooperated with the authors in their study
of the physiological reactions to breath-hold diving. The large ball slung over her left
shoulder is a float that is left at the surface during the dive; attached to the float is a net for
collecting the catch. The black belt was provided by the authors to carry a pressure-sensitive
bottle and electrocardiograph wires for recording the heart rate. The ama holds an alveolar,
or lung, gas sampler in her right hand. The Korean ama wear only light cotton bathing suits
even in the winter, when the water temperature can be as low as 50 degrees Fahrenheit.
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basic techniques of ama diving. The cachido operates from a small 15 seconds is spent working on the bottom. The entire diving cycle
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e OXYGEN
e CARBON DIOXIDE

o NITROGEN

sists of 16.7 percent oxygen, 4 percent SURFACE
carbon dioxide and 79.3 percent nitro- 16.7 OXYGEN
gen; translating these figures into par- 4 CARBON DIOXIDE
tial pressures (in millimeters of mer- 79.3 NITROGEN
cury), the respective proportions are 120
millimeters for oxygen, 29 for carbon
dioxide and 567 for nitrogen.
By the time the cachido (unassisted
diver) reaches the bottom at a depth of
40 feet the oxygen concentration in her
lungs is reduced to 11.1 percent, because
of the uptake of oxygen by the blood. DESCENT
However, since at that depth the wa-
ter pressure has compressed the lungs
to somewhat more than half of their
pre-dive volume, the oxygen pressure
amounts to 149 millimeters of mercury—
a greater pressure than before the dive.
Consequently oxygen is still being trans-
mitted to the blood at a substantial rate.
For the same reason the blood also
takes up carbon dioxide during the dive.
The carbon dioxide concentration in the
lungs drops from 4 percent at the be-
ginning of the dive to 3.2 percent at the
bottom. This is somewhat paradoxical;
when a person out of the water holds his
breath, the carbon dioxide in his lungs
increases. At a depth of 40 feet, how-
ever, the compression of the lung volume
raises the carbon dioxide pressure to 42 GASES EXCHANGED b ol alveol ) d the blood
millimeters of mercury, and this is great- shown for four sta § etwe'enla sine .ey alveolus, or fung sac, and the bloodstream are
A . ges of a typical ama dive. The concentrations of three principal gases in
er than the carbon dioxide pressuré m -y, lung at the surface and at the bottom are given in percent. During descent water pres-
the venous blood. As a result the blood  gure on the lungs causes all gases to enter the blood. During ascent this situation is reversed.
and tissues retain carbon dioxide and

even absorb some from the lungs.
As the diver ascends from the bottom, —BEFORE DIVE —><—————— DURING DIVE

= e

BOTTOM ;
1.1 OXYGEN ;

AFTER DIVE —

the expansion of the lungs drastically re- 110 [ | B — [
[
i

verses the situation. With the reduction |
|

of pressure in the lungs, carbon dioxide /"_

comes out of the blood rapidly. Much i | :'l |

more important is the precipitous drop 100 . 4

of the oxygen partial pressure in the | | |

lungs: within 30 seconds it falls from

149 to 41 millimeters of mercury. This is | '

no greater than the partial pressure of

oxygen in the venous blood; hence the

blood cannot pick up oxygen, and Lan-

phier has shown that it may actually

lose oxygen to the lungs. In all probabil-

ity that fact explains many of the deaths

that have occurred among sports divers

returning to the surface after deep,

lengthy dives. The cumulative oxygen ! ':

deficiency in the tissues is sharply accen- 70 - ¢

tuated during the ascent. | E
»
)

'

0 ¢ - T
[ 4 |

80 } =

BEATS PER MINUTE

—

Our research has also yielded a mea- . |
sure of the nitrogen danger in a long | |
dive. We found that at a depth of 40 feet = e SN SE—
the nitrogen partial pressure in the com- TH%AO{: < 30 40 50 60
pressed lungs is doubled (to 1,134 milli- (SECONDS)
meters of mercury), and throughout the AVERAGE HEART RATE for a group of Korean ama was measured before, during and
dive the nitrogen tension is sufficient to  after their dives. All the dives were to a depth of about 15 feet. The average pattern shown
drive the gas into the blood. Lanphier here was substantially the same in the summer, when the water temperature was about 80
has calculated that repeated dives to  degrees Fahrenheit, as it was in winter, when water temperature was about 50 degrees F.
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GOGGLES SHARPEN VISION under water by providing a layer of air at the interface with
the eyeball (c). Vision is normally sharp in air because the difference in refractive index
between air and the tissue of the cornea helps to focus images on the retinal surface (a). The
small difference in the refractive index between water and corneal tissue causes the focal
point to move considerably beyond the retina (b), reducing visual acuity under water.

EVOLUTION OF GOGGLES has resulted in several solutions to the problem presented by
the increase in hydrostatic pressure on the body during a dive. The earliest goggles (a) were
uncompensated, and the difference in pressure between the blood vessels in the eyelid and
the air behind the goggles could result in conjunctival bleeding. The problem was first
solved by attaching air-filled, compressible bags to the goggles (b). During a dive the in-
creasing water pressure compresses the bags, raising the air pressure behind the goggles in
proportion to the increase in hydrostatic pressure on the body. In some cases (c) the lungs
were used as an additional compensating gas chamber. With a modern face mask that covers
the nose (d) the lungs provide the only source of compensating air pressure during a dive.
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depths of 120 feet, such as are per-
formed by male pearl divers in the Tua-
motu Archipelago of the South Pacific,
can result in enough accumulation of ni-
trogen in the blood to cause the bends
on ascent. When these divers come to the
surface they are sometimes stricken by
fatal attacks, which they call taravana.
The ama of the Korean area are not so
reckless. Long experience has taught
them the limits of safety, and, although
they undoubtedly have some slight
anoxia at the end of each dive, they
quickly recover from it. The diving
women content themselves with com-
paratively short dives that they can per-
form again and again for extended
periods without serious danger. They
avoid excessive depletion of oxygen and
excessive accumulation of nitrogen in

their blood.

As far as we have been able to deter-

mine, the diving women possess no
particular constitutional aptitudes of a
hereditary kind. The daughters of Ko-
rean farmers can be trained to become
just as capable divers as the daughters of
divers. The training, however, is impor-
tant. The most significant adaptation the
trained diving women show is an un-
usually large “vital capacity,” measured
as the volume of air that can be drawn
into the lungs in a single inspiration after
a complete expiration. In this attribute
the ama are substantially superior to
nondiving Korean women. It appears
that the divers acquire this capacity
through development of the muscles in-
volved in inspiration, which also serve
to resist compression of the chest and
lung volume in the water.

A large lung capacity, or oxygen in-
take, is one way to fortify the body for
diving; another is conservation of the
oxygen stored in the blood. It is now
well known, thanks to the researches of
P. F. Scholander of the Scripps Institu-
tion of Oceanography and other investi-
gators, that certain diving mammals and
birds have a built-in mechanism that
minimizes their need for oxygen while
they are under water [see “The Mas-
ter Switch of Life,” by P. F. Scholan-
der; ScienTiFiIc AMERICAN, December,
1963]. This mechanism constricts the
blood vessels supplying the kidneys and
most of the body muscles so that the
blood flow to these organs is drastically
reduced; meanwhile a normal flow is
maintained to the heart, brain and other
organs that require an undiminished
supply of oxygen. Thus the heart can
slow down, the rate of removal of oxy-
gen from the blood by tissues is reduced,



and the animal can prolong its dive.

Several investigators have found re-
cently that human subjects lying under
water also slow their heart rate, although
not as much as the diving animals do.
We made a study of this matter in the
ama during their dives. We attached elec-
trodes (sealed from contact with the sea-
water) to the chests of the divers, and
while they dived to the bottom, at the
end of a 100-foot cable, an electrocardio-
graph in our boat recorded their heart
rhythms. During their hyperventilation
preparatory to diving the divers’ heart
rate averaged about 100 beats a minute.
During the dive the rate fell until, at 20
seconds after submersion, it had dropped
to 70 beats; after 30 seconds it dropped
further to some 60 beats a minute [see
bottom illustration on page 39]. When
the divers returned to the surface, the
heart rate jumped to slightly above nor-
mal and then rapidly recovered its usual
beat.

Curiously, human subjects who hold
their breath out of the water, even in an
air pressure chamber, do not show the
same degree of slowing of the heart. It
was also noteworthy that in about 50
percent of the dives the ama showed
some irregularity of heartbeat. These
and other findings raise a number of puz-
zling questions. Nevertheless, one thing
is quite clear: the automatic slowing of
the heart is an important factor in the
ability of human divers to extend their
time under water.

In the last analysis the amount of time
one can spend in the water, even with-
out holding one’s breath, is limited by
the loss of body heat. For the working
ama this is a critical factor, affecting the
length of their working day both in sum-
mer and in winter. (They warm them-
selves at open fires after each long div-
ing shift) We investigated the effects of
their cold exposure from several points
of view, including measurements of the
heat losses at various water temperatures
and analysis of the defensive mecha-
nisms brought into play.

For measuring the amount of the
body’s heat loss in the water there are
two convenient indexes: (1) the increase
of heat production by the body (through
the exercise of swimming and shivering)
and (2) the drop in the body’s internal
temperature. The body’s heat produc-
tion can be measured by examining its
consumption of oxygen; this can be
gauged from the oxygen content of the
lungs at the end of a dive and during
recovery. Our measurements were made
on Korean diving women in Pusan har-
bor at two seasons of the year: in August,
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BODY HEAT lost by ama divers was found to be about 400 kilocalories in a summer shift
(left) and about 600 kilocalories in a winter shift (right). The curves above the abscissa
at zero kilocalories represent heat generated by swimming and shivering and were estimated
by the rate of oxygen consumption. The curves below abscissa represent heat lost by the body
to the water and were estimated by changes in rectal temperature and skin temperature.
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BASAL METABOLIC RATE of ama women (top gray curve) increases in winter and
decreases in summer. In nondiving Korean women (bottom gray curve) basal metabolic rate
is constant throughout the year. The colored curve shows the mean seawater temperatures
in the diving area of Pusan harbor for the same period covered by the other measurements.
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when the water temperature was 80.6
degrees F. and in January with the
water temperature at 50 degrees.

In both seasons at the end of a single
diving shift (40 minutes in the summer,
25 minutes in winter) the deep-body
temperature was found to be reduced
from the normal 98.6 degrees F. to 95
degrees or less. Combining this informa-
tion with the measurements of oxygen
consumption, we estimated that the
ama’s body-heat loss was about 400 kilo-
calories in a summer shift and about 600
kilocalories in a winter shift. On a daily
basis, taking into consideration that the
ama works in the water for three long
shifts each day in summer and only one
or two short shifts in winter, the day’s
total heat loss is estimated to be about
the same in all seasons: approximately
1,000 kilocalories per day.

To compensate for this loss the Korean
diving woman eats considerably more
than her nondiving sisters. The ama’s
daily food consumption amounts to
about 3,000 kilocalories, whereas the
average for nondiving Korean women of
comparable age is on the order of 2,000
kilocalories per day. Our various items
of evidence suggest that the Korean div-
ing woman subjects herself to a daily
cold stress greater than that of any other
group of human beings yet studied. Her

S

BETWEEN DIVES the ama were persuaded to expire air into a
large plastic gas bag in order to measure the rate at which oxygen
is consumed in swimming and diving to produce heat. The water
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extra food consumption goes entirely into
coping with this stress. The Korean div-
ing women are not heavy; on the con-
trary, they are unusually lean.

It is interesting now to examine whether

or not the diving women have de-
veloped any special bodily defenses
against cold. One such defense would be
an elevated rate of basal metabolism,
that is, an above-average basic rate of
heat production. There was little reason,
however, to expect to find the Korean
women particularly well endowed in this
respect. In the first place, populations of
mankind the world over, in cold climates
or warm, have been found to differ little
in basal metabolism. In the second place,
any elevation of the basal rate that might
exist in the diving women would be too
small to have much effect in offsetting
the large heat losses in water.

Yet we found to our surprise that the
diving women did show a significant ele-
vation of the basal metabolic rate—but
only in the winter months! In that season
their basal rate is about 25 percent high-
er than that of nondiving women of the
same community and the same economic
background (who show no seasonal
change in basal metabolism). Only one
other population in the world has been
found to have a basal metabolic rate
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as high as that of the Korean diving
women in winter: the Alaskan Eskimos.
The available evidence indicates that the
warmly clothed Eskimos do not, how-
ever, experience consistently severe cold
stresses; their elevated basal rate is be-
lieved to arise from an exceptionally
large amount of protein in their diet. We
found that the protein intake of Korean
diving women is not particularly high.
It therefore seems probable that their
elevated basal metabolic rate in winter
is a direct reflection of their severe ex-
posure to cold in that season, and that
this in turn indicates a latent human
mechanism of adaptation to cold that is
evoked only under extreme cold stresses
such as the Korean divers experience.
The response is too feeble to give the
divers any signiﬁcant amount of protec-
tion in the winter water. It does, how-
ever, raise an interesting physiological
question that we are pursuing with fur-
ther studies, namely the possibility that
severe exposure to winter cold may, as a
general rule, stimulate the human thy-
roid gland to a seasonal elevation of
activity.

The production of body heat is one
aspect of the defense against cold; an-
other is the body’s insulation for retain-
ing heat. Here the most important factor
(but not the only one) is the layer of fat

temperature in Pusan harbor at the time (January) was 50 degrees
F. One of the authors (Hong) assists. Data obtained in this way
were used to construct the graph at the top of the preceding page.



under the skin. The heat conductivity of
fatty tissue is only about half that of
muscle tissue; in other words, it is twice
as good an insulator. Whales and seals
owe their ability to live in arctic and
antarctic waters to their very thick layers
of subcutaneous fat. Similarly, subcu-
taneous fat explains why women domi-
nate the diving profession of Korea and
Japan; they are more generously en-
dowed with this protection than men
are.

Donald W. Rennie of the State Uni-
versity of New York at Buffalo collabo-
rated with one of the authors of this
article (Iong) in detailed measurements
of the body insulation of Korean women,
comparing divers with nondivers. The
thickness of the subcutaneous fat can
easily be determined by measuring the
thickness of folds of skin in various parts
of the body. This does not, however, tell
the whole story of the body’s thermal
insulation. To measure this insulation in
functional terms, we had our subjects lie
in a tank of water for three hours with
only the face out of the water. From
measurements of the reduction in deep-
body temperature and the body’s heat
production we were then able to calcu-
late the degree of the subject’s overall
thermal insulation. These studies re-
vealed three particularly interesting
facts. They showed, for one thing, that
with the same thickness of subcutaneous
fat, divers had less heat loss than non-
divers. This was taken to indicate that
the divers’ fatty insulation is supple-
mented by some kind of vascular adap-
tation that restricts the loss of heat from
the blood vessels to the skin, particu-
larly in the arms and legs. Secondly,
the observations disclosed that in win-
ter the diving women lose about half of
their subcutaneous fat (although non-
divers do not). Presumably this means
that during the winter the divers’ heat
loss is so great that their food intake does
not compensate for it sufficiently; in any
case, their vascular adaptation helps
them to maintain insulation. Thirdly, we
found that diving women could tolerate
lower water temperatures than nondiv-
ing women without shivering. The div-
ers did not shiver when they lay for
three hours in water at 82.8 degrees F.;
nondivers began to shiver at a tempera-
ture of 86 degrees. (Male nondivers shiv-
ered at 88 degrees.) It appears that the
diving women’s resistance to shivering
arises from some hardening aspect of
their training that inhibits shiver-trigger-
ing impulses from the skin. The inhibi-
tion of shivering is an advantage because
shivering speeds up the emission of body
heat. L. G. Pugh, a British physiologist

AMA’S THERMAL INSULATION (mainly fat) was measured by having the subjects lie in
a tank of water for three hours. From measurements of the reduction of deep-body tempera-
ture and the body’s heat production the authors were able to calculate the degree of the sub-
ject’s overall thermal insulation. Once again Hong (left) keeps a close eye on the operation.

who has studied long-distance swim-
mers, discovered the interesting addi-
tional fact that swimmers, whether fat or
thin, lose heat more rapidly while swim-
ming than while lying motionless in the
water. The whole subject of the body’s
thermal insulation is obviously a rather
complicated one that will not be easy to
unravel. As a general conclusion, how-
ever, it is very clearly established that
women are far better insulated than men
against cold.

K a concluding observation we should

note that the 1,500-year-old diving
occupation in Korea and Japan is now
declining. The number of divers has
dwindled during the past few decades,
and by the end of this century the pro-
fession may disappear altogether, chiefly
because more remunerative and less
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arduous ways of making a living are
arising. Nonetheless, for the 30,000
practitioners still active in the diving
profession (at least in summer) diving
remains a proud calling and necessary
livelihood. By adopting scuba gear and
other modern underwater equipment the
divers could greatly increase their pro-
duction; the present harvest could be
obtained by not much more than a tenth
of the present number of divers. This
would raise havoc, however, with em-
ployment and the economy in the hun-
dreds of small villages whose women
daily go forth to seek their families’
existence on the sea bottom. For that
reason innovations are fiercely resisted.
Indeed, many villages in Japan have
outlawed the foam-rubber suit for div-
ers to prevent too easy and too rapid
harvesting of the local waters.
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Small Systems of Nerve Cells

In some invertebrate animals complete behavioral functions may be

controlled by a very few cells. This makes it possible to trace out

the interactions of the cells and so to investigate nervous integration

r I Yhe nervous system of a man com-
prises between 10 billion and 100
billion cells, and the “lower” mam-

mals men study in an effort to under-
stand their own brains may have two or
three billion nerve cells. Even special-
ized parts of vertebrate nervous systems
have an awesome number of elements:
the retina of the eye has about 130 mil-
lion receptor cells and sends more than
a million nerve fibers to the brain; a
single segment of spinal cord controls
the few muscles it operates through sev-
eral thousand motoneurons, or motor
nerve cells, which in turn receive instruc-
tions from a larger number of sensory
elements.

These vast populations of cells pre-
sent a formidable challenge to biologists
trying to understand how the nervous
system works. Since the system is made
up of cells, one would like to understand
it in terms of cellular activities, and by
examining the activity of single nerve
cells investigators have been able to
learn a great deal about the nature of the
nerve impulse and about the generation
and transmission of the patterns of im-
pulses that constitute nervous signals.
The ultimate object must be, however,
to understand not only the activities of
single cells but also the rules of their in-
teraction. Since one cannot expect to
understand even the most restricted sys-
tems by predicting the possible interac-
tions of an inadequately sampled popu-
lation of cells, mammalian physiologists
have devised ingenious ways of circum-
venting the superabundance of elements,
involving particularly biochemical stud-
ies of regions of the brain and sophis-
ticated computer analyses of brain
waves. The trouble is that most of these
methods treat cells as anonymous mem-
bers of a population rather than as inter-
acting individuals.
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by Donald Kennedy

Some biologists are taking a different
approach, one that retains the individu-
al nerve cell as the focus of attention
and yet attempts to deal with groups of
them. This approach is made possible
by the availability of animals that have
fewer nerve cells than any vertebrate
and that nonetheless display reasonably
complex behavior. The claw-bearing
limb of the shore crab, for example,
shows impressive coordination and
range of movement, made possible by
six movable joints with pairs of muscles
acting in opposition to each other. As a
mechanical device it is in most ways the
equal of a mammalian limb, yet the crab
operates all this machinery with about
two dozen motor nerve cells. A mammal
of comparable size would employ sev-
eral thousand for the analogous purpose.

Nor is such parsimony confined to the
motor apparatus: in contrast to the sev-
eral billion cells of the entire mamma-
lian nervous system, the crab has only
half a million or so. The real utility of
such systems to the investigator becomes
apparent only when one concentrates on
the nerve cells belonging to one func-
tional unit such as a reflex pathway, a
special sense organ or a particular pat-
tern of behavior. Indeed, the nervous
systems of some of the higher inverte-
brate animals are so economically built
that for certain functions one may hope
to specify the activity of every individual
cell.

This achievement would be a hollow
one insofar as learning about mamma-
lian nervous systems is concerned if
the additional complexity of more “ad-
vanced” systems depended heavily on
new capabilities of the individual cells
comprising them. All the evidence, how-
ever, indicates that the performance
limits of the single nerve cell are already
reached in relatively simple animals.
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The central nervous elements found in
the lobster or the sluglike “sea hare”
nearly equal those of mammals in size,
quantity of input and structural com-
plexity. The marvelous performance of
the mammalian brain is, it appears, not
so dependent on the individual capabili-
ties of its cells as it is on their greater
number and the resulting opportunities
for permutation. Therefore an under-
standing of the connections underlying
behavior in a simple system can lead to
useful conclusions about the organiza-
tion of much more complicated ones.

The difficulty lies in the choice of ap-
propriate experimental objects. Ideal-
ly one needs a nervous system that pro-
duces a reasonably complex repertory of
behavior and has only a few cells, each
of which can be recognized and located
time after time. In certain animals spe-
cialized giant cells offer this ready iden-
tifiability. The giant axons, or nerve fi-
bers, of the squid and the lobster are
an example, and biophysicists have long
exploited them for experiments on the
properties of nerve-cell membranes. A
student of integrative processes in the
nervous system needs more; he wants to
specify individual properties for each
cell in an entire functional assembly.
Two different kinds of nervous system
seem particularly promising for this pur-
pose: that of mollusks and that of arthro-
pods. The most thoroughly studied mol-
lusk is the sea hare Aplysia, a snail that
has only a vestigial shell and leads a
somewhat more mobile life than its rela-
tives. Its nervous system is concentrated
in a few large ganglia connected by
nerve trunks. Several features of the cells
are advantageous. The cell bodies are
unusually large, some with a diameter of
.8 millimeter and the rest well sorted in
size below this maximum. They contain



CRAYFISH ABDOMEN responds in complex and specific ways to
stimulation of different single cells in the central nervous system.
Frames from a motion-picture film made by Benjamin Dane in the
author’s laboratory record the effects of two different “command
fibers”; the drawings specify the initial (blue) and the final (red)

positions of the abdomen. One fiber evoked activity primarily in
the forward segments (left) ; the other produced extension in all
segments (right). Colored spots on the abdomen facilitated precise
measurement of segment angles. Visible effects were confirmed by
recording the activity of motor nerve fibers in the first segment.
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CEREBRAL GANGLIA

PLEURAL GANGLION

PLEURAL GANGLION

A

LEFT CONNECTIVE

SIPHON NERVE

NERVOUS SYSTEM of the “sea hare” Aplysia, a mollusk, lends it-
self to investigation because its cells are few, large and identifiable.
Here the entire system is diagrammed and the paths of two nerve
cells are shown in color. One of them (red) is cell No. 1 in the

PEDAL GANGLIA

|

PEDAL NERVES

\

ANTERIOR
PARAPODIAL
NERVE

MIDDLE
PARAPODIAL
NERVE

POSTERIOR
PARAPODIAL
NERVE

RIGHT CONNECTIVE

PARIETO-VISCERAL
GANGLIA

BRANCHIAL NERVE

ganglion illustrated on the opposite page. The routes of a large
number of Aplysia cells were worked out by L. Tauc of the Centre
National de Recherche Scientifique in Paris and G. M. Hughes of
Bristol University by recording from individual nerve cell bodies.
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a variety of yellow and orange pigments
in different proportions. Particular cells
are consistent in position from one ani-
mal to the next. Several dozen cells can
therefore be reliably recognized in dif-
ferent individuals by their size, color and
position [see illustrations on this page].

Aplysia was first intensively studied
in the late 1940’s by A. Arvanitaki-Chal-
azonitis in her laboratory in Monaco. It
has since attracted a number of investi-
gators, notably L. Tauc of the Centre
National de Recherche Scientifique in
Paris, Eric R. Kandel of New York Uni-
versity and Felix Strumwasser of the
California Institute of Technology. Tauc
and his collaborators, notably G. M.
Hughes of Bristol University, have con-
structed ingenious physiological maps of
several Aplysia cells [see illustration on
opposite page]. They accomplished this
by inserting a glass microelectrode into a
cell body and placing wire electrodes on
all the nerve trunks connecting with the
ganglion in which the cell body was lo-
cated. If a particular nerve contained an
axon of the cell in which the microelec-
trode was located, the microelectrode
recorded an impulse when that nerve
was stimulated with a brief electric
shock. The branches of the axons may be
arranged in an extremely complex way,
but each cell is characterized by a con-
stant arrangement of branches.

Other workers have demonstrated that
the connections made in turn by such
branches with other nerve cells are also
constant. Microelectrodes were inserted
in several identified cells, and one micro-
electrode was used to stimulate the cell
it had penetrated while the others re-
corded impulse activity. A particular
cell produced either of two kinds of
effect in a nerve cell to which it was con-
nected: an excitation, sometimes strong
enough to evoke an impulse in the sec-
ond cell, or an inhibition, which opposed
the discharge of impulses. Strumwasser
and Kandel have demonstrated that a
single cell can directly excite some cells
and inhibit others, and that a certain set
of identifiable cells is always excited by
a given cell and another set always in-
hibited.

The ganglia of Aplysia have been used
in the investigation of two other impor-
tant problems in nerve physiology: the
cellular modifications that take place
during “conditioning” and the origin of
“discharge rhythms.” To investigate the
first, Kandel and Tauc recorded from an
identifiable cell with a microelectrode
while stimulating two nerve trunks con-
taining nerve fibers that excited the re-
corded cell. A shock delivered to one of

PARIETO-VISCERAL GANGLION of Aplysia, photographed unstained by Felix Strum-
wasser of the California Institute of Technology, measures about 2.5 millimeters across.

BRANCHIAL
/ NERVE .

INDIVIDUAL CELLS that are consistently identifiable in the ganglion are diagrammed.
Not all are clearly seen in the photograph, in which a microelectrode points to cell No. 3.

these nerves produced strong excitation,
indicating that it was the more effective
pathway; the other produced only a
weak effect. If the shocks to the two
pathways were repeatedly paired so that
the weak followed the strong at a fixed,
short interval, the response to the weak
pathway became “conditioned” to the
strong excitation; the response increased
dramatically and stayed elevated for 15
minutes or more after the conditioning
period. If the same number of shocks
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was delivered to both pathways for the
same period but at random intervals,
conditioning did not occur; the response
to the weak pathway was not affected.
Such systems promise that electrophysi-
ological studies on learning may at last
be brought down to the cellular level.
Nerve cells often discharge rhyth-
mically, in bursts that last for a few
seconds and are separated by longer in-
tervals. Strumwasser discovered a partic-
ularly dramatic instance of rhythmicity
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EYE OF HERMISSENDA is enlarged about 900 diameters in a photomicrograph made by
the late John Barth at Stanford University. The longitudinal section shows the lens (con-
centric rings) and the retina below it. The granular gray structure just below and to the left
of the black pigment screening the retina is the nucleus of one of the five receptor cells.

in a certain Aplysia cell whose activity—
recorded over long periods of time in an
isolated ganglion—exhibits a “circadian,”
or approximately 24-hour, rhythm. Its
most active period is a few hours before
what would be sunset on a normal light
schedule. This inherent periodicity, like
that of other biological clocks, is main-
tained even if such environmental varia-
bles as light and temperature are held
constant. Strumwasser is now investigat-
ing the chemical changes that are cor-
related with the discharge cycle.

rl‘he large size and small number of

nerve cells in certain mollusks makes
them convenient systems in which to
study a number of sensory phenomena.
The mollusk Hermissenda, for example,
has provided information on the nerve-
cell interactions that underlie the proc-
essing of visual information in a simple
“camera” eye: an eye in which a single
lens focuses light on a retina of receptor
cells. Vertebrate camera eyes have too
many cells for such analysis, and so in-
vestigators have relied largely on sim-
pler compound eyes, in which a num-
ber of independent elements, each with
its own lens and sensory cells, send fibers
to the central nervous system. Studies of
such compound eyes, particularly in the
horseshoe crab Limulus, revealed the
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existence of one especially important
process in visual systems: H. K. Hartline
and his associates at the Rockefeller In-
stitute found that when a given visual
element is illuminated, it not only sends
a train of impulses to the central nervous
system along its own nerve fiber; it also
inhibits the discharge of neighboring ele-
ments in the eye. This “lateral inhibi-
tion” decreases with distance from the
visual element, and it functions to raise
the level of contrast at boundaries of
stimulus intensity [see “How Cells Re-
ceive Stimuli,” by William H. Miller,
Floyd Ratliff and H. K. Hartline; Scien-
TIFIC AMERICAN, September, 1961].

Is lateral inhibition also an essential
component of image-formation in other
kinds of eye? What is the minimum num-
ber of light-receptor cells necessary to
form a useful spatial representation of
the visual field? What rules are followed
in connecting them? These are among
the questions investigated in our labora-
tory at Stanford University, first by the
late John Barth and more recently by
Michael Dennis, in the course of a study
of the eye of Hermissenda. The eye mea-
sures less than .1 millimeter in its long
dimension and consists of a lens, a cup
of black pigment to ensure that light
enters only from the right direction, and
an underlying retina of receptor cells.
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The remarkable feature of this miniature
camera eye is that its retina consists of
only five receptor cells, each one large
enough to be penetrated with micro-
electrodes.

Barth found that cells exposed to light
might respond in one of three ways: with
an accelerated discharge, with a slower
rate of firing followed by an “off” dis-
charge (signaling the cessation of illu-
mination) or with some complex mixture
of the two. Dennis’ experiments show
clearly that this differentiation is not the
result of separate classes of receptors.
Both the excitatory response and the in-
hibitory one show similar peaks of sen-
sitivity across the visible spectrum, indi-
cating that they depend on the same
light-absorbing pigment. When the ac-
tivity of a pair (or a trio) of cells is re-
corded simultaneously, each impulse in
one cell is followed by inhibition in
the other (or the other two), indicating
the presence of cross-connections among
them [see upper illustration on opposite
page]. Since this situation always holds,
we conclude that the inhibitory network
connects every cell with all four others.

We originally doubted that a mosaic
of only five cells could actually form
images as larger camera eyes do, but
Dennis has demonstrated that the mosaic
does indeed have the ability to detect
the position of small light sources in the
visual field. In one experiment a spot of
light five degrees in diameter was moved
from right to left and back again on a
screen facing the eye [see lower illustra-
tion on opposite page]. Two of the five
receptor cells were impaled with micro-
electrodes; one, whose activity is shown
in the lower trace of each record, re-
sponded more strongly when the spot
was moved to the left, and held its neigh-
bor, whose activity is shown in the upper
trace, under effective inhibitory check.
When the light was at the right, the dis-
charge ratio had been such that both
cells were firing at almost the same fre-
quency, and it returned to this former
value when the spot was moved back to
the right. Clearly the relative intensities
impinging on the two cells must have
been different for the two positions of
the light. With the light at the left, the
lower cell was more strongly illuminated
and consequently fed a stronger inhibi-
tion to its neighbor; with the light at the
right, the intensities were presumably
nearly balanced. In addition, it may be
that specific cells display individual per-
sonalities even under perfectly homoge-
neous illumination; those with compara-
tively little light-sensitive pigment or
with relatively strong inhibitory input,



for example, would be particularly likely
to respond in a predominantly inhibitory
fashion and so would be characterized
as “oft” cells.

As the records show, there is a strong
tendency for pairs of cells to fire at the
same instant, even when their frequen-
cies of discharge are quite different. This
behavior cannot be accounted for on the
basis of the inhibitory interaction alone,
and it turns out that there is an addi-
tional kind of interaction of cells. It is of
an excitatory nature, is very brief and is
probably mediated by direct electrical
connections between two cells. It pro-
motes simultaneous discharge by acting
as a trigger for the initiation of impulses
in neighboring cells that are nearly ready
to fire anyway. The resulting tendency
to synchronize may be of value to the
region of the brain that receives the vi-
sual messages.

These results indicate the technical
advantage of small systems of nerve cells
to the physiologist. In a larger sense
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“ON” AND “OFF” responses are seen in records made simulta-
neously in two Hermissenda receptor cells. An impulse from either
cell 4 or B (I, 3) produces an inhibitory hyperpolarization in

LIGHT AT RIGHT

they illustrate how a few elements con-
nected in simple ways can serve an
organism remarkably well. It appears
that with five receptor cells, a modest
optical system and two types of inter-
action Hermissenda can build a crude
image-forming system capable of en-
hancing contrast at boundaries and—at
least theoretically—of measuring the
speed and direction of moving objects.

"I"he nerve cells of some crustaceans

and insects are also easy to recognize
individually, and there are relatively few
of them. (They are not so spectacularly
large as those in Aplysia, and instead of
recording from the cells with microelec-
trodes most investigators dissect single
axons from the connective nerves that
run between central ganglia.) In such
nervous systems a very few cells some-
times control a specific, anatomically
restricted process. A network of this kind
is found, for example, in the hearts of
crabs and lobsters, where the beat is

lT.
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triggered and spread by an assembly of
only nine to 11 cells embedded in the
heart muscle. Some of these cells are
“pacemakers,” which initiate impulses
spontaneously at regular intervals; oth-
ers are “followers” activated by the pace-
makers. Connections among the follower
cells marshal their responses into a burst
of activity that grows and then subsides
until the next pacemaker signals arrive.
Activity from the followers also has a
subtle feedback effect on the pacemaker
frequency. With this system Theodore
H. Bullock and his collaborators at the
University of California at Los Angeles
have pioneered in examining restricted
ensembles of nerve cells to establish
principles of nervous integration.

Can such analyses be expanded to
deal with larger groups of nerve cells
that control entire systems of muscles, or
even control behavior complex enough
to orient an animal in its environment or
move the animal through it? They can,
provided that the controlling cells are in-
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the other cell (2, 4). The illumination of cell D (interval between
arrows) makes it fire faster, inhibiting cell C. When the light is
turned off, cell C is released from inhibition and discharges again.
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POSITION IS DETECTED by the differential responses of two
receptor cells in Hermissenda. The discharge rates of cells A and
B were about the same when a light was placed to the right of the
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field of view. As the light was moved to the left cell B discharged
relatively more rapidly, effectively inhibiting cell A. When the light
was moved back again, the former discharge ratio was reestablished.

49



dividually unique and are identifiable by
the experimenter. The feasibility of such
studies has been demonstrated primarily
by C. A. G. Wiersma and his co-workers
at the California Institute of Technology.
In a series of investigations spanning the
past three decades Wiersma has con-
cerned himself with crustacean muscles
and the motor-nerve axons that inner-
vate them. The motor axons—which are
remarkably few in number—can be dis-
tinguished from one another by their dif-
ferent electrical effects on the muscle
and by the kinds of contraction they
evoke. Some produce quick twitches by
generating large, abrupt depolarizations
(reductions in membrane potential that
lead to excitation) in the muscle fibers;
others make the muscle contract in a
more sustained way by producing small
and gradually augmenting depolariza-
tions; still others prevent contraction.
The number of nerve fibers serving any
given muscle is small enough so that one
can distinguish the impulses of each one
in an electrical record from the entire
nerve and correlate these impulses with
events in the muscle.

Wiersma has exposed an even more
remarkable differentiation of elements
in the central nervous system of the
crayfish. Single interneurons—nerve cells
that collect information from a number
of sensory fibers—can be isolated for
electrical recording from a part of the
central nervous system in the abdomen;

elsewhere such a cell runs its normal
course, making connections by branch-
ing in each of several different ganglia.
Wiersma has prepared maps that give
the distribution over the animal’s surface
of the sensory receptors that will excite
each such cell. He has shown that each
interneuron is uniquely connected with
a set of sensory-nerve fibers, so that a
cell with a specific map is always found
in the same anatomical location in the
central nervous system.

A particular group of touch-sensitive
hairs on the back of the fourth abdomi-
nal segment, for example, might connect
with a dozen different central inter-
neurons. Each interneuron, however, re-
sponds to some unique combination of
that group of hair receptors and other
groups. One interneuron, for instance,
might be excited by the fourth-segment
group alone; another might be activated
by the corresponding group on segment
No. 5 as well as by the hairs on segment
No. 4; another by those on Nos. 6, 5 and
4; another by those on all segments on
one side or on both sides, and so forth.
Precise duplication of function is ap-
parently absent; each element encodes
a unique spatial combination of sensory
inputs [see illustration below].

This specificity suggests that the posi-
tion and connection pattern of each
central nerve cell is precisely determined
in the course of differentiation of the
nervous system. The reliability of this

SPECIFIC GROUPS of touch-sensitive hairs on the segments of the crayfish abdomen excite
specific interneurons located within the central nervous system. The receptive field of
each interneuron listed here (black numbers) was mapped by C. A. G. Wiersma’s group
at Cal Tech. Each responds to stimulation of hair receptors on a unique combination of
segments (white numbers), as shown by the pointers. The system is bilaterally symmetri-
cal, with an interneuron No. 40, for instance, on each side. Neurons mapped at a respond to
stimuli delivered to the same side of the animal. Of those mapped at b, those listed at the
right respond to stimuli on the side opposite them; No. 71 responds to stimuli on either side.
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mechanism has been demonstrated im-
pressively by Melvin J. Cohen and his
colleagues at the University of Oregon,
who have analyzed the organization of
central ganglia in the cockroach. Cohen
has located the cell bodies of specific
motoneurons by taking advantage of a
striking response shown by such cells
when their axons are cut: If a motor
nerve is severed at the periphery, even
very near the muscle, each cell body
supplying an axon in that nerve quickly
develops a dense ring around its nucleus.
This response, which can be detected
with suitable stains, occurs within 12
hours [sec illustration on page 52]. The
new material comprising the ring has
been identified as ribonucleic acid
(RNA). Presumably it is required for the
protein synthesis associated with regen-
eration; in any event, the ring provides
an unambiguous label for associating a
specific central cell with the peripheral
destination of its axon.

By cutting individual motor nerves
and locating their cell bodies in this way,
Cohen has constructed a map that gives
the positions for most of the motoneu-
rons in a ganglion. The maps of ganglia
from different individuals appear to be
almost identical; indeed, specific cells
are in nearly perfect register when sec-
tions of corresponding ganglia from sev-
eral animals are superposed. Not only
are the cell bodies of motoneurons that
serve particular muscles precisely ar-
rayed; they also appear to have rather
specific biochemical personalities. Some
motoneurons show the ring reaction es-
pecially strongly and others show it quite
weakly, and these differences are con-
sistently associated with particular cells—
as judged by the position of the cell body
and the peripheral destination of its
axon.

In our own laboratory we have analyzed

how the central nervous system of
the crayfish deploys a limited array of
identifiable nerve cells to control the
posture of the abdomen. This structure
consists of five segments with joints be-
tween them. Its shape is continuously
and delicately varied by the action of
thin sheets of muscle operating in an-
tagonistic pairs—extensor and flexor—at
each of the five joints. Both sets of mus-
cles are symmetrical on each side of the
abdomen. The extensors of each half-
segment receive six nerve fibers, as do
the flexors; the nerve fibers, like the mus-
cles, are repeated almost identically in
each segment.

Each individual motor nerve cell can
be identified by the size of its impulses



in an electrical record obtained from the ﬂ
nerve bundles that run to flexor or ex-

tensor muscles. As one might expect, W\
particular reflexes activate the nerves K o \ _NSgrawe
and muscles in rather stereotyped ways. g N o 1
If, for example, one forcibly flexes the ‘

abdomen of a crayfish while holding its ! E
thorax clamped and then releases it, the
segments extend to approximately their
former position. Howard Fields of our
laboratory found that this action de-
pends on a pair of receptors that span
the dorsal joints in the abdomen. Flex-
ion lengthens the muscle strands associ-
ated with these receptor cells, and the
cells then discharge impulses that trav-
el toward the central nervous system
and activate motoneurons supplying the
extensor muscles, which are thereby SEA HARE APLYSIA is a mollusk with a vestigial shell under the mantle between the
caused to contract against the imposed winglike parapodia, which are used for locomotion. The animal is about 10 inches long.
load. Such “resistance reflexes” are

bl

known in a variety of other systems, in-
cluding the limbs of mammals and of
crabs; in the crayfish they can be studied
in a simplified situation, with a single re-
ceptor cell and six well-characterized
motor cells constituting the entire neural \
equipment for the reflex loop.

Since only about 120 motoneurons are

involved in the regulation of the entire /
abdomen’s position, and since we were
able to identify each of them, William -
H. Evoy and I decided to analyze the e
central control system for abdominal ]
posture. While recording the motor dis-
charge in several segments at once, we
isolated and then stimulated single inter-
neurons located within the central ner-
vous system.

As we had anticipated, most cells had
no effect on motor discharge, but we en-
countered some that regularly released = HERMISSENDA, another mollusk, is only one to three inches long. The “camera” eyes are em-
intense, fully coordinated motor-output bedded just behind the rhinophores, the two upright stalks near the left end of the animal.

patterns when we stimulated them with
a series of electric shocks. In every case
the output was reciprocal: flexors were
excited while extensors were inhibited,
or vice versa, and the response was simi-
lar in several segments. Although equal-
ly complex behavior can be produced in
many animals by localized stimulation
of central nervous structures, it is likely
that in most such cases many cells—per-
haps thousands—are simultaneously ac-
tivated by the comparatively gross stim-
ulating procedure that is employed. In
the crayfishabdomen, however, we have
been able to demonstrate directly that a
complete behavioral output can be the
result of activity in a single central in-
terneuron. Motor effects produced by
stimulation of such central neurons in
crayfish had been described earlier by
Wiersma and K. Tkeda, who coined the CRAYFISH Procambarus, the invertebrate in which complex motor effects produced by
term “command fiber” for those inter- single cells are studied by Wiersma and by the author, is from three to five inches long.
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DENSE RINGS of ribonucleic acid surround the nuclei of the cells on one side (left) of a
stained section of a cockroach ganglion about a millimeter across. Two days before the
photograph was made by Melvin J. Cohen of the University of Oregon, all peripheral

nerves from one side of this ganglion had been cut. The rings appear in the cells on that side.

neuron axons that produce stereotyped,
complex motor effects.

When we compared, in single animals,
a series of central nerve cells that pro-
duce extension, we found that each pro-
duced a special distribution of motor
output in different segments. One strong-
ly influenced the last two segments but
had a weak effect on segments farther
forward; another yielded an almost even
balance of output; another activated the
forward segments more strongly, and so
on. This result led naturally to the in-
ference that individual command ele-
ments might each code for a unique
combination of segmental actions and
thereby produce specific movements or
positions. In collaboration with Benja-
min Dane, who is now at Tufts Univer-
sity, we filmed the maneuvers of the
abdomen that occurred when command
fibers were stimulated, while simulta-
neously recording the discharge of mo-
toneurons supplying muscles in one of
the segments. This experiment con-
firmed the neurophysiological predic-
tions: the films show that two command
elements with a generally similar action
affect the segments in different ratios
and so produce unique abdominal pos-
tures [see illustration on page 45].

"T"hese results indicate that the coordi-

nation of at least some behavior is
based on the intrinsic “wiring” of a ner-
vous center and can be released by
single-cell triggers. Such a conclusion
would have been more surprising a
decade ago than it is now. It was once
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thought that complex sequential be-
havior such as locomotion depended for
its organization on a series of instruc-
tions fed back to the central nervous sys-
tem from peripheral sensory cells. Each
new act, according to this view, was
initiated by proprioceptive sense organs
that were excited by the animal’s own
movement and signaled that one re-
sponse had been completed; the whole
sequence was likened to a chain of re-
flexes successively activated by the con-
tinuous inflow of sensory signals from
the periphery. In recent years biologists
have become more convinced that the
connections among interneurons at the
nervous center, selected by evolution
and precisely made during the develop-
mental process, contain most of the or-
ganization inherent in such behavior,
and that sense organs play a role that is
more permissive than instructive.

One of the most convincing demon-
strations of the importance of these cen-
tral connections was provided by the ex-
periments of Donald M. Wilson of the
University of California at Berkeley on
the flight of locusts. This behavior pat-
tern consists of a sequence of actions in
the muscles that elevate, depress and
twist the wings. Since these muscles are
served by only one or two motor nerve
cells, one can obtain a record of the ac-
tivity of each cell by inserting fine wires
into the muscles of a relatively intact
animal. In this way Wilson and Torkel
Weis-Fogh were able to define the im-
pulse sequences, along various motor
nerves, characteristic of normal flight.
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The pattern can be triggered in sev-
eral ways. When the insect is stimulated
by having air blown on its head, the
motor activity characteristic of flight
is frequently released, but Wilson has
shown that the output pattern has no re-
lation to the timing of the input. Indeed,
when he stimulated one of the central
connectives electrically at random inter-
vals, the flight motor output still had its
normal frequency and pattern.

Associated with the base of each wing
of the locust there is a sensory-nerve cell
that responds with single impulses or a
short burst when the wing comes to the
top of its upstroke. It had been supposed
that these receptors might be providing
phase information about the wingbeat
cycle and perhaps initiating activity in
the motor nerves controlling the down-
stroke. Wilson eliminated these recep-
tors and found that although the fre-
quency of flight motor output dropped
somewhat, its repetitive character and
the sequence of events within a single
cycle were unimpaired. This showed that
the stretch receptors, although they par-
ticipate in a reflex that controls fre-
quency, do not provide any information
about the phase relations within a single
cycle. Since the entire pattern of be-
havior can be produced by a central
nervous system isolated from peripheral
structures—as long as enough excitation
of some kind is supplied—it must be con-
cluded that all the information for the
flight sequence is stored in a set of cen-
tral connections.

At this point one can only assume
that the sequential events of the flight
pattern, like the motions that result in
postural changes in the crayfish abdo-
men, are released by activity in central
“command” elements. Some single inter-
neurons are known to release similar
complex, sequential behavior in the cray-
fish. One, for example, produces a se-
quence of flexions that ascends slowly
from segment to segment until it reaches
the forward end of the abdomen and
then begins again at the back. Another
causes an intricate series of movements
in the appendages of the tail. We won-
der how such central command neurons
are activated during voluntary move-
ments, whether they are organized en-
tirely in parallel or in part as a hierarchy
of related elements, and what kinds of
sensory stimulus excite them. While it
would be premature to assume that all
these questions can be answered or that
we can apply the results to other sys-
tems,- it is the peculiar advantage of
small networks of nerve cells that such a
prospect does not seem hopeless.



The hope of doing each other some good prompts these advertisements

NASA LUNAR ORSITER PICTURE

ARTH FROM P&

AN P

Earth photography:
what to do with it

When we displayed this now familiar photograph in 18 x 60-
foot size in New York’s Grand Central Terminal, more than
one scurrying commuter was overheard speculating as to which
was the moon and which the earth. In stimulating widespread
thought about questions like that, the picture was fulfilling a
purpose. For the moment it also fixes one end of the scale for
available photography of the earth’s surface. For such other
purposes as urban and agricultural planning, photogeology,
ecological studies, resource assessment, and all the rest, pho-
tography of a less majestic scale is also available and more
serviceable.

As the camera gets closer and detail becomes easier to resolve,
another problem presses in: the sheer physical volume of film
to keep track of. More and more of the earth’s surface is being
photographed in finer and finer detail for more and more
purposes.

For those perversely glad that coverage is not more com-
plete because theirs is the responsibility of making sure that
existing coverage is available for use, there is still time to take
steps while the men in airplanes assiduously fill more ware-
house space with more long rolls of aerial negative.

We can help. We hereby announce a new service. We are

prepared to move in on a collection of aerial negatives and con-
vert it from the ancient scroll format in which it emerges from
1 the camera into far more acces-
sible modern unitized form on the
familiar aperture cards, such as
nowadays carry engineering draw-
ings for storage and retrieval. At
last we have the right film for the
job, which is more demanding
4 photographically than the micro-
filming of drawmgs It processes to deliver a negative directly,
like the negative it sees. Eliminating the positive saves one step
of degradation. Positive prints projected back from the small
negative have fooled experts asked to distinguish them from
those contact-printed from the original camera negative.

To keep that kind of reproduction quality, we suggest that
the mechanical sorting from data punched on the card be done
from a “‘slave deck” that’s just as easy to generate at the time
we prepare the card that carries the microfilm negative to a file
drawer, where it awaits retrieval by a nimble-fingered lady.

Consultation can commence now with Eastman Kodak Company,
Business Systems Division, Rochester, N. Y. 14650. Ask about
RECORDAK Air-Photo Microfilm Service.

Patience rewarded

We have been addressing readers in this vein on
this page for years. Evidence exists of phenomenal
patience among the populace in persisting with
these thousands of words in hope of striking some-
thing personally useful, or at least interesting.
Photography, we know for sure, does interest lots
of people. That fortunate fact gives us a chance to
raise our score. Following is a list of Kodak publi-
cations of various sizes, styles, and depths. Many
of our dealers stock many of them. If you insist on
denying yourself the pleasure of a visit to a camera
shop, we’ll send you any five of the following free
(even if you have never read one of these ads be-
fore and intend never to read one again) on request
to Department 454, Eastman Kodak Company,
Rochester, N. Y. 14650.

Optical Formulas and Their Application

Photography of Television Images

Composition

Notes for the Photo Traveler Abroad

Astrophotography with Your Camera

Pictures Outdoors at Night

Underwater Photography with
Black-and-White and Color Films

Picturetaking through Binoculars

Taking Pictures from Airliners

Exposure with Portable Electronic
Flash Units

Sources of Motion Picture Services and
Equipment —16mm, 8mm, and Super 8

Titling Your Movies

Editing Your Movies

Care of Processed Kodachrome Movies

Close-up Movies

Making an Outdoor Movie

Making an Indoor Movie

Making Movies More Interesting

Prevention and Removal of Fungus on
Processed Film

Printing Color Films Developed as
Black-and-White

Mounting Slides in Glass

How to Check Your Exposure Meter
and Camera

Equivalent Exposure Meter Settings

How to Develop and Print Your Films

Sensitizer for Paper, Cloth, and
Similar Fabrics

Making a Photographic Emulsion

Darkroom Design for Amateur
Photographers

Basic Copying

Lunar-Eclipse Photography

Photomicrography with Simple Cameras

How to Make and Use a Pinhole Camera

Planning a Photo Essay

M s a High School C

Designing a Photo Course

a Club

Still doing paper chromatography?

Our chemists have developed a new form of cellulose for par-
tition thin-layer chromatography with aqueous solvents. No
longer fibrous, cleansed of impurities and most amorphous
components to make it more homogeneous than paper, with
the right particle size distribution to maximize speed and de-
gree of resolution—this cellulose we offer coated some 160u
thick, tight without resort to a binder substance, on scissorable
20cm x 20cm sheets of poly(ethylene terephthalate). It’s a good
medium for electrophoretic migration in the cross-direction to
the partition-TLC migration. Available either with or without
CaSiO3(Pb,Mn) incorporated in the sorbent as a fluorescent

indicator, this product joins four types of precoated EASTMAN
CHROMAGRAM Sheet for adsorption TLC: silica gel and alumi-
na, each with or without the indicator.

Small sample and further information about cellulose-coated
CHROMAGRAM Sheet from Distillation Products Industries,
Rochester, N. Y. 14603 (Division of Eastman Kodak Com-
pany). (Another CHROMAGRAM Sheet for partition TLC, this
one bearing microporous polyamide, is imported from g
our French affiliate for resale here at $25.30 for
twenty 20cm x 20cm sheets to those who wish
to experiment with it, but no samples and not
much information can be supplied.)

Price subject to change without notice.
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Words
dhout
Wines

It has occurred
to us that a
good product
— like a good
wine — gains
far more re-
nown from what
Its users say about
it than from what ils
makers say about it.
Therefare, in this column
we eschew the temptation to
discussthatover which we labor
in our own vineyard, and instead
bring you each month some ran-
dom thoughts on the science of mak-
ing wines and the art of enjoying them.

* In wine, lermentation is the conver-
sion of nalural grape sugar inlo
roughly equal parts of carbon dioxide
and alcohol. Yeasts, the filmy "bloom"
of grape skins, will do the trick. All
wines bul Champagne end up withoul
the CO,. Winemakers lel it escape into
the balmy autumn air as it forms. With
Champagne, a young wine s the base.
The winemaker lermenls it again, trap-
ping the carbon dioxide in the wine,
for you lo el escape in any air you
wan! to make a bil balmier,

* The medical protession 'nna has
used wine In restoring heall 1o ils
patients. It's less well known that an-
cienl Athenian life insurers offered
candidates a mixture of wine, cloves
and hippopotamus fal.

* One of the hardiest myths aboul
wines is thal they all improve with
age. No! all old men are wise, either,
Some wines are al their best when
young and fresh and fruity; others can
go on for a generalion or more, gel-
ting better all the while.

* Any experienced eater ol pears can
tell at a bite whether it is Comice or
Bartlett he is chewing. He also knows
that both are pears. So It is with wines
and the grapes they come from. For
those curious o know more aboul the
kinds of grapes thal give us good
wines, write. We have a Iree booklet.

UNION
CARBIDE

ELECTRONICS

SEMICONDUCTOR PRODUCTS
365 Middletield Road * Mountain View, California
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' Class, Race and the Draft

The “public presumption” that se-

lective service operates with a bias

against men of lower socioeconom-
ic class has “an important element of
truth,” according to Morris Janowitz of

| the University of Chicago. In an article
in Trans-action Janowitz examines the
social and demographic factors involved
in the operation of the draft and con-
cludes that a broad system of national
service, with a lottery to select men for
military service, would tend to elimi-
nate the social injustices.

Selective service, the Chicago soci-
ologist points out, was reinstituted in
1950 during the Korean war to meet a
need for partial mobilization, and so it
provided for occupational and educa-
tional deferments. The burdens of the
war, particularly the incidence of casu-
alties, fell disproportionately on the
lower socioeconomic groups, in part be-
cause of the social bias of the draft and
in part because of the pattern of man-
power utilization in the armed forces.
Better education led to advanced train-
ing and specialized assignments, where-
as soldiers with limited education went
largely into infantry units. Among non-
commissioned officers and enlisted men
in the ground forces, soldiers from the
lowest-income group had four times the
casualty rate of those in the highest-
income group; the casualty rate among
Negroes was twice as high as it was
among whites.

Between the Korean war and the in-
tensification of fighting in Vietnam in
1965 selective service operated “with
relative fairness.” Educational level was
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the primary determinant. Of men whose
education ranged from nine years of
school to the completion of college,
about 70 percent saw military service.
Only a third of those with less than an
eighth-grade education served, and only
a quarter of those who went on to gradu-
ate school. During this period Negroes
were actually underrepresented in the
armed forces. Their overall participation
rose to 9 percent in 1965 and is now
likely to continue rising, Janowitz writes.
The major reason is the higher reenlist-
ment rate among Negroes: 45.1 percent
in 1965 as opposed to 17.1 percent for
whites. Negroes have tended to con-
centrate in the combat branches (some
airborne units are nearly 40 percent
Negro), and from 1961 to 1965, 14.6
percent of the U.S. casualties in Viet-
nam were among Negroes.

Smooth Sea of Cosmic Radiation

Evidence has been accumulating that

the earth is bathed in microwave
radiation left over from a primeval fire-
ball that gave rise to the universe as we
see it today. Several billion years after
the primordial event the temperature of
this cosmic radiation has cooled to about
three degrees Kelvin (degrees centigrade
above absolute zero). This hypothesis
has now received further support from
the finding that the radiation is very
nearly isotropic, that is, its intensity is
very nearly constant when measured in
any direction. The finding is published
in Physical Review Letters by R. B. Par-
tridge and David T. Wilkinson, members
of a group working with Robert H.
Dicke at Princeton University.

The Princeton workers measured the
background radiation at a wavelength
of 3.2 centimeters with a specially de-
signed radio telescope that was pointed
steadily in the direction of the celestial
equator. As the earth turned, the instru-
ment swept a 360-degree path through
the sky. During 15 minutes of each half
hour a large aluminum reflector was
placed in the antenna beam so that the
incoming radiation was received from
the region of the north celestial pole. By
measuring the difference in the readings
from these two directions the effects of
solar heating on the apparatus and on
the atmosphere were canceled out. Fifty-
five runs extending over most of a year
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were analyzed statistically to see if the
data concealed a 12-hour or 24-hour
periodicity. The 24-hour periodicity was
found to be negligible: less than .1 per-
cent. There was, however, a small 12-
hour periodicity, amounting to about .2
percent, that the Princeton workers sus-
pect may be significant. Its cause is un-
known, but it may represent a real an-
isotropy of the universe early in its
history.

The Princeton measurements can be
used to estimate a kind of “absolute”
motion of the earth: the velocity of the
solar system with respect to the mean
motion of the radiation produced by the
primeval fireball. If the solar system
were moving relative to this radiation,
the radiation would seem to be a little
hotter measured in the forward direction
and a little cooler measured in the back-
ward direction. The present measure-
ments place an upper limit of about 300
kilometers per second on the velocity of
the solar system relative to the back-
ground radiation. This value seems re-
markably low, considering that the earth
travels around the sun at 30 kilometers
per second and that the sun travels
around the center of the galaxy at about
300 kilometers per second.

The data were also analyzed for clues
to the homogeneity of matter in the uni-
verse. The results place an upper limit
of +10 percent on variations of density
large enough to extend over a few billion
light-years.

Five-Year Plan for Biologists

July will mark the beginning of an inter-
national program of biological re-
search aimed at providing answers to
many urgent questions concerning man’s
effect on the balance of nature. The con-
cept of an all-out effort in biology, mod-
eled after the International Geophysical
Year, was first put forward in 1959 by
officers of the International Union of
Biological Sciences and the International
Council of Scientific Unions. By 1963
the two groups had devised and en-
dorsed a five-year program, “The Bio-
logical Basis of Productivity and Human
Welfare,” covering seven areas of in-
quiry. These include investigations of
the productivity of living communities
on land, in fresh water and in the oceans,
of the conservation of land communities,

VOLTAGE, KNOWN

TO WHATACCURACY?

¥eLTARE Mtammsen

One of the instruments contributing to our reputation
as a leader in metrology is our Model 332A Voltage
Calibrator. This instrument will deliver any desired
output voltage up to 1111 volts to an accuracy of
0.003%. Why in the world would anyone need to cali-
brate a volt to this accuracy? Well that’s exactly the
point. We need accuracies of this order to get out of
this world. For the whole space and missile program
depends on a great number of sub-systems whose in-
dividual accuracy is several times the accuracy of the
overall system. Otherwise, the overall system couldn’t
be sufficiently accurate.

Typically, the Fluke Model 332A Voltage Calibrator
1s used to calibrate digital voltmeters and other less
accurate digital devices that are in turn an integral
part of the space systems. Some of the features of this
portable laboratory standard include line and load reg-
ulation to 0.0005% of setting, 1 ppm resolution, over-
current and overvoltage protection, 40 pounds weight,
7 inches panel height and a modest price of $2295.00.

So if you have a program that reaches out of this
world, you can probably put the Fluke Model 332A
Voltage Calibrator to good use.

For full information, please _
address Box 7428, Seattle, FLUKE

Washington 98133.
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"Little Improvements
Make the Big Difference
in Men and Materials’’

...50 say chief executives
in the fast moving
nuclear and
aviation industries

Whenever You
Demand Improvement
in Tubing Performance

...Turn to TMI

When you hand a tubing problem to
TMI things really happen. Our experi-
ence is selective to the nth degree. It
has thrived on advance research. TMI
testing skills and equipment are at
hand, ready to work for you. Our cold
drawing methods are ready for your
specification challenge. And, at the
top level, you have metalworking un-
derstanding that is as capable with
space and nuclear applications as with
a thousand other less spectacular
but equally important tubing require-
ments. Don’t stuff this ad in your
executive pocket: route it to the man
in your organization who “knows how
much little improvements mean to
progress.” Tube Methods Inc., Bridge-
port, Pa. 19405. Phone 215-279-7700,
Telex TWX 510-660-0140 for immedi-
ate action.

SIZES: .050" to 1.250” 0.D., with .4\""“
tolerances as close as .0005"
when required . . . in stainless
steels and special alloys.

of the processes of organic productivity
(for example the virtually unknown proc-
ess of nitrogen fixation, a vital factor in
soil fertility), of man’s use and manage-
ment of biological resources, and finally
of man’s own adaptability in the face
of such factors as disease, chronic mal-
nutrition and the exponential increase
in human population.

Thirty-eight nations—including the
U.S.S.R. and the other countries of east-
ern Europe—will participate in the IBP.
Albania, North Korea, North Vietnam
and China are not enrolled. Also ab-
sent from the program are most of the
world’s underdeveloped countries. Only
one Latin-American nation—Mexico—
and only five of Africa’s countries are
participating.

Tuning Laser Beams

Signiﬁcant advances in the ability to

tune the output of oscillators pumped
by lasers were reported at a Symposium
on Modern Optics held recently in New
York. These devices, known as optical
parametric oscillators, convert the in-
tense beam of a laser into two laser-like
beams whose combined frequencies are
equal to the pumping, or input, frequen-
cy. Thus an oscillator pumped by a laser
source whose wavelength is 5,300 ang-
strom units will produce two beams
whose wavelengths are tunable over a
region centered at 10,600 angstroms.
The active element in an optical para-
metric oscillator is a piezoelectric, dou-
ble-refracting crystal such as lithium
niobate.

About two years ago J. A. Giordmaine
and Robert C. Miller of the Bell Tele-
phone Laboratories found that the out-
put of a lithium niobate oscillator could
be tuned over a considerable frequency
range by changing the temperature of
the crystal. Independently Rem Khoklov
of the University of Moscow reported
that he had developed oscillators incor-
porating a more common crystal, potas-
sium dihydrogen phosphate, that could
be tuned simply by rotating the crystal.
At the New York meeting he described
an oscillator pumped by a laser beam
whose wavelength is in the near-ultra-
violet part of the spectrum (3,500 ang-
stroms) that produces a signal that can
be tuned over two wavelength regions:
between 4,800 and 5,900 angstroms and
between 8,500 and 12,800 angstroms.
The input beam, obtained by two stages
of laser amplification, has a power of 20
megawatts. Khoklov also reported that
an oscillator pumped at 5,300 angstroms
had achieved the remarkable conversion
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efficiency of 3 percent, with signal out-
puts varying from 9,600 to 11,800 ang-
stroms. The pumping beam was three
megawatts and the output signal was
100 kilowatts.

Meanwhile at the Bell Laboratories,
Miller and W. A. Nordland have been
continuing work with lithium niobate
oscillators and have shown that by ro-
tating the crystal the signal output can
be varied from 6,840 angstroms to 23,-
550 angstroms, when the pumping fre-
quency is 5,300 angstroms. This is the
greatest frequency range that has yet
been reported from a single optical para-
metric oscillator.

Commenting on the new develop-
ments, Nicolaas Bloembergen of Har-
vard University predicted that the new
oscillators would “revolutionize” the
field of spectroscopy. Tunable oscillators
could be used to examine the absorption
characteristics of chemical and biologi-
cal materials with greater precision than
is possible with existing techniques.

The Assembly of a Virus

Two biologists at the California Insti-

tute of Technology have determined
the sequence of steps by which a com-
plex virus puts itself together and have
succeeded in assembling intact, infec-
tive virus in the test tube. A virus is a
package of nucleic acid (DNA or RNA)
wrapped in a more or less complex pro-
tein coat. Simple viruses are built up of
identical protein subunits that can appar-
ently assemble themselves without any
outside assistance; one such virus, the
one that causes the tobacco mosaic dis-
ease, was taken apart and then reassem-
bled in the test tube more than 10 years
ago. More complicated viruses are ap-
parently assembled only with the help
of “morphopoietic” genes that somehow
specify their shape [see “The Genetic
Control of the Shape of a Virus,”
by Edouard Kellenberger; ScienTiric
AMERICAN, December, 1966]. For ex-
ample, the bacteriophage T4, a virus
that infects the bacterium Escherichia
coli, consists of a polyhedral head filled
with DNA, to which is attached an elab-
orate tail assembly with a number of
specialized components. Of its 100-odd
genes, a large number have been identi-
fied that have shape-specifying func-
tions.

Most of these genes have been iden-
tified by R. S. Edgar and his associates
at Cal Tech and at the University of
Geneva. Working with mutant strains
of T4, they developed a genetic map
and associated specific genes with the



BMW thinks . .
the best way to survive accidents
1S to avoid them.

BMW is a rugged automobile. At the
Bavarian Motor Works in Germany,
we’ve been building them that way for
more than 50 years. We use heavy-gauge
steel, and a unitized body. So if you
should have an accident, you’d be as safe
ina BMW as you would be in any car.

So much for safety, right? We don’t
think so. In fact, our idea is that the best
way to deal with accidents is to stay clear
of them altogether. And that’s why
we’ve made BMW’s not only rugged,
but nimble. To be exact, the most nimble
car on the road.

. We did this primarily in three ways.
First, we developed a unique and truly
remarkable suspension system. All

four wheels are fully independent, and
the back ones never change camber,

no matter how rough the bumps. The
resultis phenomenal roadholdingability,
unique to BMW. No other car in the
world has this system.

Second, we designed the BMW to
accelerate fast and to stopfast. With the
four-speed gearbox or the famed
ZF Automatic Transmission, it will

attain speeds of over 100 m.p.h. with ease,
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and the car has rally brakes. You go—or
stop—as quickly as you need to.

Third, we made BMW steeringlight,
instantly responsive, and precise.

So, if you’re going to have an accident,
we think you’re better off ina BMW.
That way, you may not have it at all.

Prices start at $2,477 P.O.E. New York.
Sole U. S. Importer:
Hoffman Motors Corporation,
375 Park Avenue,
New York, N.Y,,
1862 S. La Cienega Blvd.,
Los Angeles, Calif.
Dealers coast to coast.
Advantageous European
Delivery Program.
Write for free brochure.




It takes a
lot more

than water
to make
an ocean

manufacture of specific parts of the virus
[see “The Genetics of a Bacterial Virus,”
by R. S. Edgar and R. H. Epstein; Sci-
ENTIFIC AMERICAN, February, 1965].
Now Edgar and William Wood have
performed a more detailed analysis. As
Edgar reports in Cal Tech’s publication
Engineering and Science, the assembly
process is more complicated than had
been expected. It apparently involves
three pathways: one for the head, one
for the main part of the tail and one for
the six hairlike fibers that complete the
tail. Each step in each pathway is con-
trolled by a particular gene; if any gene
is missing, the precursor materials of the
step it controls pile up in the bacterial
preparation.

At least eight genes make proteins for
the head; eight more somehow finish the
head and two more enable the head to

; be joined to the tail. The pronged “end

industry go.

(And Massachusetts has
what it takes.)

Let’s say you’re in a special kind of
business . . . an ocean industry per-
haps. That calls for people with very
special talents.

You’ll find them in Massachusetts.

The combined resources of major
universities and industry have made
the Commonwealth a leader — per-
haps the leader —in the new and
growing fields of ocean industry.

And that’s just one of the hundreds
of specialized industries that find
Massachusetts an ideal home.

So what’s your business? Optics?
Odometers? Whatever it is, you'll find
the talent and skill it requires in
abundance in Massachusetts.

Interested?

Let our man in New York fill you
in. Call him at JUdson 6-4848. Or
call us direct at (617) 727-3208.

Massachusetts Dept. of Commerce

& Development
100 Cambridge Street, Boston, Mass. 02202
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plate” that forms the base of the tail
requires 15 genes; two other genes make
proteins for the “core” of the tail and for
fixing it to the end plate. Three genes
then make proteins for a “sheath” that
fits around the core. The fibers are built
independently by five genes and are
attached to the end plate by another
gene. Edgar and Wood can infect bac-
teria with viruses carrying mutations in
single shape-specifying genes; the re-
sulting lysates, or cell debris, will con-
tain virus parts rather than complete
viruses. If all these parts are then com-
bined in a suitable solution, the parts
assemble themselves into normal viruses
capable of reproducing themselves by
infecting bacteria.

How do the shape-specifying genes
work? Edgar thinks that some of them
may make the proteins for some kind of
scaffolding on which the virus parts are
assembled; there is evidence, for ex-
ample, that the polyhedral heads are
formed on protein cores. Other genes
may direct the synthesis of tiny protein
“nuts and bolts” that become part of the
virus or of “glues” that play temporary
accessory roles and are not incorporated
in the completed virus particle.

Lymphatic Kidney?

Al artificial kidney that processes

lymph rather than blood is being
studied by Harry E. Sarles and several
co-workers at the University of Texas.
Sarles and investigators in other insti-
tutions are also exploring the possibility
that reducing the number of lympho-
cytes (the white cells of the lymph) will
control the body’s tendency to reject
transplanted tissues. He and his col-
leagues reported on their work at a meet-
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ing in April of the American Society for
Artificial Internal Organs.

In the usual kind of artificial kidney
waste products are removed by dialyz-
ing the blood; the blood is tapped from
an artery, passed along a synthetic mem-
brane through which the waste products
diffuse and pumped back into the body
through a vein. The procedure has been
extremely useful, but it has remained
cumbersome and costly, largely because
it is necessary to monitor the blood’s
pressure and temperature and the integ-
rity of its constituents. Sarles estimates
that the dialysis of lymph, the circula-
tory fluid that returns to the bloodstream
substances that diffuse out of the capil-
laries, can be accomplished at about a
tenth of the cost of blood dialysis be-
cause the lymph method uses less fluid
and requires less monitoring. The tech-
nique involves drawing lymph from the
thoracic duct, which is the largest vessel
of the lymphatic system, passing it
through a dialyzer and returning it to
the bloodstream through the right jugu-
lar vein. Sarles said his group had per-
formed lymph dialysis on a number of
patients with imperfect but promising
results.

An effect of lymph dialysis is to kill
a number of lymphocytes, which are in-
volved in the body’s defenses against
foreign substances and accordingly play
a role in the rejection of transplanted
tissue. This effect led Sarles and his col-
leagues to explore the possibility of
increasing tolerance for transplanted
organs by means of lymph dialysis or
diversion. In reporting the work Sarles
said it had appeared successful in skin
grafts on several patients. He expressed
cautious optimism that it could prove
valuable in the transplantation of organs
such as the kidney.

The U.S. and the Automobile

rlﬂ\vo recent developments indicate a
further enlargement of the Federal
Government’s interest in automotive af-
fairs. The U.S. Public Health Service
has opened a driving research laboratory
in Providence, R.I. The Federal Power
Commission, responding to a request
from a Senate subcommittee studying
air pollution, has issued a report assert-
ing that the technology now exists for
extensive production of electrically pow-
ered vehicles for short-range operation.
The driving laboratory, which is the
first such institution to be operated by
the Federal Government, will devote
itself exclusively to exploring the human
factors in automobile accidents. Its key
equipment consists of two electronic



On time-as promised:

Burroughs B2500/B 3500
third generation systems
—-complete with software.

Now operational.

Third generation hardware and software. That’s what we promised
for the two new computers we announced last spring.

We’ve kept this commitment. The small to medium scale B 2500
and B 3500 are now operational. Ready for deliveries.

In a series of tests at our plant in Pasadena, California, recently, they
demonstrated every one of their advanced capabilities—with results
that met all our expectations.

The two systems demonstrated how third generation software enables
them to use part of their own computational power to allocate and
organize their own work. To automatically match their resources to
varying work loads and changing priorities through use of the
Burroughs Master Control Program.

They multiprocessed unrelated major programs with complete free-
dom and ease—under totally automatic software control.

They demonstrated highly efficient operation in COBOL, the widely
accepted higher level language for business data processing.

servondha |
\_‘

Altogether, it was an impressive demonstration
not only of two third generation computers but of the idea that made
them possible: the Burroughs concept of integrating hardware with
software by developing both at the same time. Three years ago, this
concept became a reality with our B 5500—the first self-operating
computer. All subsequent Burroughs 500 Systems have followed this
outstandingly successful lead.

If you want to see true third generation hardware and software in
action—call us. Burroughs Corporation, Detroit, Michigan 48232,

Burroughs @
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SUPER
SUPER 8

We called it the Super 8
... Popular Photography
called it the super Super 8...
We think you will too. The Beaulieu
professional model Super 8 is the
ultimate in electronic-electric motion
picture cameras...the Rolls Royce of the
Super8’'s!

The exclusive superlative features of the
Super 8 which have pleasantly surprised
amateurs and professionals alike include:
m 50% more picture area ® automatic
cartridge loading, no inversion halfway
through the film ® pinpoint definition = per-
fect even brilliancy ® better detail, even in
the shadows ® a reflex photo cell which
operates the iris of the object-lens itself to give
super accuracy B speed selection from super-
high to slow-slow motion with a finger-tip touch
m no need to stop shooting to change speeds, all
exposure corrections are fully automated m the
only 8mm cine-camera which will take any *“C"
mount Super 8 or 16mm lens and most 24 x
36mm still lens.

These are just a few of the reasons why you too
will call your Beaulieu the super Super 8!

Available at your local camera store or write for

chure on all Beaulieu 8, Super 8 and 16mm models...
picture cameras with the highest degree of ACUTANCE®*.
ask for illustrated brochure on fabulous HEURTIER 8, SUPER 8

AND 16MM SILENT/SOUND PROJECTOR.)

CINEMA < /%oartion

EXCLUSIVE DISTRIBUTOR FOR U.S.A.
921 WESTWOOD BLVD., LOS ANGELES, CALIF. 90024
155 W. 68th Street, New York City, N.Y. 10023

*Acutance is the
measure of sharp-
ness of a photo-
graphic image.
Acutance of the
highest degree, so
essential to the
advanced amateur
and professional
photographer, is
yours when you
shoot with a
Beaulieu 8, Super
8 or 16mm Camera!

THE ULTIMATE IN
ELECTRONIC-
ELECTRIC
MOTION PICTURE
CAMERAS.

illustrated bro-
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OBSERVER'S
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With artificial satellites already launched and
space travel almost a reality, astronomy has

become today's fastest growing hobby.
Exploring the skies with a telescope is a
relaxing diversion for father and son alike.
UNITRON’s handbook contains full-page
illustrated articles on astronomy, observing,

telescopes and accessories.

to

It is of interest |
both beginners and advanced amateurs.

CONTENTS INCLUDE:

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

UNITRON

INSTRUMENT COMPANY » TELESCOPE SALES
66 NEEDHAM ST., NEWTON HIGHLANDS 61,
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THE CURTA IS A PRECISION
CALCULATING MACHINE FOR
ALL ARITHMETICAL OPERATIONS

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

CURT.

DEPT. SA-5 P. 0. BOX 3414
VAN NUYS, CALIFORNIA

COMPANY
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simulators in which, according to a
spokesman, “drivers can be exposed to
the most hazardous driving conditions
with an accurate recording of their re-
sponses, all within the safety of the labo-
ratory.” The laboratory will use residents
of the Providence area as subjects, pay-
ing them for their work. Its results are
expected to help in the establishment of
standards for licensing drivers and for
training in better driving practices.

The FPC looked into the electric-
vehicle situation because the Senate sub-
committee wanted to know how feasible
it would be to combat air pollution by
encouraging the use of electric propul-
sion. The commission found that if man-
ufacturers made use of present technol-
ogy, electric vehicles could be put into
use at a rate of two million a year by
about 1980. Such vehicles probably
would be used mainly in urban and sub-
urban areas because of limited range and
speed. On the question of electric ve-
hicles that could travel long distances at
high speeds the commission said: “The
present scale of the research effort is not
likely to result in the necessary techno-
logical advances in the reasonably near
future.”

Man v. Mouse in 2500 B.C.

lAlthough it is doubtful that many peo-
ple were beating a path to the up-
land valley of Bampur in southeastern
Iran during the third millennium ».c.,
this Neolithic community apparently did
build a better mousetrap. Writing in
Antiquity, Beatrice de Cardi of the
Council for British Archaeology reports
that last year a group of her co-workers
found fragments of the ingenuous device
among many other examples of Bampur
ceramics. The trap was basically a hori-
zontal pot with a sliding door at the end.
The door appears to have been sus-
pended by a string that passed over a
horizontal bar (held on two forked
sticks), entered the pot through a slot
and emerged through a second slot. The
string was probably anchored in the sec-
ond slot by a knot just a trifle too large
to pass through the slot. The bait was
fastened to the string inside the pot be-
tween the two slots. When a mouse or
some other small animal tugged at the
bait, the knot pulled through the second
slot and the door fell like a portcullis.

A pottery mousetrap was used in the
great Harappan city of Mohenjo-daro,
some 400 miles east of Bampur, at about
the same period. The remains of such
traps indicate that they were more prim-
itive than the Bampur one; they trapped

| their quarry by means of a noose.



environmental engineering is important...

As man has industrialized, potential problems due to
pollution of air and water have increased. Industry and
government officials have joined in efforts to solve
mounting concerns. [] UOP, respected for its technical
achievements in the petroleum and chemical industries,
hastaken a broad position of leadership to alleviate these
problems. We offer the widest selection of air correction
equipment and systems, and provide a complete range
of air pollution control services from consultation and
source testing to equipment design and field start-up.
[ Our work in environmental engineering is not limited

to the control of pollutants in the atmosphere or recovery
of valuable material in process streams. UOP also is
active in water management—providing chemicals,
equipment and services used in commercial water
conditioning, including screens and filters used in food
processing, mining, architectural applications and gen-
eral water treatment. [J Competent technical help in
solving your air and water correction problems is avail-
able now. Environmental engineeringis anotherexample
of UOP’s contribution to technological progress.
UOP, 30 Algonquin Rd., Des Plaines, lllinois 60016.

keep your eye on the growing UOP
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Here (simulated) is a commercial aircraft which uses a semiconductor light source as a “sixth sense” to pulse
a beam of light through heavy fog. Normal light sources under these conditions are made useless by the
Rayleigh scattering—caused by the inter-relationship of the number of particles of moisture in suspension
in the path of a light beam and the wavelength of the light itself. But a pulsed solid-state laser light source—
working in conjunction with gated RCA conversion tubes (as indicated schematically in Fig. 4 on the facing
page)—could be used to develop a new flight instrument that will be able to pierce the heaviest fog and pro-
vide clear vision of the airport runways during landing approach. Such technigues could also be applied to
automotive and naval applications to permit safe operation under poor visibility conditions.
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Man has been improving his light sources ever
since he first illuminated his way by night.
(The embers of his fire gave way to the
oil of his lamp; then candles, of higher
efficiency, were superseded by the gas
flame and its mantle which, in turn, were
replaced by the electric bulb—incandes-
cent and fluorescent.) Now RCA technol-
ogy has conceived and developed the
newest approach to light generation, using
solid-state optical devices as light emitters.

To create light this revolutionary way,
RCA starts with a p-n junction diode—a
tiny solid-state device made of one or more
alloys. Forward current injects minority
carriers into space charge region, resulting
in an excess of hole-electron pairs. When
recombination occurs, “light” is emitted.
Careful control of the internal geometry of
the diode results in a theoretical output of
up to 1.5 watts per ampere for unity quan-
tum efficiency—if all the power generated
in the junction area of the diode could
exit. The result is a unique electro-optic
component for high-efficiency light emis-
sion that is economical, small-sized...and
practical for industrial applications.

The application of sufficient forward
bias current produces an incoherent light
beam—one in which radiation is random
and out-of-phase. Still further control of
bias current and control of crystal geom-
etry results in laser action, producing a
coherent beam of light. An array of laser
light sources can be used to form a single,
higher-powered beam.

In the case of both coherent and inco-
herent sources, the specific wavelength of
their emitted light is controlled by the
basic alloy (s) of which the device is pro-
duced. Gallium arsenide, for example,
produces light in the infrared portion of
the spectrum; gallium phosphide emits
radiation at shorter wavelengths, and sili-
con carbide produces light at the blue end
of the visible spectrum.
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By using different alloys in the III-V and
I1-VI groups of the periodic table, or lead
salts in a series of junctions, RCA has now
produced a series of light emitters which
generate wavelengths from 80,000 ang-
stroms (well above infrared) to 4,000 A
in the blue (visible) range. Fig. 1 shows
the spectral response of several different
alloys now under examination at RCA.
Each semiconductor, including the mixed

crystals, has its own band gap energy and
emits a characteristic wavelength.

No matter where in the spectrum an
optical semiconductor device emits light,
to circuit and equipment designers it has
marked advantages over other light
sources for specific applications. Compare
it, for example, with the ordinary tung-
sten lamp which must be operated at high
temperatures, is fragile, and therefore has
a limited life. Furthermore, the bulb’s
emitted light covers a wide band within
the spectrum—an inherent source of ineffi-
ciency of even the best incandescent and
fluorescent lamps, since specific applica-
tions often need use only a small portion
of the total emitted spectrum.

Optical semiconductor devices, on the other
hand, operate at ambient temperatures...
and at light-emission levels controlled
closely to provide narrow and controlled
spectra—precisely governed by the alloy(s)
of which the device is made.

Both current and voltage used to oper-
ate RCA optical devices are fully com-
patible with solid-state electronic support-
ing apparatus, such as power supplies.
RCA has successfully created light from
incoherent optical semiconductor devices
using currents as small as 0.1 mA, as well
as laser beams with input current in the
10-12 ampere range—substantially lower
than the current required by other indus-
try devices to induce laser action.

RCA optical semiconductor devices are
ready to leave the laboratory and take on
practical, everyday assignments. New de-
vices and newly-developed circuits using
solid-state light sources will find wide ap-
plication in the fields of specialized illu-
mination, control circuits (particularly in
computers and ancillary equipment), and
in low-cost, short-range communication
and display equipment, both for military
and general use.
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One such application of an optical di-
ode is in a card read-out for computer data
input. In use, it replaces tungsten-filament
lamps, proven to be a continuing source
of computer failure and costly downtime
because of frequent burn-out and the
need for replacements. Fig. 2 shows the
RCA TA7008 optical diode, suitable for
use in this application, in dimensional
cross-section. The unit is provided to

®
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TA2628 1-W Laser Q,
TA2930 50-W Laser TA7008 IR Diode

Fig. 3

equipment manufacturers in a reliable
plastic-type package, with a built-in para-
bolic reflector. Fig. 3 shows this same unit
along with two other RCA solid-state
GaAs optical devices. RCA has these de-
velopmental devices available now.

RCA GaAs laser diodes can now pro-
vide peak power output per junction of
10 watts or more. RCA knows the elec-
tronics required to make them operable...
and RCA engineering skills can help you
develop practical, everyday systems to
take advantage of this new concept in
light generation—from infrared to visible
emanations.

RCA has accumulated a wide knowl-
edge of device fabrication and application
potentials in the process of “shepherding”
optical devices from experimental types
to practical units. One typical application
possibility is in panel instrumentation
with fail-proof illumination, for use in jet
and hypersonic aircraft. Lighting for
manned space-flight vehicles could read-
ily use solid-state light sources to take ad-
vantage of their greater durability and
longer potential life. A solid-state source
of light, together with necessary optics,
can also be used to replace presently-used

elll]
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Fig. 4

types of tubes in alpha-numeric read-out
devices and operate at improved levels of
visibility. Properly pulsed, optical devices
also can supply high-efficiency pulsed light
for illumination applications.

Fig. 4 indicates one potential avionics
application of this capability. By pulsing
a laser light source and gating an RCA
image tube, both on the aircraft, an un-
obstructed view of the runway on ap-
proach can be obtained under adverse
conditions since light backscatter from fog
and smoke is shut out and only the desired
information received.

Applications for optical semiconductor
devices—and for the light they are able to
emit in carefully-controlled portions of the
spectrum—are as complex or as simple, as
multiple or as unique as designers may
care to make them. If you seek guidance,
consult your RCA Field Representative
or write RCA Commercial Engineering,
Section E-95EC, Harrison, N.J. 07029.

RCA ELECTRONIC COMPONENTS AND DEVICES

The Most Trusted Name in Electronics
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For 400 years beginning in the ninth century A.D. these seafaring

THE VIKINGS

o}

nomads shaped history from the Middle East to North America. Such

finds as comn hoards and buried ships trace their rise and decline

r I Yo most Americans, I would venture
to say, the Vikings are known as
redoubtable seafarers who raided

England and France, colonized Iceland

and Greenland and even landed in North

America centuries before Columbus.

Much less known are the Scandinavian

traders and settlers who colonized parts

of England and France and the whole
of Sicily, established the first Russian

WATERLOGGED HULLS of Viking ships,
sunk 1,000 years ago to block the mouth of
Roskilde Fjord in Denmark, appear in the
aerial photograph on the opposite page. In
1962 a cofferdam was built around the stone-
laden hulks, the seawater was pumped out
and the timbers were salvaged from the
muddy bottom. Positions of the six ships
partly visible in the photograph are shown
in the illustration above. Most of the Ros-
kilde ships were freighters; the success of
the Vikings in trade and war, however, de-
pended more on their swift “dragon ships”
(see illustrations on pages70-71 and page 73).

by Eric Oxenstierna

state, traveled by inland waterways to
the Black Sea and the Caspian, manned
the Byzantine fleet and traded slaves and
furs in the bazaars of Bagdad for Arab
silver and Chinese silks.

In this article I shall emphasize these
less familiar aspects of Viking history. A
review of the subject is timely because
much new archaeological evidence con-
cerning these Scandinavian peoples has
recently been uncovered, illuminating a
period of history that is poorly repre-
sented in written records.

The Vikings emerged as a recogniz-
able group at the end of a restless period,
lasting almost 1,000 years, during which
many peoples of northern Europe had
migrated to almost every corner of the
continent. For example, the Burgundians
had moved to France from the island of
Burgundarholm (now Bornholm) in the
Baltic Sea. The Vandals had gone from
Vandilsyssel in what is now Denmark all
the way to Andalusia in southern Spain;
the Lombards from the mouth of the
Elbe on the Baltic to Lombardy in Italy,
and the Angles and the Saxons from what
is now northern Germany to England.

Not all these movements were to the
south. A number of grave sites recently
excavated on the Scandinavian peninsula
indicate that early in the seventh century
A.p. a farming population moved into
mountain valleys and deep forests where
no one had ever lived before. Even the
poorest of these immigrant farmers had
enough iron at his disposal—in terms of
hoes, spades, plows, axes, knives and, not
least, a good sword—to enable him to
clear the forest and cultivate his fields.
Within a few generations, however, the
newly cleared forest soil was exhausted,
and there was hunger all over Scandi-
navia.

During this same period a significant
technological change took place: the
oared galleys that had provided water
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transportation in Scandinavia were re-
placed by ships with sails. An excavation
at Kvalsund in Norway shows that by
about aA.p. 600 sizable sailing vessels
were being built. They were shallow-
draft vessels with a planked deck but no
keel.

It is no accident that, at a time when
a new mobility at sea coincided with
hunger at home, history should record
the first Viking raid. It occurred on June
8, 793. The action took place on the is-
land of Lindisfarne, in the North Sea
near the border of Scotland and En-
gland. The number of ships that came
up over the horizon that day is not re-
corded, but the actions of their crews
were noted in detail by the English
monks who were their victims. The Vi-
kings slaughtered the monastery’s herd
of cattle and loaded the carcasses into
their ships. They killed anyone who re-
sisted. After removing everything in the
monastery that was made of silver and
gold they set fire to all the buildings.
From the Christian viewpoint the epi-
sode was an atrocity. For the pagan Vi-
kings it had been a routine strandhugg
(victualing raid) in which the unexpected
haul of precious metal and the absence
of armed resistance must have been
agreeable surprises.

The word of the raiders’ easy success
evidently spread through Scandinavia
like wildfire. The next summer “dragon
ships” (named for their dragon-shaped
figurehead) attacked two monasteries
along the same North Sea coast of Brit-
ain. The summer after that monasteries
on three islands off the western coast of
Scotland—Rechru, Tona and Skye—were
plundered. By a.p. 799 raids on the Brit-
ish Isles were common, and similar at-
tacks on the Continent compelled the
Emperor Charlemagne to organize a
coast-watching force.

Thus began the activities that gained
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the Vikings a reputation as pirates. As
I have indicated, however, these peoples
had other interests. Let us turn from
the North Sea to the Baltic, particularly
to the Svea people of the area around
the modern Swedish city of Uppsala, to
the inhabitants of the island of Gotland
and to the petty kings who controlled
the base of the peninsula of Jutland.
Both the Svea and the Gotlanders had

established coastal settlements in Latvia
and elsewhere across the Baltic before
the middle of the seventh century. In-
deed, the excavation of a large seventh-
century cemetery at Grobin in Latvia has
uncovered ornaments typical of both
Gotlander men and women—proof that
their trans-Baltic enclave was a genuine
colony inhabited by married couples and
not a mere outpost.

From the trans-Baltic settlements
trade goods (the most important were
furs) flowed back to Gotland and the
main Svea centers of commerce: the is-
land towns of Helgo and Birka in Lake
Miilar, near modern Stockholm. Excava-
tions at Helgo have revealed trade goods
manufactured far to the south (for ex-
ample glassware made in Cologne on the
Rhine) that had no doubt been received
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VIKING SPHERE during four centuries of trade, settlement and
piracy extended from the Volga River and the Caspian Sea in Asia,
through the Mediterranean and western Europe to the British Isles,
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Iceland and beyond (see illustrations on page 76). The areas where
the Vikings established permanent colonies are indicated in gray;
areas of passing conquest or other brief residence have been omit-

© 1967 SCIENTIFIC AMERICAN, INC

SEA



in exchange for pelts or for the iron that
also was an export of the Svea.

Items of even more distant origin have
been uncovered by the digging at Helgo,
which began in 1953. The bronze head
of a crosier—the ornate shepherd’s crook
carried by abbots, bishops and other
church officials as a symbol of their pas-
toral duties—is among the finds. It is of
Irish manufacture; we can assume that it

(O BOLGAR

> .

ted. The pervasive effect of Viking trade
with the East is shown by the wide distri-
bution of Arab coins (dots mark coin finds).

reached the Norwegian coast as part of
some raider’s loot and was then traded
eastward to Helgo. A greater surprise
was the discovery in 1955 of a small
bronze figure of Buddha, complete with
a golden caste mark on the forehead.

One of the way stations along this
trade route between the north and
Charlemagne’s Europe was a Danish
town at the base of the Jutland penin-
sula. Founded by King Godfred in A.p.
808, it stood near the present Kiel Canal
at a point where only eight miles of land
separate the Treene River and the North
Sea from the Schlei River and the Baltic.
Not only could goods moving north and
south be easily transshipped here; the
light dragon ships could themselves be
hauled from one sea to the other on log
rollers or mattresses of brushwood.

On all this traffic the Danes levied a
profitable tariff. The town was Haithabu
(modern Hedeby) and by a.p. 1000 it
had grown as large as Cologne. Some of
this area, which today lies in West Ger-
many, was excavated before World War
II; the work was resumed in 1960.
Haithabu’s cosmopolitan character dur-
ing the last centuries of the first millen-
nium can be judged by the kinds of
objects that have been uncovered there.
The excavators found, for example, a
gold coin from Byzantium minted during
the rule of the joint emperors Theophilus
and Constantine (a.p. 829 to 842) in
association with a gold-plated bronze
buckle acquired in a raid on Ireland.

In 829 Charlemagne’s son Louis the
Pious received an embassy from the king
of the Svea at a conclave that assembled
at Worms on the Rhine. A regularization
of trade was probably in the minds of
both parties. In any case, Louis took ad-
vantage of the Svea delegation’s return
to Uppsala to send with them a mission-
ary, a Benedictine monk. Accounts of
the monk’s mission indicate that he built
a church but was not very successful in
winning converts among the Vikings.

Overland to Byzantium

Meanwhile in their colonies across the
Baltic the Svea were doing more than
farming and trading. They advanced in
their light ships across eastern Europe
as if its meadows and forests were the
open sea. Sailing up the Diina and
Memel rivers, they beached their shal-
low-draft vessels and carried them over-
land to launch them again in rivers flow-
ing south—the Dnieper and the Volga.
Scarcely 10 years after the Svea embassy
had visited the Emperor of the West at
Worms, Vikings who had sailed the in-
land waterways to the Black Sea paid
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ARAB AND GERMAN COINS found in
Danish hoards show that Viking trade with
the East via Russian waterways collapsed
between A.n. 970 and 1070 (see illustration
at left). During this interval the propor-
tion of Arab coins to German coins fell from
more than 99 percent to less than 1 percent.

their respects to the Emperor of the East
at Byzantium. Indeed, one such Svea
group traveled back to its own land not
the way it had come but by way of the
Mediterranean and Italy, traveling with
the Eastern emperor’s embassy to the
new ruler of the West (Lothar, who suc-
ceeded Louis the Pious in 840). A con-
temporary chronicle introduces us to a
new word: the returning Svea are re-
ferred to as “some men calling them-
selves and their people Rus.”

It is worth a digression to consider this
word. The coastal district east of Uppsa-
la in Sweden is Roslagen, and to this day
its inhabitants are called Rospiggar. (The
word rus itself means “oarsman.”) The
Svea kings certainly raised levies in this
district, each locality traditionally fur-
nishing a ship and crew. It is at least
plausible to suggest that the trans-Baltic
Viking settlements included many such
complements of rus from Roslagen. Fur-
ther weight is lent to this suggestion by
the fact that the Finnish name for Swe-
den is Ruotsi. It is not surprising, there-
fore, that the oldest political entity in
eastern Europe, the city of Kiev and
its surrounding lands on the Dnieper,
should have come to be known as Rus-
land and eventually as Russia.

In czarist times, and even today, some
Russian scholars have challenged this
derivation of “Russia.” In my view the
archaeological record strongly supports
the Viking origin of “Rusland.” As in
the Gotland graves in Latvia, graves in
Russia have yielded a large number of
women’s ornaments that show typical
Svea workmanship. Nearly 100 oval Svea

69



i e ——
3]\

GOKSTAD SHIP, smaller than most of the dragon ships with
which the Vikings harried the British Isles and western Europe,
preserves their main features. For the better part of its 78-foot

6 9

length (from “a” to “b”) the keel is one piece of oak, hewn from a
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tree that must have stood more than 75 feet high. The ship had 16
pairs of oars, and 32 overlapping shields filled the spaces between
the oar holes on each side when the ship was in port. The three up-
rights (“c,” “d” and “e”) may have supported tentlike shelters in
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foul weather. Little is known, however,
about the accommodations the Vikings en-
joyed while at sea, how the ships’ sails were
rigged or what rigging braced their masts.

clasps have been unearthed, for exam-
ple. I take this to be clear proof that
the same Viking warrior-merchants who
traveled the inland waterways also set-
tled, with their wives, the fertile Rus-
sian countryside. Moreover, an excava-
tion in Kiev has uncovered a chamber
tomb of typical Svea design, and on the
chest of the entombed man was found
a Svea “Thor’s hammer.” It takes little
imagination to reach the conclusion that
the man was a worshiper of the Norse
gods and in all probability a Viking
colonist.

At least at first, however, the inland
voyagers must have considered trade
more important than colonization. Soon
many of the Svea knew all the details of
the journey southward from Kiev. They
knew the names of the seven rapids of
the Dnieper where travelers had to por-
tage, and had chosen an island (Bere-
zany) in the Dnieper delta as a place to
stop before sailing on across the Black
Sea. Soon treaties were written between
the Byzantine authorities and the Svea,
mainly to restrict the voyagers” freedom
of action. The Vikings were not allowed
to spend the winter in Byzantium. No
more than 50 Vikings at a time could
enter the city, and then only unarmed.
Purchases of silk, a highly prized com-
modity, were not to exceed 50 aurei in
value. The traders may not have spent
long periods at the island of Berezany,
but one of them found time to leave a
memorial stone there. Its runic inscrip-
tion reads: “Grane raised this arch for his
comrade Karl.”

Contact with Islam

The route to Byzantium down the
Dnieper was only one of the inland
waterways used by the Viking traders.
They also reached the Volga by way of
the Gulf of Finland and Lake Ladoga,
and descended to the Caspian Sea, a
gateway to the world of the Turks and
the Arabs. It was not even necessary to
go all the way to the Caspian; at a half-
way point on the Volga stood the rich
trading city of Bolgar. The 10th-century
Arab geographer Muqqadasi names
some of the goods sold in the market
there: “Sable, squirrel, ermine, corsac,
martin, foxes, beaver pelts, colorful hare,
goatskin, wax, arrows, birchbark, caps,
fish-lime, fish teeth, beaver-gall, amber,
horny leather, honey, hazel nuts, hawks,
swords, armor, acorns, Slavonic slaves,
small cattle and oxen—all this from Bol-
gar.”

Another market town, at the mouth of
the Volga, was equally colorful. There,
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near present-day Astrakhan, a 10th-cen-
tury representative of the Bagdad caliph-
ate named ibn Fadlan met a Viking trad-
ing party. “I have never seen humans
more nobly built,” he wrote. “They are
tall as palm trees, red blond, with light
skins. The man wears a cape slung over
one shoulder, so that one hand is free.
Every man carries an axe, a dirk and a
sword. Each one has a bench on which
he sits with his beautiful slaves who are
for sale. [To worship] a man goes up to
[a wooden] pillar and throws himself
down on the ground and says, ‘O my god,
I come from far oft and bring with me so
and so many women and so and so many
skins of martin. ... Grant me a purchaser
who has many gold and silver coins and
buys everything from me....” When a
man possesses 10,000 silver coins he has
a [necklace] made for his wife. If he has
20,000 she gets a second necklace....
Many chains therefore hang around the
neck of a Rus woman.”

There is no reason to doubt the im-
portance of slaves as articles of trade.
Who the slaves were is suggested by the
fact that the Svea word for such human
chattels, trdlar, was soon abandoned in
favor of the word slavar. Evidently most
of the slaves were Slavs. Yet the Vikings’
slaves would not have been exclusively
Slavs; one wonders how many Franks,
Irish and Anglo-Saxons served as invol-
untary oarsmen on the dragon ships’
homeward voyages and then moved on
to the slave markets of the Scandinavian
peninsula. Not all the slave markets were
strictly in Viking country. Recent studies
have shown that three of them were on
the European mainland: Haithabu on
the Baltic, Magdeburg on the Elbe and
Regensburg on the Danube. One Viking
merchant, called “Gille the Russian” be-
cause he always wore a Russian cap, was
a common sight in the slave market of
Goteborg, in what is now Sweden. His
specialty was Irish girls; it is recorded
that he sold one of them for three times
the usual price, in spite of the fact that
the girl was deaf. She must have been
very beautiful.

The total number of Arab silver coins
so far discovered in Scandinavia is about
57,000. The way in which these coins
are distributed brings out an important
fact about the various Viking groups and
their separate areas of operations. It is
apparent that the hoards were not a
normal place of storage but a temporary
refuge for treasure. Probably only when
the possessors of precious metal believed
they were about to be raided would they
hastily dig a hole and hide their treasure,
always in the expectation of reclaiming
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it when the trouble was past. This helps
to explain why Gotland, which was a
favorite target of raiders, has yielded not
only the two largest hoards in Scandi-
navia but also the largest number of
Arab coins—some 40,000 in all. Doubt-
less the hoards remained buried when
their owners were victims of the very
raids that caused them to hide their
wealth.

In any case, only 17,000 additional
Arab coins have been recovered from the
Swedish mainland and modern Den-
mark, and Norway has yielded a mere
400. The geography of Scandinavia ex-
plains why this is so. For the Gotlanders
and the peoples of the Swedish mainland
the Baltic was virtually a private lake.
They usually left it only to take to the
inland waterways of Russia. The Danish
peoples, on the other hand, faced both
the North Sea and the Baltic. When they
raided, England and the coast of Ger-
many and France were their primary
targets. When they traded, it was into
the Baltic. It is not surprising that much
Arab coinage should have come into
Danish hands. As for the peoples of what
is now Norway, their harbors on the
North Sea were best suited to island-

hopping operations that led them by way
of the Shetland and the Orkney islands
to the Irish Sea and the rich prizes along
both its eastern and its western shore. It
is therefore not surprising that they pos-
sessed very little Arab silver.

No one of these three main Viking
spheres of influence was held exclusively.
Consider the example of Harald Haad-
raade (Hard-Ruler), who commanded
the Byzantine fleet under the Empress
Zoé¢ and even fought a naval engagement
(off Monopoli, near Naples, in 1042)
against fellow Vikings who had entered
the Mediterranean from the west. Al-
though a dominant figure among the
eastern Vikings, Harald himself was a
Norwegian who had spent his boyhood
in Russia and had thus gravitated toward
Byzantium. When he eventually re-
turned home to occupy the Norwegian
throne, he was no less active in western
affairs. It was fighting off his raid on
England in 1066 that wore out the
English king Harold’s troops and assured
the Norman Conquest. Another example
is provided by the Danish Vikings who
moved into the normally Norwegian
preserve of Ireland in the middle of the
ninth century. The Danes fought beside

DRAGON HEAD carved out of wood provides an example of more intricate Viking work-
manship than the stone carving shown on page 75. This is one of several dragon heads
found aboard the ship in which a Norwegian Viking queen was buried near Oslo in A.p. 850.
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the Irish to repulse the next Norwegian
raiders to appear. On the whole, how-
ever, the Swedish Vikings stayed in the
Baltic and the East, leaving the North
Sea, the Atlantic and the parts of the
Mediterranean that were unclaimed by
Byzantium to the Norwegians and the
Danes.

The Norwegian and Danish Vikings

In describing the activities of the Nor-
wegians and the Danes during the ninth
century one can draw a legitimate dis-
tinction between the occasions when
they were raiding and those in which
they were colonizing. The Norwegians
certainly settled the northern islands
they used as stepping-stones to the Irish
Sea. Once established in western waters,
they founded settlements in the Heb-
rides and on the islands nearer the west-
ern coast of Scotland and also made the
Isle of Man a base of operations. Al-
though the Norwegians began raiding
Ireland as early as 820, their intentions
were more ambitious than mere piracy.
By the middle of the century they had
established a royal line in Dublin and
held extensive Irish lands.

Nor were the Danes—who, as we shall
see, were second to none as raiders—
exclusively piratical. Ragnar Lodbrok
(Hairy-Breeches) was clearly a man of
large plans. One of the first Danish Vi-
kings to take advantage of the civil strife
that had divided Europe into three
quarrelsome kingdoms after the death
of Charlemagne, he gave the king of
France, Charles the Bald, a bad scare in
845 by sailing a 120-ship force up the
Seine and capturing Paris. Charles’s
army was divided by the river. Ragnar
routed the French troops on one bank
while their comrades-in-arms on the
other bank did nothing. Whatever ag-
gressiveness may have remained in
the French ebbed away when Ragnar
hanged more than 100 of his prisoners as
a sacrifice to Odin. Shortly thereafter
Charles the Bald sent Ragnar a gift of
7,000 pounds of silver and asked him to
desist.

Yet Ragnar’s three sons, with a mini-
mum of bloodshed in 876, successfully
seized and colonized the eastern part
of England—a region called the Five
Boroughs after the five strongholds (Lin-
coln, Stamford, Leicester, Derby and
Nottingham) from which the Danes ad-
ministered it. The district remained pop-
ulous and prosperous until William the
Conqueror—himself of Viking descent—
found that a “harrying of the north” was
necessary if his new kingdom was to
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VIKING SHIP BURIAL, unearthed in 1880 at Gokstad in Norway,
served as the grave of King Olaf, who died in 880. Although its
royal treasure had been looted centuries earlier, the Gokstad ship’s
timbers were so well preserved that it could be reconstructed in full
detail (see illustration on pages 70 and 71). The ship’s single mast

was secured to the hull by means of a set of interlocking braces that
are visible amidships in the photograph. The twin sets of upright
planks that form inverted V’s to the rear of the mast bracing were
parts of the framework of the burial chamber rather than com-
ponents of a deckhouse. The ship could carry a load of 20 tons.
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SILVER PENDANTS are examples of simple and elaborate Viking work in metal. Both ob-
jects are so-called Thor hammers. The simple one recognizably mimics a socketed hammer-
head mounted on a short shaft, but the maker of the ornate one did not attempt realism.
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VIKING NECKLACE, found near Stockholm, shows the wide geographical range of Viking

trade. Clockwise, the coin (“a,

2

at top) is Byzantine, the silver fragment (b) is from an

Arab bowl and the bronze flange (c¢) is a portion of a book mounting made in Great Britain.
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be free from Scandinavian interference.

Ragnar was not the first Viking to raid
mainland Europe. Four years earlier, in
May of 841, a Danish force under one
Asgeir sailed up the Seine toward Paris.
It sacked Rouen and advanced as far
as St. Denis before turning back. Two
years later another Viking force with
67 ships sailed up the Loire, ravaged
Nantes and sailed downstream again to
pass the winter in Noirmontier at the
river’s mouth.

The Vikings remained active on the
North Sea coast. The Frisian city of
Dorestad was looted almost yearly. In
845, the same year in which Ragnar
attacked Paris, another Viking force
burned Hamburg. The chronicles of the
unsuccessful defense of Hamburg state
that the assault was mounted by 600
dragon ships. If we give each vessel a
complement of 40 men, we must assume
a Viking force of 24,000! It seems more
likely that the Viking fleet numbered
perhaps 60, rather than 600, vessels.

The year 845 also saw the customary
Viking raids on Ireland and, far more
significant, the dispatch of a fleet (said
to number 100 ships) that sailed south
past France and Spain into the Mediter-
ranean to trade or raid along the coast
of Arab North Africa. The record of this
first entry into the Mediterranean by the
western Vikings is obscure. More infor-
mation is available on these activities
four years later, in 859. In that year Rag-
nar’s son Bjorn Ironsides, together with a
Viking named Hastings, sailed 62 dragon
ships into the Mediterranean for a raid
that lasted 36 months. Using an island at
the mouth of the Rhone as their base,
they plundered Nimes, Arles and Va-
lence. Then, pushing eastward into Italy,
they sacked Pisa, Fiesole and Luna (a
harbor town that no longer exists). On
the way home Bjorn’s Vikings stopped
at Pamplona in Spain. There they hap-
pened to find the Prince of Navarre, for
whom they were given a large ransom.
The Vikings counted it a successful voy-
age, even though they lost 40 of their
ships in a storm off Gibraltar. Among
other things, their peaceable visit to
Morocco during the voyage resulted in
the Maghreb caliphate’s dispatching an
ambassador to Denmark. It is reported
that he did not enjoy his visit.

In the winter of 878, two years after
Ragnar’s three sons had established the
Five Boroughs in England, other Viking
raiders gathered to see what could be ac-
complished elsewhere in the British Isles.
Fortunately for England, but unfortu-
nately for the continent of Europe, Al-
fred, a young English ruler in Wessex,



defeated the invading force at Ethan-
dun. The following spring the defeated
Vikings landed en masse at the mouth
of the Schelde River, gradually assem-
bled a “Great Army” that finally num-
bered 700 ships and 40,000 men, and
proceeded to ravage the Continent for
the next 13 years.

At last, having gathered all the loot it
could and finding little prospect for more
in a famine year, the Great Army with-
drew. The Viking force then sailed for
England once again, but Alfred (now
known as “the Great”) was more than
ready for them, this time with his own
fleet. By 896, in the final years of Alfred’s
reign, the remnants of the Great Army
sailed back to the Continent, reduced to
little more than a band of mercenaries.

In the opening years of the 10th cen-
tury European towns were no longer
regularly sacked by major Viking forces,
but the Viking influence on the Conti-
nent remained considerable. Fresh Vi-
king forces continued to leave Denmark
and Norway, seeking lands to occupy.
One such emigré—Rollo—eventually be-
came leader of all western Europe’s
Vikings.

The king of France, Charles the Sim-
ple, saw a solution to the Viking prob-
lem. In exchange for Rollo’s baptism
and an oath of fealty in 911, Charles
granted the Viking leader all Normandy.
It was from this Viking enclave that a

century and a half later emerged both
the leader and the troops who conquered
England and reshaped its history.

The Dragon Ships

What single element in Viking history
can be deemed mostresponsible for these
northerners’ success in battle, trade and
emigration? It must surely be the dragon
ship. The tallies of the Viking fleets of
the ninth and 10th centuries make it
clear that these ships were built in large
numbers, but the fact remains that only
a few of the vessels uncovered by the
archaeologist’s spade are typical dragon
ships. From the remains we have and
from literary descriptions, however, it is
possible to reconstruct the Vikings™ sea-
faring warships with reasonable accu-
racy.

The earliest-known Scandinavian ship,
uncovered on a moor near Nydam in
Denmark, dates back to about a.p. 300.
Built of oak planks, it had a rounded
bottom and a comparatively deep draft;
it had no keel or mast. There were posi-
tions for 30 oars—15 on each side—and
therefore 15 oarsmen’s benches. The
second-known Scandinavian ship, built
some 300 years later and unearthed at
Kvalsund, I have already mentioned.
It shows considerable evolution, being
wider in beam and shallower in draft
than the Nydam ship. Although it lacks

a true keel, it has a deck and provision
for a mast.

The finest Viking ships discovered so
far are all from sites near Oslo in Nor-
way: Gokstad and Oseberg on the west-
ern shore of Oslofjord and Tune on the
eastern shore. The Gokstad ship, uncov-
ered in 1880, is 78 feet long, has a mast
and also a keel consisting of a single oak
timber. Its carrying capacity is estimated
at 20 tons. It has 16 rowing benches,
32 oars in all. The Norwegian notable
whose grave it marks appears to be one
Olaf, a king who lived from about 810
to 880.

The Oseberg ship, which was discov-
ered in 1904, is shorter by some six feet,
has one less rowing bench and a mast
that gives the impression of being small
and weak. This ship is the burial place
of Olaf’s stepmother, Queen Asa, whose
husband ruled from about 780 to 820.
Both the ship and its contents are dec-
orated with carvings of remarkable beau-
ty and intricacy. Nonetheless, the Ose-
berg ship appears not to have been an
oceangoing craft but a coastwise one.
The third vessel, found near Tune in
1867, is the least well preserved of the
three. It is estimated to have been some
66 feet long and to have had 11 or 12
rowing benches. All three vessels are
preserved today in a special museum at
Bygdoy, outside Oslo.

How closely do these Norwegian ves-

LEGEND OF SIEGFRIED, popular among the Vikings, is the sub-
ject of this Viking memorial inscription. The body of the huge
dragon, Fafner, forms the lower margin of the rock carving; within
its outline is a runic inscription honoring one Holmger. The legend
starts (lower right) with Siegfried driving his sword into Fafner’s
body. Next (left of center) Siegfried sits cooking the dragon’s heart
on a spit. Burning his thumb with the hot fat, he puts the thumb in
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his mouth. The taste of dragon fat works wonders; he now under-
stands animal languages and overhears the birds in the tree beside
his horse (right). The birds are discussing the treacherous plans of
the smith Regin. Siegfried at once slays Regin; the headless corpse
(far left) is identified as the smith’s by the hammer, tongs, anvil and
bellows that lie nearby. The doglike animal above the smith’s ham-
mer is Rodmar’s son, the otter; in its mouth is Nibelung’s ring.
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VINLAND MAP, drawn 52 years before Columbus discovered America, shows a surprising-
ly accurate outline of Greenland to the west of Iceland and a larger island, labeled Vinland,
to the west of Greenland. A notation on the map, prepared for an ecclesiastical council at
Basel in 1440, declares that Eric Gnuppson, a bishop of Greenland, visited “this very rich

land” (Vinland) in 1118. The map maker dotted the Atlantic with fictitious islands.

MODERN MAP of the same regions shown in the Vinland map shows the remarkable cor-
rectness of the earlier document’s outline of Greenland. Although the shape given to Vin-
land bears no obvious relation to the shape of northeastern North America, its two bays (see
top illustration) may indicate a knowledge of Hudson Bay and the Gulf of St. Lawrence.
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sels resemble the Viking dragon ships?
The Gokstad ship has passed an impres-
sive empirical test: a faithful replica of
it was sailed across the Atlantic in 1893
to be exhibited at the Chicago World’s
Fair. Not only was the voyage success-
ful but also the crew found they could
make a speed of as much as 10 to 11
knots in a brisk wind. It is therefore pos-
sible that some dragon ships were as
small as the Gokstad ship. On the basis
of literary descriptions, however, it ap-
pears that most dragon ships were larger.

The ships built for royalty at the turn
of the millennium, although known only
through oral tradition, were appalent]y
larger still. At the Battle of Svolder In
A.p. 1000 King Olaf of Norway appeared
aboard the Ormen Lange (Long Snake),
which was some 164 feet long and had
34 rowing benches. The last of the royal
Norwegian ships, built by the shipwrights
of Trondheim in 1263, had three more
rowing benches than the Ormen Lange.
Sang a skald: “[It] shall carry thee, ma-
jestic friend, like a keen hawk on the
quarterdeck. Never did more beautiful
ship sail with more magnificent king.”

Not all Viking vessels were dragon
ships. Viking freighters, called knarr,
were known only from literary refer-
ences, however, until 1962. In that year
Danish archaeologists recovered several
incomplete Viking ships from Roskilde
Fjord on the Danish island of Seeland.
For reasons at which we can only guess,
the people of Roskilde had blocked their
harbor by filling several ships with
stones and sinking them in the mouth of
the fjord. One of them, 53 feet long, was
apparently a fast cargo vessel. Another
vessel is almost 65 feet long and is nota-
ble for its breadth of beam and the stout-
ness of its timbers. It was evidently a
carrier of heavy freight. To judge by the
low railing and the number of oar holes
of the third ship, it may have been a fast
passenger vessel. A fourth appears to be
a onetime dragon ship that was con-
verted into a freighter late in its career.
The remains of the other Roskilde ships
are too fragmentary to tell us much
about them.

Meanwhile other ships that may be-
long to the Viking period have been
found in northern Germany. In 1953 a
volunteer diver working with the direc-
tor of the Schleswig Museum located
one large vessel and parts of a smaller
one in the harbor of Haithabu. All of us
who are particularly interested in such
matters look forward to what will be
learned from these remains when the
funds necessary for their recovery be-
come available.



When and why did Viking fortunes—
in trade if not in war—decline? To the
first of these questions Scandinavian
archaeology provides a remarkably de-
tailed answer. The silver hoards re-
covered in Denmark, for example, con-
tained no coins but Arab ones until 950.
The hoards of the next 30 years con-
tain both Arab coins and a few Ger-
man ones. A century later exactly the
opposite is true: of some 3,000 silver
coins found in hoards that were buried
between 1050 and 1070 only four are
Arab. Evidently Viking contacts with
the Moslem world dwindled to nothing
within the span of a century.

As to the question of why, it is prob-
ably pertinent to note three historical
developments that fall within the same
period. First, the silver mines of central
Asia (on which the Moslem rulers of
the East depended for their metal)
seem to have become exhausted at |
about this time. Second, a general ad-
vance of Turkish tribes in the Middle
East and Near East denied the Russian |
waterways to the Swedish Vikings and
severed their connections with Byzan-
tium. Finally, the European powers on
the Mediterranean halted the advance
of Islam during this period and soon no
longer needed the hardy Viking mer-
chant-warriors to act as middlemen.

The Vikings in North America

Our knowledge of one other impor-
tant series of events in Viking history—
the voyages west from Iceland—has also
been increased as a result of recent
archaeological research. The story of
Eric the Red and his son Leif is too
well known to need retelling here. Less
well known, perhaps, is the tradition
that another Greenlander, Thorfinn
Karlsefni, took three ships and 160 men
and in 1020 established a colony in |
what they called Vinland on the coast
of North America. When Thorfinn’s
house in Greenland was excavated in |
1930, the diggers came on a lump of
anthracite coal that has been identified
as having originated in the vicinity of
Rhode Island. |

At Brattalid, in Greenland’s “eastern |
settlement,” archaeologists have un-
covered Leif Ericson’s homestead. In
1965 these workers came on the remains
of Leif’s mother’s chapel, a few hundred
yards from the foundation of his house.
Beside the chapel are 150 graves, from
which 96 skeletons have been disin-
terred. It seems more than likely that
one of them is Leif’s.

For some centuries the New World .

Why doesn’t somebody design an
inverted microscope specifically for
tissue culture and other biological studies?

-

-
] ®

Somebody has. It’s the Wild M-40.

This is no modification. It's the newest, highest state-of-the-art in

| inverted microscope design and construction. In mechanical preci-

sion. In optical quality. And in conveniences, operating speed and ease.
It's the first of its kind, a typical Wild classic. Write for Booklet M-40.
® WILD HEERBRUGG INSTRUMENTS, INC.
w. LD FARMINGDALE, NEW YORK 11735

Fulr In Canada: Wild of Canada Ltd.

(pIAAS] =1 SICICIN Factory Services 881 Lady Ellen Place, Ottawa 3, Ontario

77

© 1967 SCIENTIFIC AMERICAN, INC



Greater resistance
to tracking
with Plenco.

“Four times greater,”
reports Cutler-Hammer.

M The distinctive C-H monogram means dependable control. The
world over.

To maintain their leadership in this field, Cutler-Hammer, Inc. offers
improved A-c Magnetic Starters, using large quantities of our Plenco #757
Brown Melamine-Phenolic Compound in molding them. Reason? Primarily
because of 757’s resistance to tracking under contaminated conditions.

Matter of fact, Plenco 757, adds Cutler-Hammer, provides four times
greater resistance to tracking. Virtually eliminates problems of tracking
due to arcing in the key starter moldings. Meets CEE requirements T5-3
for Grade 3 material, tracking index in excess of 500 volts, specified in
most European countries.

Additional tests show superior insulating properties that assure mini-
mum loss of insulation at elevated temperatures, superior wear properties,
excellent mechanical strength.

Result—a starter that lasts longer, works better, is more reliable. The
kind of satisfaction you expect from Plenco selections and service.
Whatever your product or application.

PLENCO

PHENOLIC MOLDING COMPOUNDS

PLASTICS ENGINEERING COMPANY, SHEBOYGAN, WIS. 53081
Through Plenco research . .. a wide range of ready-made or custom-formulated phenolic.
melamine and epoxy thermoset molding compounds, and industrial resins.

78

© 1967 SCIENTIFIC AMERICAN, INC

settlement established by Leif—called
Leifsbodarna in the Viking sagas—had
been sought, without success. During
the 1950’s, however, a Norwegian in-
vestigator, Helge Ingstad, began to re-
connoiter the coasts of Labrador and
Newfoundland with a fresh idea in
mind. Could the “vin” in Vinland mean
something other than “wine,” as had
been generally supposed? Ingstad pre-
ferred to think that it meant “grass” or
“pasturage.” In 1961, near the isolated
fishing village of L’Anse au Meadow
in northern Newfoundland, an expedi-
tion under Ingstad uncovered traces of
several buildings, including the founda-
tion of a “great hall” identical with the
one Leif had built for himself in Green-
land. Charcoal associated with iron and
slag at the site—evidently the remains of
a smithy—has yielded a carbon-14 date
of Ap. 1060 = 70, which agrees reason-
ably well with the dates that are given in
the sagas.

Three years” work at the Newfound-
land site has yielded Ingstad a number
of architectural details but very few
artifacts. Perhaps the most significant
one is a spindle whorl—the weight that
acts as a flywheel when a spindle is
used to twist yarn from raw wool—
made of soapstone. Soapstone spindle
whorls are common at Norse sites in
Greenland and Iceland, as well as in
Scandinavia.

Greenland’s Decline

The Greenland colonies from which
the Viking visiters to North America
came numbered some 300 homesteads
at their height. They were cut off from
contact with Iceland and Europe some-
time during the 15th century, but before
that they had had a bishop, two cloisters
and 16 churches. They had even sent a
tithe of walrus tusks to the Vatican (the
record shows that 250 tusks were re-
ceived in 1327). The only vessel regu-
larly in the Greenland trade was wrecked
in 1367 and not replaced, but archaeo-
logical evidence shows that contacts con-
tinued after that date. In Greenland
graves are found woolen caps, peaked
in a manner that became fashionable in
Burgundy during the latter half of the
15th century.

Less than a century later, in 1540, a
voyaging Icelander happened to sail past
one of Greenland’s settled fjords. He saw
people, including a man lying dead on
the ground, and decided not to land. A
few years later a ship out of Hamburg
called at Greenland but its captain was
unable to find any signs of life.
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WORLD-WIDE COMMUNICATIONS
DEMAND NEW IDEAS IN GLOBAL LINKS
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equipment is proven by the use of both mathematical and
scale models before any hardware is produced to confirm
estimates Sanders predicts in its preliminary study
programs.

One of our communications systems advancements and
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Gene Structure and Protein Structure

A linear correspondence between these two chainlike

molecules was postulated more than a dozen years ago.

Here is how the correspondence was finally demonstrated

The present molecular theory of ge-
netics, known irreverently as “the
central dogma,” is now 14 years
old. Implicit in the theory from the out-
set was the notion that genetic informa-

tion is coded in linear sequence in mole-
cules of deoxyribonucleic acid (DNA)

by Charles Yanofsky

and that the sequence directly deter-
mines the linear sequence of amino acid
units in molecules of protein. In other
words, one expected the two molecules
to be colinear. The problem was to prove
that they were.

Over the same 14 years, as a conse-

quence of an international effort, most
of the predictions of the central dogma
have been verified one by one. The re-
sults were recently summarized in these
pages by F. H. C. Crick, who together
with James D. Watson proposed the
helical, two-strand structure for DNA on

GENE (DNA)

CODON NUMBER

PROTEIN

L1
ARG
170 17

YR
172

AMINO ACID GLY

STRUCTURES OF GENE AND PROTEIN have been shown to
bear a direct linear correspondence by the author and his col-
leagues at Stanford University. They demonstrated that a particular
sequence of coding units (codons) in the genetic molecule deoxy-
ribonucleic acid, or DNA (top), specifies a corresponding sequence
of amino acid units in the structure of a protein molecule (bottom).

80

THR  TYR—> LEU
173 175

LEU—>

In the DNA molecule depicted here the black spheres rep-
resent repeating units of deoxyribose sugar and phosphate, which
form the helical backbones of the two-strand molecule. The white
spheres connecting the two strands represent complementary pairs
of the four kinds of base that provide the “letters” in which the
genetic message is written. A sequence of three bases attached to
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ARG

178

which the central dogma is based [see
“The Genetic Code: IIL,” by F. H. C.
Crick; ScientiFic AMERICAN, October,
1966]. Here I shall describe in somewhat
more detail how our studies at Stanford
University demonstrated the colinearity
of genetic structure (as embodied in

DNA) and protein structure.
]jt me begin with a brief review. The
molecular subunits that provide the
“letters” of the code alphabet in DNA
are the four nitrogenous bases adenine
(A), guanine (G), cytosine (C) and thy-
mine (T). If the four letters were taken
in pairs, they would provide only 16
different code words—too few to specify
the 20 different amino acids commonly
found in protein molecules. If they are
taken in triplets, however, the four let-
ters can provide 64 different code words,
which would seem too many for the ef-
ficient specification of the 20 amino ac-
ids. Accordingly it was conceivable that
the cell might employ fewer than the 64
possible triplets. We now know that na-

GLY
180

ALA
179

one strand of DNA is a codon and specifies one amino acid. The
amino acid sequence illustrated here is the region from position 170
through 185 in the A4 protein of the enzyme tryptophan synthe-
tase produced by the bacterium Escherichia coli. It was found that
mutations in the A gene of E. coli altered the amino acids at three
places (174, 176 and 182) in this region of the A protein. (A key to

VAL
181

ture not only has selected the triplet
code but also makes use of most (if not
all) of the 64 triplets, which are called
codons. Each amino acid but one (tryp-
tophan) is specified by at least two differ-
ent codons, and a few amino acids are
specified by as many as six codons. It is
becoming clear that the living cell ex-
ploits this redundancy in subtle ways.
Of the 64 codons, 61 have been shown
to specify one or another of the 20
amino acids. The remaining three can
act as “chain terminators,” which signal
the end of a genetic message.

A genetic message is defined as the
amount of information in one gene; it
is the information needed to specify
the complete amino acid sequence in
one polypeptide chain. This relation,
which underlies the central dogma, is
sometimes expressed as the one-gene-
one-enzyme hypothesis. It was first clear-
ly enunciated by George W. Beadle and
Edward L. Tatum, as a result of their
studies with the red bread mold Neuro-
spora crassa around 1940. In some cases

183

© 1967 SCIENTIFIC AMERICAN, INC

ALA

a single polypeptide chain constitutes a
complete protein molecule, which often
acts as an enzyme, or biological catalyst.
Frequently, however, two or more poly-
peptide chains must join together in or-
der to form an active protein. For exam-
ple, tryptophan synthetase, the enzyme
we used in our colinearity studies, con-
sists of four polypeptide chains: two
alpha chains and two beta chains.
How might one establish the co-
linearity of codons in DNA and amino
acid units in a polypeptide chain? The
most direct approach would be to sep-
arate the two strands of DNA obtained
from some organism and determine the
base sequence of that portion of a strand
which is presumed to be colinear with
the amino acid sequence of a particular
protein. If the amino acid sequence of
the protein were not already known, it
too would have to be established. One
could then write the two sequences in
adjacent columns and see if the same
codon (or its synonym) always appeared
adjacent to a particular amino acid. If it

GLU

184 185

the amino acid abbreviations can be found on page 87.) The three
amino acids that replace the three normal ones as a result of muta-
tion are shown at the extreme right. Each replacement is pro-
duced by a mutation at one site (dark color) in the DNA of the
A gene. In all, the author and his associates correlated mutations
at eight sites in the 4 gene with alterations in the A protein.

8l



did, a colinear relation would be estab-
lished. Unfortunately this direct ap-
proach cannot be taken because so far it
has not been possible to isolate and iden-
tify individual genes. Even if one could
isolate a single gene that specified a poly-
peptide made up of 150 amino acids
(and not many polypeptides are that

small), one would have to determine the
sequence of units in a DNA strand con-
sisting of some 450 bases.

It was necessary, therefore, to con-
sider a more feasible way of attacking
the problem. An approach that immedi-
ately suggests itself to a geneticist is
to construct a genetic map, which is a

representation of the information con-
tained in the gene, and see if the map
can be related to protein structure. A
genetic map is constructed solely on the
basis of information obtained by cross-
ing individual organisms that differ in
two or more hereditary respects (a re-
finement of the technique originally
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GENETIC CONTROL OF CELL’S CHEMISTRY is exemplified by
the two genes in E. coli that carry the instructions for making the
enzyme tryptophan synthetase. The enzyme is actually a complex
of four polypeptide chains: two alpha chains and two beta chains.
The alpha chain is the 4 protein in which changes produced by
mutations in the 4 gene have provided the evidence for gene-pro-

82

tein colinearity. One class of A-protein mutants retains the ability
to associate with beta chains but the complex is no longer able to
catalyze the normal biochemical reaction: the conversion of indole-
3-glycerol phosphate and serine to tryptophan and 3-phosphoglycer-
aldehyde. But the complex can still catalyze a simpler nonphysio-
logical reaction: the conversion of indole and serine to tryptophan.
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SCIENCE. SCOPE

Experimenls with the Applications Technology Satellites promise more far-reaching
benefits to more people than any other space activity now foreseeable, in the opinion of
many observers. A better understanding of global weather, for example, would
immediately benefit agriculture and commerce. Yet methods for collecting data from
literally thousands of weather stations around the world have lagged far behind recent
advances in weather forecasting. The Wefax experiment, recently carried out aboard

the Hughes-built ATS-1 satellite, demonstrated that facsimile data (tables, charts, pictures)
can be swiftly relayed from the stations via satellite to very inexpensive ground receivers,
so that even the underdeveloped nations could participate.

A computer the size of a table radio has been developed by Hughes for use in missiles,
satellites, and military aircraft. Though it weighs only 13.3 lbs. including its power
supply, it rivals the performance of many large business computers. It has a memory
capacity of 8,192 words, expandable to 16,384, and an 18-bit word length. It carries out
125,000 operations (such as addition or subtraction) per second.

Hughes' new line of commercial-industrial lasers will be marketed in the U.S,, its
territories and possessions, and Canada by Beckman Instruments, Inc. Sales efforts

will be concentrated on laboratories and academic institutions using lasers for research,
experimental, or educational purposes. Hughes laser welders will continue to be marketed
by the Airco Welding Products division of Air Reduction Co., Inc.

Eight “mini” electronics labs for on-the-spot maintenance of military communications
equipment were delivered to the U.S. Army recently by Hughes for possible use in
Southeast Asia. Equipment is housed in 7x7x11-foot shelters, which provide work
stations for two men. Two-inch walls, surfaced with thin aluminum and filled with
foam, insulate the interior against jungle heat or sub-zero cold. Complete labs weigh
only 4,000 pounds and can be air-lifted by the Huey helicopters now used in Vietnam.

New opportunities for engineers are being created daily at Hughes as the pace quickens
on several major programs. Most urgent needs: electro-optical, aeronautical systems,
circuit design, and radar systems. Requirements: at least two years of applicable
experience, accredited degree, U.S. citizenship. We also have several openings for
scientific programmers. Please send your resumé to: Mr. J. C. Cox, Hughes Aircraft Co.,
Culver City, Calif. Hughes is an equal opportunity employer.

Ten giant radio transmitters, built by Hughes for the U.S. Information Agency, will beam
Voice of America broadcasts to Southeast Asia and China. Each transmitter has 50
million watts of effective radiated power— enough to penetrate 5,000 miles beyond the
“Bamboo Curtain.” In case of jamming, the program can be switched within 20 seconds
to another of the transmitter’s 20 preset channels (most transmitters require 10 or 15
minutes to change frequencies). The new Voice of America station will be the hub of a
self-sufficient 2000-acre complex now under construction. It will have 48 antenna arrays,
each supported by four 300- to 400-foot towers.

Creating a new world with electronics

HUGHES |

vy SNV e 4
HUGHES AIRCRAFT COMPANY
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A picture of the picture under

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

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

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

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

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



he picture 1n 15 seconds.

what we've shown here.

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

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

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

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

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

Polaroid Infrared Land Film

Polaroid ®

*Courtesy of The Metropolitan Museum of Art, bequest of Richard de Wolfe Brixey, 1943.
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(Advertisement)

ALPHATIZED STEEL

A versatile new product, formable as drawing quality cold rolled sheet,

with corrosion resistance similar to stainless steel. Its coating is a

diffusion layer rich in chromium, with a strong metallurgical bond.

by Dr. Murray J. Roblin, Research Manager

he principal reason for selecting
a particular alloy is often re-
lated to surface properties. Ap-
pearance, corrosion resistance,
oxidation properties or resistance to
wear can be so vital that the metallic
system or alloy is chosen for these prop-
erties alone. Then, in many cases, the
matrix properties are not suitable for
the intended application, or are un-
economic.

Metallurgists have recognized this
problem for some time and have devised
a number of ways to alter surface prop-
erties to more suitably match matrix
and surface properties. One example is
case hardening of steels by carburizing,
nitriding or cyaniding to provide a hard
wear resistant surface and tough duc-
tile matrix. Another approach is to coat
the base material with another metal,
plastic or oxide asin galvanizing, chrome
plating, anodizing and enameling.

Considerable strides have been made
in coating technology. However, the
most important technical problem facing
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the researcher is obtaining good adhe-
sion between surface layer and sub-
strate. Most coatings are additive, and
bonding is often not metallurgical in
nature. Therefore the amount of de-
formation a coated product can undergo
and still retain a continuous adherent
layer is generally restricted. Thus, coat-
ing must often be the final operation in
a product’s manufacture.

One technique which overcomes these
limitations is to coat the substrate with
a metal which does not form intermetal-
lic compounds or other brittle phases,
and to diffuse the coating into the base
metal. This provides a diffusion layer
rich in the coating metal, one that is
metallurgically bonded. Thus the base
metal can be deformed rather exten-
sively with the coating retaining ad-
herence and uniformity.

Chromizing is one such system, and
three separate processes are practiced
today. All use gaseous media to provide
chromium access to the part involved.
In July, 1961 this process was modified
by Gasalloy Steel Corporation to apply
the process concepts to a sheet product
in coil form.

The present Alphatizing technique is
to place a large coil, wound with twisted
wire between the wraps, into a high
temperature furnace containing a chro-
mium source. Once the steel reaches the
required temperature under a deoxidiz-
ing atmosphere, a halide gas is intro-
duced, and flows through the chromium
source and between the wraps into both
surfaces of the steel, where a chromium
atom is deposited and an iron atom
picked up. The latter is returned to the
chromium source, where the process is
repeated.

A uniform, chromium rich layer is
built up on the surface and diffuses into
the matrix. The surface chromium con-
tent is controlled by the chromium po-
tential of the gas, and the depth of case
by the length of time the process is
carried out at temperature.

By carrying out the process above
the austenitizing temperature (1670° F
for iron) a chromium gradient can be
achieved with a higher average chromi-
um content than would be possible for
the same period in the ferrite region
(Figure 1). The reason for the double
gradient is that the diffusion rate in

A

Youngstown U Steel

THE YOUNGSTOWN SHEET AND TUBE COMPANY - YOUNGSTOWN, OHIO 44501
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austenite (7 iron) is much slower than
in ferrite (c iron). Initially the base
material is austenitic (¥ iron) until the
chromium concentration is built up to
13% at or near the surface when the
structure transforms to ferrite ( «iron)
and the velocity of diffusion increases.

Figure 2 shows that the structure of
the chromium rich case is columnar. Al-

(Figure 2)

though on etching the coating appears
to have a sharply defined boundary, this
is purely an etching effect. The coating
has a gradual change of composition
with distance and should be distin-
guished from electro-deposits, vapor
coating and others where it is abrupt.
It is this integration of the coating with
the base and the high average chromium
concentration of the case which result
in the remarkable properties of Alpha-
tized steel.

Alphatized steel has a surface chro-
mium concentration greater than 26%,
an average chromium content of 19%
and a case 1.5 mils thick as measured
to a 10-12% chromium concentration.
Thus it has surface properties—appear-
ance and oxidation and corrosion re-
sistance—similar to a chromium stainless
steel, with the forming characteristics
of a low carbon steel sheet. The coating
is ductile, adherent and does not spall
or flake upon severe deformation of the
base.

The process is not limited to chro-
mium deposition. While much addition-
al research will be necessary, the process
can be applied to any system which
forms a gaseous metal halide. This could
extend the process to many systems pro-
viding specialized surface properties for
a wide variety of applications.

This work in extending the versatility
of steel is a small part of the 24-hour-a-
day research at Youngstown. If you be-
lieve Youngstown can help you solve a
steel problem, call at your convenience
or write Department 251A7.



used by Gregor Mendel to demonstrate
how characteristics are inherited).

By using bacteria and bacterial viruses
in such studies one can catalogue the
results of crosses involving millions of
individual organisms and thereby de-
duce the actual distances separating the
sites of mutational changes in a single
gene. The distances are inferred from the
frequency with which parent organisms,
each with at least one mutation in the
same gene, give rise to offspring in which
neither mutation is present. As a result of
the recombination of genetic material
the offspring can inherit a gene that is
assembled from the mutation-free por-
tions of each parental gene. If the muta-
tional markers lie far apart on the paren-
tal genes, recombination will frequently
produce mutation-free progeny. If the
markers are close together, mutation-
free progeny will be rare [see bottom
illustration on next page].

In his elegant studies with the “rII”
region of the chromosome of the bacte-
rial virus designated T4, Seymour Ben-
zer, then at Purdue University, showed
that the number of genetically distin-
guishable mutation sites on the map of
the gene approaches the estimated num-
ber of base pairs in the DNA molecule
corresponding to that gene. (Mutations
involve pairs of bases because the bases
in each of the two entwined strands of
the DNA molecule are paired with and
are complementary to the bases in the
other strand. If a mutation alters one
base in the DNA molecule, its partner is
eventually changed too during DNA rep-
lication.) Benzer also showed that the
only type of genetic map consistent with
his data is a map on which the sites
altered by mutation are arranged linear-
ly. Subsequently A. D. Kaiser and David
Hogness of Stanford University demon-
strated with another bacterial virus that
there is a linear correspondence between
the sites on a genetic map and the altered
regions of a DNA molecule isolated from
the virus. Thus there is direct experimen-
tal evidence indicating that the genetic
map is a valid representation of DNA
structure and that the map can be em-
ployed as a substitute for information
about base sequence.

r[’his, then, provided the basis of our

approach. We would pick a suitable
organism and isolate a large number of
mutant individuals with mutations in
the same gene. From recombination
studies we would make a fine-structure
genetic map relating the sites of the
mutations. In addition we would have to
be able to isolate the protein specified by
that gene and determine its amino acid

sequence. Finally we would have to
analyze the protein produced by each
mutant (assuming a protein were still
produced) in order to find the position of
the amino acid change brought about in
its amino acid sequence by the mutation.
If gene structure and protein structure
were colinear, the positions at which
amino acid changes occur in the protein
should be in the same order as the po-

sitions of the corresponding mutationally
altered sites on the genetic map. Al-
though this approach to the question of
colinearity would require a great deal of
work and much luck, it was logical and
experimentally feasible. Several research
groups besides our own set out to find
a suitable system for a study of this kind.

The essential requirement of a suit-
able system was that a genetically

ALA ALANINE GLY GLYCINE PRO PROLINE

ARG ARGININE HIS  HISTIDINE SER  SERINE

ASN ASPARAGINE ILE ISOLEUCINE THR  THREONINE
ASP ASPARTIC ACID LEU LEUCINE TRP TRYPTOPHAN
CYS CYSTEINE LYS LYSINE TYR TYROSINE
GLN GLUTAMINE MET  METHIONINE VAL VALINE

GLU GLUTAMIC ACID PHE PHENYLALANINE

AMINO ACID ABBREVIATIONS identify the 20 amino acids commonly found in all pro-
teins. Each amino acid is specified by a triplet codon in the DNA molecule (see below).

clle o1t clfr aaa ddr Taa Adc cec
NORMAL DNA I ! ;

cTc cAA eEja TIT GGA ATT TCe 6cC

GCG  GTT CCT AAA CCT TAA AGC CGG
MUTANT 1 DNA

CGC CAA GGA TTT GGA ATT TCG GCC

GAG GTT CIT AAA CCT TAA AGC CGG
MUTANT 2 DNA

CTC 'CAA GAA TTT GGA ATT TC6 GCC

GAG GTT CCT AAA CAT TAA AGC CGG
MUTANT 3 DNA

CTC CAA GGA TTT GTA ATT TCG 6CC

GAG GTT CCT AAA CCT TAA ACC CGG
MUTANT 4 DNA

CTC CAA GGA TIT GGA ATT TGG GCC

1 3 4

GENETIC MAP —_— : -
NORMAL PROTEIN  [LEu| - 6LN -[6LY] - PHE -[GLY] - 1tE - [SER] - ALA
MUTANT 1 PROTEIN ARG - GLN - GLY - PHE - GLY - ILE - SER - ALA
MUTANT 2 PROTEIN LEU - GLN - GLU - PHE - GLY - ILE - SER - ALA
MUTANT 3 PROTEIN LEU - GLN - GLY - PHE - VAL - ILE - SER - ALA
MUTANT 4 PROTEIN  LEU - GLN - GLY - PHE - GLY - ILE - TRP - ALA

GENETIC MUTATIONS can result from the alteration of a single base in a DNA codon.
The letters stand for the four bases: adenine (A), thymine (T), guanine (G) and cytosine
(C). Since the DNA molecule consists of two complementary strands, a base change in one
strand involves a complementary change in the second strand. In the four mutant DNA se-
quences shown here (top) a pair of bases (color) is different from that in the normal se-
quence. By genetic studies one can map the sequence and approximate spacing of the four
mutations (middle). By chemical studies of the proteins produced by the normal and mu-
tant DNA sequences (bottom) one can establish the corresponding amino acid changes.
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—DELETION 2————————f
|&—DELETION 1—3{ |

a «GAAGTCGTGCAGCGTATAGCTGAGCCTGT =

NORMAL DNA I |
'“CTTC|AGCACGTCGCATATCGACTCGGACA---
*GAAGTCG GCAGC]GTATAGCTGAGCCTGT---
'“CTTC|AGC CGTCGCATATCGACTCGGACA-:

DELETION “GAAGTCGTGCAGCGCCTGT *-

MUTANT 1 DNA -“CTTC|AGCACGTCGCGGACA"-

DELETION “GAAGTGT e

MUTANT 2 DNA  «eCT T CA C A ses

b

*GAAGTCG GCAGCGTATAGCTGAGCCTGT-®-
«“CTTCAGC CGTCGCATATCGACTCGGACA-

e e —<—

NORMAL «“GAAGTCGTGCAGCGTATAGCTGAGCCTGT
RECOMBINANT = «.CTTCAGCACGTCGCATATCGACTCGGACA

DELETION ««GAAGTCGTGCAGCGCCTGT -
MUTANT 1 «“CTTCAGCACGTCGCGGACA-
c

*GAAGTCG GCAGCGTATAGCTGAGCCTGT -«
«CTTCAGC CGTCGCATATCGACTCGGACA-

=
“GAAGTCG  GCAGCGTATAGCTGAGCCTGT
«“CTTCAGCCCGTCGCATATCGACTCGGACA

>
DELETION “GAAGTGT:
MUTANT 2 «“CTTCACA-~

“DELETION” MUTANTS provide one approach to making a genetic map. Here (a) normal
DNA and mutant 4 differ by only one base pair (C-G has replaced T-A4) in a certain portion
of the A gene (colored area). In deletion mutant 1 a sequence of 10 base pairs, including
six pairs from the 4 gene, has been spontaneously deleted. In deletion mutant 2, 22 base
pairs, including 15 pairs from the A gene, have been deleted. By crossing mutant 4 with the
two different deletion mutants in separate experiments (b, c), one can tell whether the
mutated site (C-G) in the A gene falls inside or outside the deleted regions. A normal-type
recombinant will appear (b) only if the altered base pair falls outside the deleted region.
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OTHER MAPPING METHODS involve determination of recombination frequency («a, b)
and the distribution of outside markers (c, d). The site of a mutational alteration is indi-
cated by “—,” the corresponding unaltered site by “+-.” If the altered sites are widely spaced
(b), normal recombinants will appear more often than if the altered sites are close together
(a). In the second method the mutants are linked to another gene that is either normal
(K*) or mutated (K~ ). Recombinant strains that contain 1* and 2+ will carry the K—
gene if the correct order is K-2-1. They will carry the K+ gene if the order is K-1-2.
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mappable gene should specify a protein
whose amino acid sequence could be de-
termined. Since no such system was
known we had to gamble on a choice of
our own. F ortunately we were studying
at the time how the bacterium Esche-
richia coli synthesizes the amino acid
tryptophan. Irving Crawford and I ob-
served that the enzyme that catalyzed
the last step in tryptophan synthesis
could be readily separated into two dif-
ferent protein species, or subunits, one
of which could be clearly isolated from
the thousands of other proteins synthe-
sized by E. coli. This protein, called the
tryptophan synthetase A protein, had a
molecular weight indicating that it had
slightly fewer than 300 amino acid units.
Furthermore, we already knew how to
force E. coli to produce comparatively
large amounts of the protein—up to 2
percent of the total cell protein—and we
also had a collection of mutants in which
the activity of the tryptophan synthetase
A protein was lacking. Finally, the bac-
terial strain we were using was one for
which genetic procedures for preparing
fine-structure maps had already been de-
veloped. Thus we could hope to map the
A gene that presumably controlled the
structure of the A protein.

To accomplish the mapping we need-
ed a set of bacterial mutants with muta-
tional alterations at many different sites
on the A gene. If we could determine
the amino acid change in the A protein
of each of these mutants, and discover
its position in the linear sequence of
amino acids in the protein, we could
test the concept of colinearity. Here
again we were fortunate in the nature
of the complex of subunits represented
by tryptophan synthetase.

The normal complex consists of two
A-protein subunits (the alpha chains)
and one subunit consisting of two beta
chains. Within the bacterial cell the com-
plex acts as an enzyme to catalyze the
reaction of indole-3-glycerol phosphate
and serine to produce tryptophan and
3-phosphoglyceraldehyde [see illustra-
tion on page 82]. If the A protein under-
goes certain kinds of mutations, it is still
able to form a complex with the beta
chains, but the complex loses the ability
to catalyze the reaction. It retains the
ability, however, to catalyze a simpler
reaction when it is tested outside the
cell: it will convert indole and serine to
tryptophan. There are still other kinds
of A-gene mutants that evidently lack
the ability to form an A protein that can
combine with beta chains; thus these
strains are not able to catalyze even the
simpler reaction. The first class of mu-
tants—those that produce an A protein



that is still able to combine with beta
chains and exhibit catalytic activity when
they are tested outside the cell-proved
to be the most important for our study.
A fine-structure map of the A gene
was constructed on the basis of genetic
crosses performed by the process called
transduction. This employs a particular
bacterial virus known as transducing
phage Plkc. When this virus multiplies
in a bacterium, it occasionally incorpo-
rates a segment of the bacterial DNA
within its own coat of protein. When
the virus progeny infect other bacteria,
genetic material of the donor bac-
teria is introduced into some of the
recipient cells. A fraction of the recip-

ients survive the infection. In these sur-
vivors segments of the bacterium’s own
genetic material pair with like segments
of the “foreign” genetic material and
recombination between the two takes
place. As a result the offspring of an in-
fected bacterium can contain character-
istics inherited from its remote parent as
well as from its immediate one.

In order to establish the order of
mutationally altered sites in the A gene
we have relied partly on a set of mutant
bacteria in which one end of a deleted
segment of DNA lies within the A gene.
In each of these “deletion” mutants a
segment of the genetic material of the
bacterium was deleted spontaneously.

Thus each deletion mutant in the set re-
tains a different segment of the A gene.
This set of mutants can now be crossed
with any other mutant in which the A
gene is altered at only a single site. Re-
combination can give rise to a normal
gene only if the altered site does not fall
within the region of the A gene that is
missing in the deletion mutant [see top
illustration on opposite page]. By cross-
ing many A-protein mutants with the set
of deletion mutants one can establish the
linear order of many of the mutated sites
in the A gene. The ordering is limited
only by the number of deletion mutants
at one’s disposal.

A second method, which more closely
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MAP OF A GENE shows the location of mutationally altered sites,
drawn to scale, as determined by the three genetic-mapping meth-
ods illustrated on the opposite page. The total length of the 4 gene
is slightly over four map units (probably 4.2). Below map are six

deletion mutants that made it possible to assign each of the 12 4-
gene mutants to one of six regions within the gene. The more sensi-
tive mapping methods were employed to establish the order of mu-
tations and the distance between mutation sites within each region.

X

~ 42— =

*

TYR LEUTHR  GLY GLY GLY GLY GLY SER

COLINEARITY OF GENE AND PROTEIN can be inferred by
comparing the A-gene map (top) with the various amino acid

changes in the A4 protein (bottom), both drawn to scale. The amino
acid changes associated with 10 of the 12 mutations are also shown,
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MET - GLN - ARG - TYR- GLU - SER - LEU - PHE - ALA - GLN - LEU - LYS - GLU - ARG - LYS - GLU - GLY - ALA - PHE - VAL -

20

PRO - PHE - VAL - THR - LEU - GLY - ASP - PRO - GLY - ILE - GLU - GLN - SER - LEU - LYS - ILE - ASP - THR - LEU - ILE -

1

VAL

GLU - ALA - GLY - ALA - ASP - ALA - LEU -[GLUJ}- LEU - GLY -
v

40

ILE - PRO - PHE - SER- ASP - PRO - LEU - ALA - ASP - GLY -

60

PRO - THR - ILE - GLN - ASN - ALA - THR - LEU - ARG - ALA - PHE - ALA - ALA - GLY - VAL-THR-PRO - ALA - GLN-CYS -

61

80

PHE - GLU - MET - LEU - ALA - LEU - ILE - ARG - GLN - LYS - HIS - PRO - THR - ILE - PRO - ILE - GLY - LEU - LEU - MET -

71

100

TYR - ALA - ASN - LEU - VAL - PHE - ASN - LYS - GLY - ILE- ASP - GLU - PHE-TYR - ALA - GLN - CYS - GLU - LYS - VAL -

101
)1

120

GLY - VAL - ASP - SER - VAL - LEU - VAL - ALA - ASP - VAL -PRO - VAL - GLN - GLU - SER - ALA - PRO - PHE - ARG - GLN -

140

ALA - ALA - LEU- ARG - HIS - ASN - VAL - ALA-PRO - ILE- PHE - ILE- CYS- PRO - PRO - ASP - ALA - ASP - ASP - ASP -

141

16

160

| |
3y H

LEU - LEU - ARG - GLN - ILE - ALA - SER - TYR - GLY - ARG - GLY - TYR - THR -[TYR]- LEU -[LEU| - SER - ARG - ALA - GLY -
v v

180

CYS ARG

VAL -[THR]- GLY - ALA - GLU - ASN - ARG - ALA - ALA - LEU - PRO - LEU - ASN - HIS - LEU - VAL - ALA - LYS - LEU - LYS -

1 \Z
31
ILE

\

201

GLU - TYR- ASN - ALA - ALA - PRO - PRO - LEU - GLN —‘;G;EYE-

200
[

PHE -[GLY]- ILE - SER- ALA - PRO - ASP - GLN - VAL - LYS -
v

220

ARG GLU VAL

ALA - ALA - ILE - ASP - ALA - GLY - ALA - ALA - GLY - ALA - ILE - SER -[GLY]-[SER]- ALA - ILE - VAL - LYS - ILE - ILE -
- ¥ N N

N f
=15 [~

|

B

o
CYS ASP LEU 240

GLU - GLN - HIS - ASN - ILE - GLU - PRO - GLU - LYS - MET - LEU - ALA - ALA - LEU - LYS - VAL - PHE - VAL - GLN - PRO -

241
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261 267

AMINO ACID SEQUENCE OF 4 PROTEIN is shown side by side
with a ribbon representing the DNA of the A4 gene. It can be seen
that 10 different mutations in the gene produced alterations in the
amino acids at only eight different places in the A4 protein. The ex-
planation is that at two of them, 210 and 233, there were a total
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of four alterations. Thus at No. 210 the mutation designated A23
changed glycine to arginine, whereas mutation A46 changed glycine
to glutamic acid. At No. 233 glycine was changed to cysteine by one
mutation (A78) and to aspartic acid by another mutation (A58). On
the genetic map A23 and A46, like A78 and A58, are very close.
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resembles traditional genetic procedures,
relies on recombination frequencies to
establish the order of the mutationally
altered sites in the A gene with re-
spect to one another. By this method one
can assign relative distances—map dis-
tances—to the regions between altered
sites. The method is often of little use,
however, when the distances are very
close.

In such cases we have used a third
method that involves a mutationally al-
tered gene, or genetic marker, close to
the A gene. This marker produces a rec-
ognizable genetic trait unrelated to the
A protein. What this does, in effect, is
provide a reading direction so that one
can tell whether two closely spaced mu-
tants, say No. 58 and No. 78, lie in the
order 58-78, reading from the left on
the map, or vice versa [see bottom illus-
tration on page 88].

With these procedures we were able
to construct a genetic map relating the
altered sites in a group of mutants re-
sponsible for altered A proteins that
could themselves be isolated for study.
Some of the sites were very close to-
gether, whereas others were far apart
[see upper illustration on page 89]. The
next step was to determine the nature of
the amino acid changes in each of the
mutationally altered proteins.

[t was expected that each mutant of the

A protein would have a localized
change, probably involving only one
amino acid. Before we could hope to
identify such a specific change we would
have to know the sequence of amino
acids in the unmutated A protein. This
was determined by John R. Guest, Ga-
briel R. Drapeau, Bruce C. Carlton and
me, by means of a well-established pro-
cedure. The procedure involves break-
ing the protein molecule into many short
fragments by digesting it with a suitable
enzyme. Since any particular protein
rarely has repeating sequences of amino
acids, each digested fragment is likely
to be unique. Moreover, the fragments
are short enough—typically between two
and two dozen amino acids in length—
so that careful further treatments can
release one amino acid at a time for
analysis. In this way one can identify all
the amino acids in all the fragments, but
the sequential order of the fragments
is still unknown. This can be established
by digesting the complete protein mole-
cule with a different enzyme that cleaves
it into a uniquely different set of frag-
ments. These are again analyzed in de-
tail. With two fully analyzed sets of
fragments in hand, it is not difficult to
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INDEPENDENT EVIDENCE FOR COLINEARITY of gene and protein structure has been
obtained from studies of the protein that forms the head of the bacterial virus T4D. Sydney
Brenner and his co-workers at the University of Cambridge have found that mutations in the
gene for the head protein alter the length of head-protein fragments. In the table “+4” indi-
cates that a given segment of the head protein is produced by a particular mutant; “—” indi-
cates that the segment is not produced. When the genetic map was plotted, it was found that

the farther to the right a mutation appears, the longer the fragment of head protein.

find short sequences of amino acids that
are grouped together in the fragment of
one set but that are divided between two
fragments in the other. This provides the
clue for putting the two sets of fragments
in order. In this way we ultimately de-
termined the identity and location of
each of the 267 amino acids in the un-
mutated A protein of tryptophan syn-
thetase.

Simultaneously my colleagues and I
were examining the mutants of the A
protein to identify the specific sites of
mutational changes. For this work we
used a procedure first developed by
Vernon M. Ingram, now at the Massa-
chusetts Institute of Technology, in his
studies of naturally occurring abnormal
forms of human hemoglobin. This pro-
cedure also uses an enzyme (trypsin) to
break the protein chain into peptides, or
polypeptide fragments. If the peptides
are placed on filter paper wetted with
certain solvents, they will migrate across

© 1967 SCIENTIFIC AMERICAN, INC

the paper at different rates; if an electric
potential is applied across the paper, the
peptides will be dispersed even more,
depending on whether they are nega-
tively charged, positively charged or un-
charged under controlled conditions of
acidity. The former separation process
is chromatography; the latter, electro-
phoresis. When they are employed in
combination, they produce a unique
“fingerprint” for each set of peptides ob-
tained by digesting the A protein from
a particular mutant bacterium. The posi-
tions of the peptides are located by
spraying the filter paper with a solution
of ninhydrin and heating it for a few
minutes at about 70 degrees centigrade.
Each peptide reacts to yield a charac-
teristic shade of yellow, gray or blue.
When the fingerprints of mutationally
altered A proteins were compared with
the fingerprint of the unmutated pro-
tein, they were found to be remarkably
similar. In each case, however, there was

9l



a difference. The mutant fingerprint usu-
ally lacked one peptide spot that appears
in the nonmutant fingerprint and ex-
hibited a spot that the nonmutant finger-
print lacks. The two peptides would
presumably be related to each other with
the exception of the change resulting
from the mutational event. One can iso-
late each of the peptides and compare
their amino acid composition. Guest,
Drapeau, Carlton and I, together with
D. R. Helinski and U. Henning, identi-
fied the amino acid substitutions in

each of a variety of altered A proteins.

The final step was to compare the
locations of these changes in the A pro-
tein with the genetic map of the muta-
tionally altered sites. There could be no
doubt that the amino acid sequence of
the A protein and the map of the A gene
are in fact colinear [see lower illustration
on page 89].

One can also see that the distances be-
tween mutational sites on the map of the
A gene correspond quite closely to the
distances separating the corresponding

amino acid changes in the A protein. In
two instances two separate mutational
changes, so close as to be almost at the
same point on the genetic map, led to
changes of the same amino acid in the
unmutated protein. This is to be ex-
pected if a codon of three bases in DNA
is required to specify a single amino
acid in a protein. Evidently the most
closely spaced mutational sites in our
genetic map represent alterations in two
bases within a single codon.

Thus our studies have shown that each

«ATG-CAA-CGT-TAT-GAA-CTG-AGC-TTT-GCA-TCG-TAC-GCC-ACT-GTT-TCT-ATT -GCA--

DNA

«TAC-GTT-GCA-ATA-CTT-GAC-TCG-AAA-CGT- AGC- ATG-CGG-TGA-CAA-AGA-TAA -CGTe-

MESSENGER

«AUG-CAA-CGU-UAU-GAA-CUG-AGC-UUU-GCA-UCG-UAC-GCC-ACU--

RNA

GROWING POLY-
PEPTIDE CHAIN

SCHEME OF PROTEIN SYNTHESIS, according to the current
view, involves the following steps. Genetic information is tran-
scribed from double-strand DNA into single-strand messenger ribo-
nucleic acid (RNA), which becomes associated with a ribosome.
Amino acids are delivered to the ribosome by molecules of transfer
RNA, which embody codons complementary to the codons in mes-
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senger RNA. The next to the last molecule of transfer RNA to ar-
rive (color) holds the growing polypeptide chain while the arriving
molecule of transfer RNA (black) delivers the amino acid that is to
be added to the chain next (serine in this example). The completed
polypeptide chain, either alone or in association with other chains,
is the protein whose specification was originally embodied in DNA.



At Martin Marietta,
you might be cooling the hot one

Last November, the X-15-2 hit 4,250
mph, a new record for manned
atmospheric flight.

To measure the effects of searing
surface heats, NASA tested a re-
markable, new ablator developed by
Martin Marietta. A sprayable, sili-
cone-based material that goes on

Martin Marietta is an equal opportunity employer.

like paint, it dispels heat through in-
sulation and re-radiation.

X-15's goal of 5,000-plus mph is
in sight . . . when surface tempera-
tures may exceed 2,000°F.

Materials development is one of
the many facets of space explora-
tion. Martin Marietta is in all of them.
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WEe’'ll be happy to tell you about
some uncommon research and engi-
neering opportunities. Write George
F. Metcalf, Vice President-Profes-
sional & Management Relations,
Martin Marietta Corporation, Aero-
space Group, Friendship Inter-
national Airport, Maryland 21240.

MARTIN MARIETTA
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PROBABLE CODONS IN MESSENGER RNA that determines the
sequence of amino acids in the 4 protein are shown for 81 of the
protein’s 267 amino acid units. The region includes seven of the
eight mutationally altered positions (colored boxes) in the A pro-
tein. The codons were selected from those assigned to the amino
acids by Marshall Nirenberg and his associates at the National In-

unique sequence of bases in DNA-—a
sequence constituting a gene—is ulti-
mately translated into a corresponding
unique linear sequence of amino acids—
a sequence constituting a polypeptide
chain. Such chains, either by themselves
or in conjunction with other chains, fold
into the three-dimensional structures we
recognize as protein molecules. In the
great majority of cases these proteins act
as biological catalysts and are therefore
classed as enzymes.

The colinear relation between a ge-
netic map and the corresponding protein
has also been convincingly demonstrated
by Sydney Brenner and his co-workers
at the University of Cambridge. The
protein they studied was not an enzyme
but a protein that forms the head of the
bacterial virus T4. One class of mutants
of this virus produces fragments of the
head protein that are related to one
another in a curious way: much of their
amino acid sequence appears to be
identical, but the fragments are of var-
ious lengths. Brenner and his group
found that when the chemically similar
regions in fragments produced by many
mutants were matched, the fragments
could be arranged in order of increasing
length. When they made a genetic map
of the mutants that produced these frag-
ments, they found that the mutationally
altered sites on the genetic map were in
the same order as the termination points
in the protein fragments. Thus the length
of the fragment of the head protein pro-
duced by a mutant increased as the site
of mutation was displaced farther from
one end of the genetic map [see illus-
tration on page 91].
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The details of how the living cell
translates information coded in gene
structure into protein structure are now
reasonably well known. The base se-
quence of one strand of DNA is tran-
scribed into a single-strand molecule
of messenger ribonucleic acid (RNA),
in which each base is complementary
to one in DNA. Each strand of messen-
ger RNA corresponds to relatively few
genes; hence there are a great many dif-
ferent messenger molecules in each cell.
These messengers become associated
with the small cellular bodies called ribo-
somes, which are the actual site of pro-
tein synthesis [see illustration on page
92]. In the ribosome the bases on the
messenger RNA are read in groups of
three and translated into the appropri-
ate amino acid, which is attached to the
growing polypeptide chain. The messen-
ger also contains in code a precise start-
ing point and stopping point for each

polypeptide.

From the studies of Marshall Nirenberg

and his colleagues at the National
Institutes of Health and of H. Gobind
Khorana and his group at the University
of Wisconsin the RNA codons corre-
sponding to each of the amino acids are
known. By using their genetic code dic-
tionary we can indicate approximately
two-thirds of the bases in the messenger
RNA that specifies the structure of the A-
protein molecule. The remaining third
cannot be filled in because synonyms in
the code make it impossible, in most
cases, to know which of two or more
bases is the actual base in the third po-
sition of a given codon [see illustration

© 1967 SCIENTIFIC AMERICAN, INC

250

stitutes of Health and by H. Gobind Khorana and his associates at
the University of Wisconsin. Codons for the remaining 186 amino
acids in the 4 protein can be supplied similarly. In most cases the
last base in the codon cannot be specified because there are usually
several synonymous codons for each amino acid. With a few excep-
tions the synonyms differ from each other only in the third position.

above]. This ambiguity is removed,
however, in two cases where the amino
acid change directed by a mutation nar-
rows down the assignment of probable
codons. Thus at amino acid position 48
in the A-protein molecule, where a muta-
tion changes the amino acid glutamic
acid to valine, one can deduce from the
many known changes at this position that
of the two possible codons for glutamic
acid, GAA and GAG, GAG is the correct
one. In other words, GAG (specifying
glutamic acid) is changed to GUG (spec-
ifying valine). The other position for
which the codon assignment can be
made definite in this way is No. 210.
This position is affected by two different
mutations: the amino acid glycine is re-
placed by arginine in one case and by
glutamic acid in the other. Here one can
infer from the observed amino acid
changes that of the four possible codons
for glycine, only one—GGA—can yield
by a single base change either arginine
(AGA) or glutamic acid (GAA).

Knowledge of the bases in the messen-
ger RNA for the A protein can be trans-
lated, of course, into knowledge of the
base pairs in the A gene, since each base
pair in DNA corresponds to one of the
bases in the RNA messenger. When the
ambiguity in the third position of most
of the codons is resolved, and when we
can distinguish between two quite dif-
ferent sets of codons for arginine, leu-
cine and serine, we shall be able to write
down the complete base sequence of the
A gene—the base sequence that specifies
the sequence of the 267 amino acids in
the A protein of the enzyme tryptophan
synthetase.



f you come to us
or analysis,

Wwe'll still listen to your problems,
though. And probably help solve
them if you'll let us.

That’s because The Service
Bureau Corporation has a nation-
wide complex of IBM computers
ready to go to work on all kinds
of problems. And we have men

A .:J. i
& A &f\“

a couch.

who understand many scientific
specialties and know how to
communicate problems to our
computers.

Besides a variety of stress anal-
ysis techniques, we have many
others to solve your problems.
These include such things as oper-
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ations research, systems develop-
ment, simulation and reliability.

If you'd like to share your prob-
lems with someone, just write to
us. The Service Bureau Corpora-
tion, Computing Sciences Divi-
sion, 1350 Ave. of the Americas,
Dept.650-5,New York,N.Y.10019.

@ The Service Bureau Corporation
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VISION AND TOUCH

It has been held that human beings must learn how to see, and that

they are taught by the sense of touch. New experiments demonstrate,

however, that vision completely dominates touch and even shapes it

visual perception is not simply a
A copy of the image on the retina.

The image has two dimensions,
the perceived object three. The image
is upside down, but the object is seen
right-side up. An image of a given size
can be projected on the retina either
from a small object that is nearby or
from a large object that is distant, and
yet one usually perceives the actual
size of the object quite accurately. The
image is received by millions of separate
light-sensitive cells in the retina, but
one sees a unified object with a definite
shape.

The striking differences between the
retinal image and perception have led
many philosophers and psychologists to
assume that one must learn how to see.
If the retinal image supplies only dis-
torted and incomplete information, one
must at first make use of some other
source of information about the proper-
ties of objects. The most likely source has
been considered the sense of touch. In
the 18th century the philosopher George
Berkeley proposed that an infant dis-
covers by touching an object that it is
a distinct, three-dimensional body of a
certain size and shape in a certain loca-
tion and orientation. Thus touch pre-
sumably educates vision, adding mean-
ing to the initially meaningless jumble
of retinal images.

We have investigated this assump-
tion and have concluded on the basis of
several experiments that it is wrong. The
sense of touch does not educate vision;
vision is totally dominant over touch.
As an example, one of our experiments
shows that if a subject looks at his hand
through a prism, so that the hand ap-
pears to be several inches to the right
of where it really is, he soon comes to
believe the hand is where it appears to
be, in spite of nerve messages to the
contrary that must be traveling from

96

by Irvin Rock and Charles S. Harris

the hand to his brain. Indeed, one can
now turn the traditional argument
around and suggest that vision shapes
the sense of touch.

We should emphasize that in refer-
ring to the sense of touch we mean more
than the sensations of contact with the
skin that one experiences when touching
an object. Touch includes several other
components, of which the one most sig-
nificant for this discussion is the position
sense: the sense that enables us to know
the position of our body parts when our
eyes are closed. It is touch in this broad
definition that has been so widely be-
lieved to educate vision.

The arguments for the belief rest not
only on the recognition of the differ-
ences between a retinal image and a
visual perception but also on observable
evidence. For instance, people who gain
sight after having been blind since
birth seem at first to have trouble see-
ing correctly. The phenomenon has
been interpreted as suggesting that they
must learn to see on the basis of infor-
mation from touch.

Similar implications have been drawn
from experiments by a number of psy-
chologists. A classic experiment was
conducted in 1895 by George M. Strat-
ton of the University of California. He
spent several days wearing lenses that
turned everything upside down. Ivo
Kohler of the University of Innsbruck
has conducted similar experiments and
has also used prisms that reverse right
and left. Experiments with prisms that
displace the retinal image to one side
were carried out in the 19th century
by Hermann von Helmholtz and recent-
ly by Richard Held of the Massachusetts
Institute of Technology [see “Plasticity
in Sensory-Motor Systems,” by Richard
Held; ScientiFic AMERICAN, Novem-
ber, 1965].

In these studies the subject at first saw
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the world upside down, reversed or dis-
placed, and he acted accordingly. He
tried to duck under objects he should
have climbed over, he made wrong
turns, he missed when he reached for
things. After a while, however, he adapt-
ed: he behaved normally again, reacting
appropriately in spite of the abnormal
retinal image.

Such adaptations create the impres-
sion that they involve radical adjust-
ments in vision so that the subject again
sees the world as normal. Indeed, the
adaptations would not be surprising if
visual perception is derived from touch.
If an infant must learn how to see, an
adult could be expected to relearn how
to see when his sense of touch tells him
that his eyes are deceiving him.

Et us now, however, consider some

arguments against the proposition
that visual perception is based on touch.
In the first place, the same reasoning
that seems to rule out innate visual per-
ception also argues against any innate
sense of touch on which to build visual
perception. Why should one assume that
the separate tactile and position com-
ponents of touch are innately organized
into an impression of a solid object with
a particular shape? Second, the sense of
touch seems far too imprecise to be the
source of the accurate perception of
form and space that is achieved through
vision.

Third, a considerable body of recent
evidence suggests that vision is well de-
veloped at birth or very soon thereafter.
Eleanor J. Gibson of Cornell University
and Richard D. Walk of George Wash-
ington University found, for example,
that babies, kittens and other infant ani-
mals have good depth perception be-
fore they have had any opportunity to
learn it in any way [see “The ‘Visual
Cliff,;” by Eleanor J. Gibson and Rich-



ard D. Walk; ScieNTIFIC AMERICAN,
April, 1960]. T. G. R. Bower of Harvard
University found that human infants see
the size and shape of things in the same
way adults do [see “The Visual World of
Infants,” by T. G. R. Bower; SCIENTIFIC
AmMERICAN, December, 1966].

A fourth argument is provided by our
own experiments. Even though we have
worked separately and have used some-
what different techniques, we have both
arrived at essentially the same conclu-
sion, namely that when vision and touch
provide contradictory information, per-
ception is dominated by the information
from vision. (Similar experiments by
Charles R. Hamilton at the California
Institute of Technology and by Julian
Hochberg, John C. Hay and Herbert
Pick, Jr., at Cornell have led them to
similar conclusions.)

One of us (Rock) has been investigat-
ing perception of size and shape in col-
laboration with Jack Victor, a graduate
student at Yeshiva University. By using
a lens that reduces the size of an ob-
ject’s retinal image we can present a
subject with contradictory information
from vision and from touch [see illustra-
tion at right]. If he grasps an object while
viewing it through the reducing lens,
vision should tell him the object is a cer-
tain size and touch should tell him it is
much larger.

We wanted to find out what the sub-
ject would experience under these con-
ditions. Would he be aware that he was
seeing an object of one size and feeling
an object of another size? Or would he
somehow reconcile the conflicting sen-
sory information to achieve a unified per-
ception or impression? If the latter were
the case, which sense would have the
most influence—vision or touch?

We considered it essential that the
subject remain ignorant of the actu-
al situation, otherwise the experiment
might be reduced to a conscious de-
cision about which sense to rely on. Be-
cause the subject would know that vision
can be optically distorted but touch can-
not, he would undoubtedly judge the
size of the object in terms of what he felt.
Accordingly we did not tell the subject
that he was looking through a reducing
lens. Moreover, we arranged matters so
that he saw nothing through the lens
except a one-inch white square made of
hard plastic.

The subject grasped the square from
below through a cloth so that he could
not see his own hand; if he could have
seen it, he might have deduced that he
was looking through a reducing lens,
since he would be familiar with the
visual size of his hand. To be certain

that the subject would not make mea-
surements, such as laying oft the side of
the square against his finger, we did not
ask him anything until after he had been
exposed to the conflicting information for
five seconds. Each subject was exposed
to such a situation only once.

In assessing the subject’s perception
we could not ask him what was the size
of the object he saw or what was the
size of the object he felt; either question
would prejudice the outcome. Instead
we asked him to give his impression of
the size of the square. We measured the
impression in several ways [see illustra-
tion on page 99]. Some subjects were
asked to draw the size of the square as
accurately as they could; drawing in-
volves both vision and touch. We asked
others to pick out a matching square
from a series of squares presented only
visually. Still others were asked to choose
a matching square from a series of
squares that could be grasped but not
seen.

The results of all the tests were clear.
Most of the subjects were not even aware
that they were receiving conflicting sen-
sory information. This in itself is a most
interesting fact. The subjects had a defi-
nite unitary experience of the size of the

square, and the experience agreed close-
ly with the illusory visual appearance of
the square. The average size drawn or
matched was about the same when the
square was both seen and felt as when,
in a control experiment, it was only seen.
That size was consistently smaller than
the size in another control experiment in
which the square was only touched. Thus
touch had almost no effect on the per-
ceived size.

We then performed an experiment
on the perception of shape. For this
test we used a cylindrical optical device
that made things seem narrower, so that
a square looked like a rectangle with
sides in the proportion of two to one.
What would happen when the subject
simultaneously saw and touched an ob-
ject that looked like a rectangle but felt
like a square?

The result was again quite clear. Vi-
sion was completely dominant. In fact,
it was so dominant that most subjects
said the square actually felt the way it
looked. If subjects closed their eyes while
grasping the object, they often thought
they felt it changing its shape from a
rectangle to a square.

A similar domination of touch by vi-
sion has been found by Hay, Pick and

EXPERIMENTAL ARRANGEMENT used to test the effect of a reducing lens on a subject’s
impression of size included the lens, a cloth over the subject’s hand so that he would not de-
duce from the small appearance of his hand that he was looking through a reducing lens, and
a square made of hard plastic. In this test he looked at square and simultaneously grasped it.
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OPTICAL DEVICES were used in experiments to determine (top) made an object look half its actual size; a prism (bottom)

whether vision or touch would have the stronger effect on a subject reversed left and right. When subjects looked through such a lens
to whomthey wereproviding conflicting information. A reducing lens or prism and also used touch, they received conflicting sensory data.
98
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Karren Ikeda, working at Smith College.
They had each subject rest one hand on
a table and look at it through wedge
prisms that displaced its visual image to
one side. When the subject was asked to
reach under the table and make a mark
directly below the forefinger of his up-
per hand, a task he could perform quite
accurately when blindfolded, he marked
a location about as far from the finger’s
actual location as the prism-displaced
image. Subjects did the same even when
they were urged to rely entirely on
where. they felt the fingertip to be and
to ignore its visual appearance. The in-
vestigators used for this effect of vision
on touch the vivid term “visual capture.”

Visual capture had also been observed
30 years earlier by James ]. Gibson (then
also at Smith but now at Cornell). He
noted that when subjects ran their hand
along a straight rod while looking
through prisms that made the rod look
curved, the rod felt curved. Torsten
Nielsen of the University of Copenhagen
recently demonstrated a similar form of
visual capture without using any prisms.
His subjects inserted one arm into a box
and ran a pencil along a straight line
while looking through a peephole. What
they actually saw, however, was not their
own hand but the experimenter’s, reflect-
ed in a mirror so that it appeared to be
in the same location as theirs. At first
both the subject and the experimenter
moved their hand back and forth along
the line in time to a metronome. Then
the experimenter started veering off the
line. Strangely enough, few of Nielsen’s
subjects realized even then that the hand
was not their own. They felt that their
own hand was uncontrollably moving in
a curve in spite of their efforts to stay on
the line.

1l these experiments show that when
vision and touch provide conflicting
information, the visual information dom-
inates. Still, this is an immediate effect.
Those who believe vision is originally
educated by touch are thinking about
the long-term result of continuous ex-
perience with the two senses. Perhaps,
therefore, the experiments we have de-
scribed are not crucial to the argument.
A more pertinent question is: What hap—
pens after a period of exposure that is
long enough to allow a genuine change
in perception to take place?

In the experiments we have cited it
could be that vision suppresses touch
only temporarily, with the result that as
soon as a person closes his eyes his touch
perceptions return to normal. It could
even be that although vision is at first

dominant, it eventually changes to
match touch. On the other hand, the
converse could be true: with sufficient
exposure the sense of touch may be al-
tered so that misperceptions by touch
persist even after vision is blocked. With
this issue in mind, we shall now consider

experiments in which changes in percep-
tion might be expected to occur because
the exposure to the conflict is continued
over a period of time.

Experiments by Helmholtz, Held and
others using goggles fitted with side-
ways-displacing prisms do demonstrate

VARIETY OF TESTS determined what size a subject perceived a square to be when he was
receiving conflicting data from vision and touch. In control tests he looked at the square
without touching it (top left) and touched it without seeing it (top right). Then he matched
it against squares shown only visually (center), matched it by touch alone (bottom left) and
drew it (bottom right). In the tests the illusory visual size of the square predominated.
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that appropriate exposure to a conflict
between vision and touch produces af-
tereffects. When an observer first puts on
the prisms and tries to point rapidly at
an object, he misses. After several min-
utes of looking at his moving hand
through the prisms, however, he points
much more accurately even though his
retinal images are still displaced. This
adaptation is evident even if the sub-
ject’s view of his hand is blocked during
the pointing tests, thus preventing him
from steering his seen hand to the seen
target.

What does this adaptation show? It
could be that the subject’s visual percep-
tion has changed. He may be pointing
more accurately because he is now see-
ing the object’s location more accurate-

555G

DISPLACED VISION was tested with this apparatus. First (left)
the subject pointed at lettered rods without being able to see his
hand ; this pretest determined his normal responses. Then (center)
he wore prism goggles that displaced his vision about four inches
to one side, in this case to the right; while wearing them he was
asked to point repeatedly at the center target with one hand. He us-
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ly in spite of the displaced retinal im-
age. If so, it could be contended that
touch, which remained correct, had edu-
cated vision.

Conversely, it could just as well be
that the subject is still seeing the object
as displaced but now mistakenly feels
that his hand is displaced when it is
actually pointing straight ahead. This
would mean that the adaptive change
is in the sense of touch, specifically the
sense of where one part of the body is
with respect to the rest—the position
sense. With continued exposure to the
prisms the sensation of where the hand
is may more closely approximate its ob-
served location. The subject’s misper-
ception of his hand would compensate
for his visual misperception of the ob-
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object through the lens; in some (center) he only felt the object,
and in others (right) he simultaneously saw an object and felt it.

ject, enabling him to point fairly accu-
rately.

To find out which explanation of the

adaptation to sideways displacement
is correct, one of us (Harris) carried out
a series of experiments (some in collabo-
ration with his wife, Judith R. Harris).
The apparatus we used consisted of a
glass surface that was just below the eye
level of a seated subject and had as tar-
gets a row of lettered rods standing up-
right on the glass [see illustration be-
low]. The experiments had three parts:
pretest, adaptation and retest. In the
pretest a black cloth was thrown over
the glass surface so that the subject
could see the targets but not his hand
below the glass, and he was asked to

ually missed at first because of the goggles. Finally (right) with the
goggles off he was asked to point at various targets. Subjects typical-
ly showed an adaptation, or shift in pointing, with the hand used
while wearing goggles but little or none with the other hand. Ex-
periment suggested that his sense of the position of the adapted
arm had changed. Biting device kept the subject’s head steady.



point at various rods from below the
glass. The pretest determined the sub-
ject’s normal responses to the tests he
would be given after adapting.

During adaptation the subject wore
prism goggles for three minutes. The
prisms shifted his visual field 11 degrees
to the right or the left; the shift amount-
ed to about four inches at arm’s length.
The subject’s task was to point repeated-
ly with one hand at the center target.
The cloth was removed during this
phase so that the subject could see his
hand through the glass. At first, because
of the prisms, he tended to miss the tar-
get, but he quickly became more accu-
rate.

For the retest we needed more than
one kind of measurement in order to de-
cide between the alternative explanations
for the adaptive change in pointing by
the subjects. The tests we chose were (1)
pointing at visual targets seen without
prisms, (2) pointing in the direction of
sounds and (3) pointing in whatever di-
rection the subject thought was straight
ahead. During the nonvisual tests, of
course, the subject kept his eyes closed.

We found that the subjects showed a
large shift in pointing with the adapted
hand on all three retests [see bottom il-
lustration at right]. In contrast, there
was little or no adaptive shift when a
subject pointed with his unadapted hand
—the one he had not seen through
prisms. Each of these results has been
obtained in at least one other laboratory,
although there are still some unanswered
questions about the effects of changing
certain details of the experimental pro-
cedure.

rljhis pattern of results is consistent

with the conclusion that the adapta-
tion involved a change in the position
sense of the adapted arm. If the adapted
subject feels that he is pointing straight
ahead when he is actually pointing about
five degrees to one side, he will make the
same error no matter what he is pointing
at: a visual object, a sound source or the
straight-ahead direction. With his un-
adapted hand, however, he will show no
error in pointing.

The findings clearly rule out the possi-
bility that the adaptation is a change in
visual perception. First, if the subject
had learned to perceive the visual target
in a new location, he should point at
that new place with either hand. What
actually happened was that when our
subjects were asked to point at a target,
they pointed in one direction with one
hand and in a different direction with
the other. Second, if adaptation were
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RESULTS OF TESTS with displacing prisms are charted before and after adaptation. “Ob-
ject” column shows actual location of a target viewed by the subject; “image” column, how
prisms displaced the target; “response,” how the subject pointed. His impression of where
the object was and where he was pointing is in last column. Experiment sought to find if
pointing change after adaptation arose because he saw target differently (gray) or because
he felt the position of his arm differently (color). Results showed that it was the latter.
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SHIFT IN RESPONSE was made by eight subjects after they had pointed at an object with
one hand while wearing prisms that displaced vision to the side. Their shifts in subsequent
pointing without prisms are shown for adapted hand (color) and unadapted hand (gray).
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PROLONGED EXPOSURE to conflicting data from vision and touch was achieved with this
apparatus. The revolving wheel held squares of various sizes. For 30 minutes the subject
looked through the reducing lens while grasping one square after another through a cloth
that prevented him from seeing his hand. Tests were given before and after the 30-minute ex-
posure. Aim of experiment was to find if visual perception or touch perception changed.

MATCHING TESTS given before and after 30-minute exposure to conflicting data included
asking a subject to look at a square in a dark room (top left) and to match it by touch from
a set of squares he could not see (bottom left). He was also asked to feel a square (top
right) and to match it from a set displayed visually (bottom right). Use of reducing lens
made subjects choose by touch a larger square than before as matching the visual standard;
by vision they chose a smaller square than before as matching a square they had touched.
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only a change in visual perception, it
should have no effect on tests performed
with the subject’s eyes closed. Yet we
found large adaptive shifts in pointing
in the direction of a sound or in the
straight-ahead direction—about as large
as in pointing at visual targets. Third,
if the adaptation is a change in visual
perception, it should be revealed by tests
of visual localization in which pointing
is not involved, but no such effect has
been found in that type of experiment.

A fourth potential explanation of ad-
aptation to prisms (and it is a popular
one among psychologists) is that adap-
tation is the learning of new motor
responses: the subject simply learns
to make movements appropriate to the
altered visual stimulus. A person could
correct his movements without any
changes in perception. In fact, it may be
that in some earlier experiments this is
what happened. For example, it is quite
clear that Stratton, who wore lenses that
inverted the retinal image, did gradually
learn to avoid the motor errors he initial-
ly made so often. The improvement does
not, however, in itself demonstrate that
he underwent any perceptual changes,
such as learning to see normally through
the inverting lenses. In our experiments
too it could be that the adaptive shifts in
pointing indicate only changes in motor
response rather than in perception of
where the arm is located.

To find out whether the change is in
the subject’s position sense or just in the
movements he makes, we need a con-
dition in which he judges the location of
his hand without moving it. In one such
test we had the subject estimate the dis-
tance between his hands while he was
blindfolded. He made these judgments
before and after one arm had been
adapted. The adaptation procedure was
the same as in the earlier experiment:
the subject undertook to point repeat-
edly with his right hand at a visual
target seen through prisms. During the
pretest and retest, however, he was
blindfolded and his right hand was
moved by the experimenter to a pre-
determined location on the table in front
of him. The subject was asked to place
his unadapted left hand at a specified
distance from his right hand. The right
hand was then moved by the experi-
menter to a new location and the proc-
ess was repeated.

We knew from the earlier results that
the unadapted left hand had not been
affected by the adaptation procedure,
and during this test the adapted right
hand was given no opportunity to ex-
ecute any new responses it might have



learned. Thus the subjects were forced
to rely on their position sense in judging
how far apart their hands felt. Their
judgments indicated that after their
right hand had been adapted to prisms
that shifted the visual field to the right,
the subjects felt that, at a given physical
distance, their hands were farther apart
than before. After adapting to a visual
shift to the left, they felt that their
hands were closer together. The results
show that the subject’s position sense
had indeed been altered to the point
that he misperceived the location of his
adapted hand with respect to the loca-
tion of his other hand.

rrhe observations with the reducing
lens mentioned earlier at first seem
to contradict this finding. Although vi-
sion was dominant over touch when
both senses were active, in that experi-
ment touch returned to normal as soon
as the subject closed his eyes. Would
the change in touch outlast the conflict
situation if the conflict situation were
continued for a longer time? This ques-
tion was investigated in experiments by
one of us (Rock) in collaboration with
Arien Mack, A. Lewis Hill and Laurence
Adams. Over a 30-minute period the
subject handled squares of various sizes
while looking at them through a reduc-
ing lens [see top illustration on opposite
pagel. A cloth prevented the subject
from seeing his hand during this time.

Two matching tests administered be-
fore and after the 30-minute period
showed that the subject’s perception of
size had changed. In one test we showed
him a standard square that he could see
but not touch and asked him to select
by touch a matching square from a set
he could touch but not see. After the
30-minute period with the reducing lens
subjects typically selected by touch a
larger square than before as matching
the visual standard. When they were
given a standard square to touch with-
out being able to see it, they typically
chose a smaller matching square from a
set that was displayed visually. (In both
tests the squares were coated with lu-
minous paint and presented in the dark
so that there would be no familiar ob-
jects to which a square could be com-
pared.)

Both results demonstrate that after
exposure to the conﬂicting information
the subject matches felt size with seen
size differently than he did before. For
a felt object and a seen object to seem
equal to him the visual object has to be
smaller than before. These results do
not reveal, however, which sense has

changed to yield the new match. Did
the subject pick a smaller seen square
because seen objects now looked larger
or because felt objects now felt smaller?
Although the immediate result of the
conflict between vision and touch is a
dominance of vision, the correct infor-
mation provided by touch may still be
having an effect, even if it does not
enter the consciousness. In that case the
square might look larger after adapta-
tion, perhaps ultimately reaching its
true size. If, on the other hand, the visu-
al size of the square were to serve as the
crucial information and the square were
to come to feel smaller than it is, we
would have an example consistent with
all our other findings.

To determine whether it was vision or
touch that had changed, we used a “re-
membered standard” test. In the test of
visual size we first had the subject prac-
tice looking at a one-inch square and
then matching it visually from immedi-
ate memory. Then, after the 30 minutes

of looking through the reducing lens,
we asked him to select visually a square
the same size as he remembered the
standard square to be. The selection was
again done in the dark with luminous
squares.

If visual size has undergone a change,
the subject chould now (without the re-
ducing lens) select a smaller square as
matching the standard one than he did
before the exposure to the conflict situ-
ation; the smaller square should now
look larger than it is. The result, how-
ever, was that the subject selected a
square that was the same size on the
average as the one he chose before ex-
posure to the conflict situation. In other
words, there was no change in the visual
perception of size.

We used a similar procedure to find
out if touch had changed. Before expo-
sure to the conflict the subject practiced
feeling the standard square and match-
ing it by touch from immediate recollec-
tion. After exposure to the conflict situa-

REVERSING-PRISM EXPERIMENTS called for a subject to doodle (top) while looking
through a prism that reversed right and left. Before exposure to the prisms every subject
wrote numbers and letters as shown at bottom left; after use of the prisms the subjects
often wrote as shown at bottom right. In many cases the subjects thought the letters they
had written backward were normal and letters they had written normally were backward.
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WRITING ABERRATIONS of two subjects
after exposure to reversing prisms are repre-
sented. The letters and numbers they were
asked to write are at left; what they wrote
is at right. In the second sample only the
S is normal; that was the only letter the
subject thought she had written backward.

tion he selected by touch alone a square
that he felt was the same size as the pre-
viously experienced one-inch square. The
great majority of subjects chose a larger
square as matching the standard than
they had before. The larger square now
felt smaller than it was.

hat would happen if there were a

more dramatic conflict between vi-
sion and touch, as in experiments on
inversion or reversal of the retinal im-
age? If a subject looks through reversing
prisms, for example, while moving his
hand from left to right, could he be
misled into feeling it as moving right
to left? An experiment undertaken by
one of us (Harris) and Judith Harris
showed that vision is powerful enough to
accomplish even this radical a misper-
ception.

We had the subject look through a
right-angle prism, which acts like a mir-
ror, reversing the visual field right for
left [see illustration on preceding page].
The prism was attached to a rigid frame.
The subject watched his hand through
the prism, while drawing and doodling,
for 15 minutes a day on four different
days. For reasons that will soon become
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evident, he was not allowed to write or
see any letters or numbers while looking
through the prism.

For most subjects there was no imme-
diate visual capture. When they felt
their hand move in one direction, they
saw it stubbornly going in the opposite
direction. The felt hand and the seen
hand seemed to be separate things.

Within a matter of minutes, however,
visual capture took over. Most subjects
no longer experienced any discrepancy
between how they saw their hands move
and how they felt them move. They no
longer had trouble drawing or doodling
or reaching for locations indicated by
the experimenter.

In order to determine if there was an
aftereffect of this visual capture, we hit
on the following simple procedure. At
the end of each prism period we slid a
metal plate in front of the prism, block-
ing the subject’s view. We then asked
him to quickly write 10 letters and num-
bers as we dictated them. We had pre-
viously told the subjects that the adapta-
tion procedure might make them write
an occasional letter backward and that
they must be sure to tell us whenever
they thought they had done so.

Actually a subject could have two
kinds of misperception. He could believe
a letter was normal when it was really
backward, and he could believe a letter
was backward when it was really nor-
mal. We found that both kinds of mis-
perception occurred; every one of our
eight subjects made at least one such
error. In fact, immediately after looking
through the prism the subjects misper-
ceived fully 30 percent of the letters and
numbers they wrote. (In the pretests
given before the use of the prism, of
course, no subject ever misperceived
what he was writing.) The results, some
of which are shown in the illustration on
this page, are particularly surprising in
view of the fact that writing normal let-
ters and numbers is such a highly prac-
ticed skill.

Our experiments all show, then, that

when a subject’s sense of touch con-
veys information that disagrees with
what he is seeing, the visual information
determines his perception. What hap-
pens during such a conflict to the infor-
mation the sense of touch is providing?
Is it blocked before it reaches the brain,
is it ignored or is it transformed? After
sufficient exposure to an intersensory
disagreement there is a change in the
sense of touch itself. Since the subject
continues to misperceive by touch even
with his eyes closed, he cannot be block-
ing or ignoring the information provided
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by touch. It is therefore a reasonable
guess that the information is not blocked
or ignored when his eyes are open either.
Instead it must be transformed into new
touch perceptions that are consistent
with visual perception.

The further implications of our exper-
iments are less clear, particularly for
situations that are more normal than the
restricted conditions under which our
subjects worked. What kind of adapta-
tion to altered retinal images takes place
when a subject can move about freely
and can see much more of his environ-
ment than our subjects saw? The ex-
perimental data are still fragmentary
enough to allow us to disagree on this
point.

One of us (Rock) believes visual per-
ception can change if a person subjected
to optical distortion has adequate visual
information about the distortion. For
example, the world might look upside
down through reversing prisms, but if
the subject can see his own body—the
image of which would also be inverted—
he realizes that the world is not upside
down in relation to himself. Similarly,
if a seated subject looks at a straight
vertical line through prisms that at first
make it appear curved and he then
stands up, the appearance of the line
will change in a way that would not be
the case if the line were really curved.
Hence he may come to see that the line
is straight. This argument maintains that
a change in visual perception can occur
but acknowledges that information from
touch alone is insufficient to cause such
a change.

The other of us (Harris) thinks all
substantial adaptation to optical distor-
tions probably results from changes in
the sense of the position of the limbs,
the head or the eyes. If a person felt that
his arms and legs were where he saw
them through inverting or reversing
prisms, he would make responses like
those reported by Stratton and Kohler.
If he felt that his eyes were pointing
directly ahead or tracing a straight path
when they were actually pointing some-
what to one side or tracing a curved
path, he would show the kind of adapta-
tion to displacement or curvature that is
found in some other experiments.

Our disagreement does not affect the
basic points demonstrated by our sepa-
rate experiments. Those points are that
there is no convincing evidence for the
time-honored theory that touch edu-
cates vision and that there is strong
evidence for the contrary theory. Fur-
ther experiments along these lines can
be expected to clarify the points that
remain obscure.



SHOULD WE ALSO FLOOD THE
SISTINE CHAPEL SO TOURISTS CAN
GET NEARER THE CEILING?

T T ARTH began four billion years ago and Man two
million. The Age of Technology, on the other hand,
is hardly a hundred years old, and on our time chart
we have been generous to give it even the little line we have.

It seems to us hasty, therefore, during this blip of time, for
Man to think of directing his fascinating new tools toward
altering irrevocably the forces which made him. Nonetheless,
in these few brief years among four billion, wilderness has
all but disappeared. And now these:

1) There are proposals sti Il bef ore Congress to““‘improve” Grand
Canyon. If they succeed, two dams could back up artificial
lakes into 93 miles of canyon gorge. This would benefit tour-
ists in power boats, it is argued, who would enjoy viewing
the canyon wall more closely. (See headline.) Submerged
underneath the tourists would be part of the most reveal-
ing single page of earth’s history. The lakes would be as
deep as 6oo feet (deeper for example, than all but a hand-
ful of New York buildings are high) but in a century,
silting would have replaced the water with that much
mud, wall to wall.

There is no part of the wild Colorado River, the Grand
Canyon’s sculptor, that would not be maimed.

Tourist recreation, as a reason for the dams, is in fact
an afterthought. The Bureau of Reclamation, which has
backed them, calls the dams ““cash registers.” It expects
they’ll make money by sale of commercial power.

They will not provide anyone with water.

2) In Northern Calif ornia, during only the last 115 years, near-
ly all the private virginredwood forests have been cut down.
Where nature’s tallest living things have stood silently
since the age of the dinosaurs, there is, incredibly, argu-
ment against a proposed park at Redwood Creek which
would save a mere 293 of the virgin growth that was once
there. For having cut somuch and taken the restfor granted,
the lumber companies are eager to get on with business.
They see little reason why they should not.

The companies have said tourists want only enough
roadside trees for the snapping of photos. They offered to
spare trees for this purpose, and not much more. The
result would remind you of the places on your face you
missed while you were shaving,

3) And up the Hudson, there are plans for a power complex
—a plant, transmission lines, and a reservoir near and on
Storm King Mountain—efFectively destroying one of the
last wild and high and beautiful spots near New York City.

4) A proposal to flood aregionin Alaskaas large as Lake Erie
would eliminate at once the breeding grounds of more
wildlife than conservationists have preserved in history.

c

AGE OF
TECHNOLOGY ¥

4 FRST MAN
2 MILLION YRS AGO

FIRST ELEPHANTS
60 MILLION YRS. AGO

s

FIRST REOW00DS
130 MILLION YRS. AGO

FIRST MAMMALS
160 MILLION YRS AGO

FIRST DINOSAURS
180 MILLION YRS. AGO

FIRST TREES
250 MILLION YRS AGO

FIRST REPTILES
275 MILLION YRS. AGO

—

FIRST FISHES
400 MILLION YRS AGO

GRAND CANYON
550 MILLION YRS. AGO

FIRST CORALS
575 MILLION YRS AGO

4

FIRST SPONGES
650 MILLION YRS.AGO

5) In San Francisco. real estate interests have for years been
filling a bay that made the city famous, putting tract
houses over the fill; and now there’s a new idea—still
more fill, enough for an air cargo terminal as big as
Manhattan.

There exists today a mentality which can conceive such
destruction, giving commerce as ample reason. For 74 years,
the Sierra Club (now with 48,000 members) has opposed that
mentality. But now, when even Grand Canyon is endangered,
we are at a critical moment in time.

This generation will decide if something untrammelled and
free remains, as testimony we had love for those who follow.

We have been taking ads, therefore, asking people to
write their Congressmen and Senators; Secretary of the In-
terior Stewart Udall; The President; and to send us funds to
continue the battle. Thousands have written, but meanwhile,
Grand Canyon legislation still stands a chance of passage.
More letters are needed and much more money, to help ﬁght
the notion that Man no longer needs nature.*

David Brower, Executive Director
Sierra Club
Mills Tower, San Francisco

r a
| |
| !
| |
I [T] Please send me more details on how I may help. :
I [] Here is a donation of $ to continue your effort |
| to keep the public informed. I
| [:] Send me “Time and the River Flowing,” famous four color |
| book which tells the complete story of Grand Canyon, |
| and why T. Roosevelt said, “‘leave it as it is.”’ ($25.00) |
I [] Send me “The Last Redwoods” which tells the complete |
I story of the opportunity as well as the destruction in the E
redwoods. ($17.50)
I [] I would like to be a member of the Sierra Club. Enclosed is I
| $14.00 for entrance and first year’s dues. I
| |
| I
| I
| |
| |
L J

Name

Address

*The Sierra Club, founded in 1892 by John Muir, is nonprofit, supported
by people who, like Thoreau, believe “In wildness is the preservation of
the world.” The club’s program is nationwide, includes wilderness trips,
books and films —as well as such efforts as this to protect the remnant of
wilderness in the Americas. There are now twenty chapters, branch offices
in New York (Biltmore Hotel), Washington (Dupont Circle Building), Los
Angeles (Auditorium Building), Albuquerque, Seattle, and main office in
San Francisco.

(Our previous ads, urging that readers exercise a constitutional right of
petition to save Grand Canyon from two dams which would have flooded it,
produced an unprecedented reaction by the Internal Revenue Service threat-
ening our tax deductible status. IRS called the ads a ““substantial”’ effort to
“influence legislation.”” Undefined, these terms leave organizations like ours
at the mercy of administrative whim. [The question has not been raised
with organizations that favor Grand Canyon dams.] So we cannot now
promise that contributions you send us are deductible — pending result
of what may be a long legal battle.)
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RCA perfects a new source of light...and also

RCA scientists are working on a new kind of light
that comes directly from a solid state device

called an optical diode. There is no bulb. Initially,
it will be usedto “read” information from punched
cards into a computer. But someday it may

light your home—and it will never burn out.

In another area of light, RCA scientists have
added immeasurably to the lifespan of a new
kind of gas laser. It will work for thousands of
hours and can now be used to help save lives in
surgery. Tomorrow this laser may be used

to communicate with men on Mars.
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helps light the way to medical breakthroughs.

RCA engineers are constantly pioneering better
ways of doing things—electronically—from
research in light to advanced Spectra 70 com-
puters to worldwide satellite communication
systems. And we can apply these skills to help
your business grow.

The Most Trusted Name in Electronics
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CRYSTAL OF GALLIUM PHOSPHIDE emits red light when an
external voltage is applied across it. The crystal is divided into
two semiconducting regions, one consisting of n-type material
(top half), in which electrons predominate, and the other consist-
ing of p-type material (bottom half), in which electron “holes” pre-
dominate. The light is emitted as the result of the recombination of

electrons and holes at the junction between the two regions. The
junction appears yellow in the photograph because the light from
it has overexposed the color film. The negative electrode (top) is a
gold-plated wire about .02 inch in diameter. It is connected to
the crystal by a ball of solder. The crystal diode is mounted on a
gold-plated disk (bottom), which serves as the positive electrode.
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LIGHT-EMITTING SEMICONDUCTORS

Avariety of electron-exciting mechanisms can be used to induce

luminescence 1n crystals of semiconducting compounds. Among

the applications of this capability are efficient solid-state lasers

Research aimed at developing an
efficient solid-state source of vis-
ible radiation has undergone a
major shift of emphasis since the late
1950’s. At that time the most promising
approach appeared to involve the Des-
triau effect, a property of certain phos-
phorescent powders discovered by the
French physicist Georges Destriau in
1936. The most common technique for
exploiting the Destriau effect was to
spread a thin layer of phosphorescent
powder (similar to the coating on the in-
side of a television picture tube) between
the parallel plates of a transparent ca-
pacitor; by applying a high alternating
voltage across the resulting “sandwich”
the phosphors could be made to emit a
steady glow [see “Electroluminescence,”
by Henry F. Ivey; SCIENTIFIC AMERI-
CAN, August, 1957]. Owing to the high
voltages and high frequencies required
for this method to produce light that is
bright enough for most purposes, how-
ever, such electroluminescent panels
have not lived up to their early promise,
and the state of the art is substantially
what it was 10 years ago.

In the past five years the main focus of
attention in the field of solid-state elec-
troluminescence has centered on the
study of single crystals of various semi-
conducting compounds. The trend in
this direction received its greatest im-
petus in 1962 when workers at the Lin-
coln Laboratory of the Massachusetts
Institute of Technology discovered that
a simple junction diode consisting of a
crystal of semiconducting gallium arse-
nide was an efficient emitter of infrared
radiation. Later that year groups at the
Lincoln Laboratory, the General Elec-
tric Company and the International
Business Machines Corporation an-
nounced almost simultaneously that each
had succeeded in obtaining laser light
from gallium arsenide diodes.

by Frederick F. Morehead, Jr.

Today semiconducting light sources
are available in a wide range of wave-
lengths, extending from the near-ultra-
violet region of the electromagnetic
spectrum to the far-infrared region [see
illustration below]. Many of the semi-
conducting compounds are suitable for
service in lasers. Although difficulties
remain, it seems likely that just as the
transistor, with its quick response, high
reliability, long life and small size, has
replaced the vacuum tube for many
purposes, so the light-emitting semicon-
ductor will eventually, and for similar
reasons, replace small incandescent
lamps, particularly where such lamps are
used in conjunction with predominantly
transistorized devices—for example as
circuit indicators or display devices in
electronic computers. In addition, infra-
red-emitting diodes of gallium arsenide
coupled with solid-state detectors of
pure silicon may in the not too distant
future replace the heavy cables that link
one part of a large computer to another,
thereby cutting costs and increasing the

speed of data transmission. The impact
of semiconductor light sources is likely to
be less in general lighting, where large
incandescent lamps, fluorescent lamps
and various gas-discharge devices oc-
cupy an apparently unassailable position
at present.

t is important at the outset to distin-
guish between the two principal
mechanisms for generating visible light:
incandescence and luminescence. In-
candescence is the broad-band radiation
emitted by matter as a consequence of
the thermal motion of its constituent
atoms. To obtain incandescence one sim-
ply pours energy into a piece of suitable
material, say by passing an electric cur-
rent through a tungsten wire. The elec-
tric energy is converted into thermal
motion, which is measured in terms of
temperature. The higher the tempera-
ture, the greater the total amount of
radiation that is produced and the great-
er the fraction of the total that is in the
form of high-energy photons, or light

INFRARED

ULTRAVIOLET ., VISIBLE,
— i

ELECTRON Bf /M

i BEAM

p-n JUNCTION

|

100,000 71,000,000

WAVELENGTH (ANGSTROM UNITS)

WAVELENGTHS SPANNED by currently available semiconductor light sources are in-
dicated by color in this schematic representation of a portion of the electromagnetic spec-
trum. The broad-band emission spectra for two incandescent lamps (gray curves) are shown
for comparison; the maximum filament temperatures of the lamps are 3,100 degrees
centigrade (left) and 1,400 degrees C. (right). The black horizontal lines show the ranges
covered by four different methods used to excite luminescence in semiconducting crystals.
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SHORT FORM of the periodic table contains all the elements that
combine in pairs to form semiconducting binary compounds suit-
able for use as light sources. The elements that so combine are in
identically colored columns. The best light-emitters are compounds

from Group II and Group VI (sometimes called II-VI compounds)
and those from Group III and Group V (III-V compounds). Each
element is accompanied by its atomic number: the number of pro-
tons in its nucleus or the number of electrons bound by them.

WAVELENGTH SEMICONDUCTING symsoL | TveE METHOD OF EFFICIENCY
(ANGSTROM UNITS) COMPOUND EXCITATION (PERCENT)
3,300 ZINC SULFIDE Zn S 1=V ELECTRON BEAM 6
4,900 CADMIUM SULFIDE cd s l1-vI ELECTRON BEAM 25
3,800 ZINC OXIDE Zn 0 -V ELECTRON BEAM
4,900 - 6,800 CADMIUM SULFIDE -SELENIDE CdS,Sei_, | VI ELECTRON BEAM 6
5,400 ZINC TELLURIDE ZnTe -V AVALANCHE i
5,500 , 7,000 GALLIUM PHOSPHIDE GaP -V p-n JUNCTION 01,1
6,200 ZINC SELENIDE-TELLURIDE ZnSe,Te,_, | 11-vi | PHOTO-p-n JUNCTION 18
6,300 8,500 GALLIUM ARSENIDE-PHOSPHIDE | GaAs,P_, | llI-V 5. JUNCTION 20
7,008,500 ZINC-CADMIUM TELLURIDE Zn,Cdy_,Te | ll-vi p-n JUNCTION 6
7.800 CADMIUM SELENIDE Cd Se RV ELECTRON BEAM 6
p-n JUNCTION .
. : : dT -1 A
8,500 CADMIUM TELLURIDE CdTe il 12
8,500 GALLIUM ARSENIDE Ga As lll-v ""f',""a'L Y "I,"""' 80
AVALAINLEFE
LASER BEAM
n.n JUNCTION
15,000 GALLIUM ANTIMONIDE Ga Sb 1IRY, PANTEETAIEE - ?
ELECTRON BEAM
p-n JUNCTION
31,000 INDIUM ARSENIDE In As -V ELECTRON BEAM ?
LASER BEAM
41,000 MERCURY-CADMIUM TELLURIDE | Hg,Cdy_, Te | N-Vi LASER BEAM ?
p-n JUNCTION
54,000 INDIUM ANTIMONIDE In Sb =Y ELECTRON BEAM ?
LASER BEAM
LASER BEAM
65,000 165,000 LEAD-TIN TELLURIDE PbSny_,Te | V-Vl eaitas iy 7
[ASER BEAM
65,000 165,000 LEAD-TIN SELENIDE Pb,Sn,_,Se | V-Vl o1 JUNCTION ?

MOST EFFICIENT light-emitting semiconductors are listed in this
table, along with the characteristic wavelength at which they radi-
ate, the groups they represent and the methods used to promote
their electrons to excited states. The efficiency of each source is
equal to the ratio of the energy of the light emission (output) to the

110

energy of excitation (input). All the emissions listed were ob-
tained at 77 degrees Kelvin (degrees centigrade above absolute
zero) except the red band of gallium phosphide at 7,000 angstrom
units, which was obtained at room temperature (300 degrees K.).
The emissions that are suitable for use in lasers are shown in color.
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quanta. The lifetime of an incandescent
lamp is normally determined by the rate
of evaporation of atoms from the heated
filament. A typical household lamp with
a rated life of 500 hours and a maximum
filament temperature of 2,600 degrees
centigrade converts about 80 percent of
its input electrical power to radiation;
most of the output is in the infrared and
only about 9 percent is visible to the
human eye. An incandescent indicator
lamp designed to run directly from tran-
sistor circuits and to last about 10,000
hours burns at 1,400 degrees C. and
produces visible radiation with an effi-
ciency of .5 percent.

Luminescence, on the other hand, is
the narrow-band radiation emitted by
matter as a result of a change in energy
states (usually of electrons) when the
sample is excited by an external source
of energy that does not significantly
change the temperature of the sample.
The luminescent system may be isolated
atoms in a gas that has been excited by
an electric discharge, or it may consist of
impurity atoms in a solid that has been
excited by high-energy photons or elec-
trons. High-pressure mercury-discharge
lamps, fluorescent lamps and television
picture tubes are among the practical
embodiments of luminescence. In each
case some of the input energy causes
electrons to occupy excited energy
states [see bottom illustration on this
page]. The electrons involved in lumi-
nescence are either the orbital electrons
of isolated atoms in a gas or a solid, or
the binding electrons in a solid. The
spontaneous return of the excited elec-
tron to a lower energy state can be ac-
companied by the emission of a photon,
which carries away the difference in en-
ergy between the upper and the lower
energy state. This energy difference is
proportional to the frequency of the
emitted light. If a large enough num-
ber of the excitable electrons can be
“pumped” into the excited states, a pho-
ton produced by the return of one such
electron to its ground state will stimulate
the return of others and a “standing”
wave of intense electromagnetic radia-
tion will be produced within the walls
of the solid. It is this stimulated emis-
sion of radiation that is basic to the
operation of any laser. The light waves
that emerge from such a laser will be
extremely monochromatic (all at the
same wavelength) and coherent (all in
step). I shall return to the topic of semi-
conductor lasers after first discussing the
relation between luminescence and the
electrical properties of semiconducting
solids.

The forces that bind atoms to one an-

n-TYPE SEMICONDUCTOR

p-TYPE SEMICONDUCTOR

P-N-JUNCTION DIODE of the same general type as the one in the photograph on page 108
is shown in its mounting at left and greatly enlarged at right. The diode is said to have a
forward bias, that is, the effect of the external voltage is to increase the rate at which elec-
trons diffuse into the positive (p) side of the junction and holes into the negative (n) side.
Light is generated in the plane of the junction (color) by the recombination of these “mi-
nority” charge-carriers. An actual diode crystal is about a third of a millimeter on a side.

other in a solid to form the three-dimen-
sional array called a crystal lattice are
intimately related to electrons. The par-
ticular electrons involved are those
that would occupy the outermost energy
orbits if the atoms were isolated. In the
case of an elementary solid, such as the
semiconducting element germanium,
these electrons, four to a germanium
atom, form negatively charged clouds
around and between the positively
charged cores of the atoms [see illustra-
tion on next page]. The electrostatic at-
traction between the negative electron
clouds and the positive atomic cores is
called a covalent bond; it is the glue
that holds the system together. The en-
ergy levels of the inner electrons are
essentially the same as they are in iso-
lated atoms, whereas those levels avail-
able to the binding electrons spread into
almost continuous bands of levels asso-
ciated with the entire solid (which can

EXCITATION
* 7

ENERGY ———>

l :

NANNNNLIGHT

be regarded as a giant molecule) rather
than with individual atoms. The num-
ber of allowed states for these binding
electrons in any band divided by the
number of atoms in the solid is usually
two. This rule means that at low tem-
peratures a band is either completely
filled, half-filled or empty. If the highest
energy band is completely filled and the
next highest allowed band is completely
empty, and if the two bands are sepa-
rated by an energy gap of finite width,
then the solid is an insulator at low tem-
peratures. There can be no net displace-
ment of charge in either a completely
filled band or a completely empty one. If
the highest occupied band is half-filled,
or if it overlaps in energy the next high-
est allowed band, the electrons can move
in the solid in the presence of an electric
field; the solid is then called a metal.

In the case of compound solids there
is a net positive or negative charge on

EMISSION

L EXCITED STATES

GROUND STATE

ENERGY-LEVEL DIAGRAM of an electron in an isolated atom (for example, in a gas)
illustrates the general mechanism of luminescence. An external excitation, which can be a
high-energy photon, or light quantum (left), promotes the electron from its ground state to
a higher energy state. When the excited electron returns spontaneously to a lower energy
state (right), the energy difference between the two states can be carried away in the form
of another photon. Relaxation processes following both excitation and emission produce
heat, so that the energy of exciting photon is always greater than that of emitted photon.
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ELECTRONS INVOLVED in luminescence in most semiconducting solids are the binding
electrons that hold the crystal lattice together. In a solid with covalent bonds, typified here
by germanium (left), these binding electrons form negatively charged clouds (color) be-
tween the positively charged cores of the atoms (black). In a solid with ionic bonds, typified
here by sodium chloride (right), the binding electrons are outermost electrons of both the
positively charged sodium ions (black) and the negatively charged chlorine ions (color).

the cores of the atoms of the two differ-
ent elements. In this case the electro-
static attraction between the cores them-
selves also contributes to the forces that
hold the solid together. All the outer
electrons for both ions are more or less
tightly held so that the electron cloud
between the ions is very thin; almost all
the binding force is ionic rather than
covalent. Both types of bonding are pres-
ent in all compound solids, ranging from
almost completely ionic for a compound
of elements from Group I and Group
VII in the periodic table to almost com-
pletely covalent for a compound of two
elements both of which are in Group IV
[see top illustration on page 110].
Semiconductors without impurities are
insulators with a narrow “forbidden”
gap, so that at room temperature a sig-
nificant number of the binding electrons
have been thermally promoted from the
highest normally filled band (the valence
band) into the normally empty band (the
conduction band). At this temperature
the conduction-band electrons can carry
a current through the solid. The “holes,”
or empty states, in the valence band also
conduct, moving in an electric field as
positive charge carriers in a direction
opposite to that of the electrons. Insula-
tors with wider gaps require the pres-
ence of impurities to become semicon-
ducting at normal temperatures [sece
upper illustration on opposite page]. A
donor impurity is one that has more
valence electrons than the host atom for
which it substitutes; it can donate these
excess electrons to the conduction band.
In general the ground, or lowest, state of
the extra electrons will lie within the for-
bidden gap, usually close to the conduc-
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tion band. If the energy difference is not
too great, some of the electrons will be
in the conduction band at normal tem-
peratures and contribute to the con-
ductivity of the solid.

An acceptor impurity has fewer elec-
trons than the atom for which it substi-
tutes in the host lattice; it can accept the
missing electrons to complete its bond-
ing requirements from the valence band,
leaving holes behind. The excited state
to which the valence electrons must be
promoted (or the ground state from
which the hole must be freed) also lies
in the forbidden gap, usually close to
the valence band. If the semiconductor
contains both donor and acceptor im-
purities, the system can lower its energy
either when a free electron falls into an
acceptor level occupied by a hole or
when a free hole recombines with an
electron in a filled donor site. In either
case the donor has compensated the ef-
fect of the acceptor and the solid will be
an insulator at room temperature for
exactly equal numbers of added donors
and acceptors.

The recombination of an electron and
a hole in a semiconductor, either direct-
ly across the gap or at a donor or accep-
tor impurity site, can be accompanied
by the emission of a photon. The energy
lost by the electron is acquired by the
photon. It is this type of luminescent
process that takes place in a light-emit-
ting semiconductor. An efficient semi-
conductor light source combines (1) a
fast, radiative recombination path for
the holes and the electrons and (2) a
suitable structure for introducing elec-
trons into excited states. One can ac-
complish these ends by three different
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techniques: by injecting electrons into a
material in which holes predominate (a
positive, or p-type, semiconductor), by
injecting holes into a material in which
electrons predominate (a negative, or
n-type, semiconductor) or by injecting
both holes and electrons into an insulat-
ing region. If this injection of “minority”
carriers into the efficient recombination
zone occurs as the result of passing cur-
rent through the structure, one is then
dealing with the direct conversion of
electrical energy into light, or electro-
luminescence.

The most effective system for injecting
minority carriers into a semiconduct-
ing material is the p-n junction. As the
name implies, one side of the junction
(the n side) is conducting by means of
electrons contributed to the conduction
band by donor impurities, whereas the
other side (the p side) is conducting by
means of holes contributed to the va-
lence band by acceptor impurities. The
shape of the bands at the junction and
the occupancy of the donor and accep-
tor states is shown in the lower illustra-
tion on the opposite page. The origin
of the potential barrier at the junction
can be explained briefly as follows: In
order to establish equilibrium between
the two sides of the junction, electrons
will diffuse from the n side to the p side,
whereas holes will diffuse from the p
side to the n side. The vacated donors
on the n side form a positively charged
region; the empty acceptors form a cor-
responding negatively charged region on
the p side. The electric field produced
by this separation of charge opposes the
diffusion process, and at equilibrium no
further net change occurs. An external
voltage applied to the junction to lower
the potential barrier increases the rate at
which electrons diffuse into the p side
and holes into the n side. Such a junction
is said to have a forward bias. Recombi-
nation of the injected minority carriers
(electrons on the p side, holes on the n
side) occurs with a loss in energy roughly
equal to the energy of the band gap.
This energy loss can be radiative, in
which case a photon is emitted, or non-
radiative, in which case a large number
of vibrational quanta, called phonons,
appear in the crystal. The current is
driven by the thermal motion of the
“majority” carriers (electrons on the n
side, holes on the p side). The applied
voltage determines the height of the
barrier and hence the rate at which it
will be surmounted by the holes and
electrons. If every injected hole or elec-
tron leads to the emission of a photon



whose energy is that of the band gap,
then for applied voltages less than the
band-gap energy in electron volts (eV)
the radiative output exceeds the electri-
cal input. Like a heat pump, the for-
ward-biased p-n junction removes ther-
mal energy from the crystal lattice and
ultimately gives up this energy in the
form of radiation. The radiative output
can exceed the electrical input to the
extent that the device refrigerates its
surroundings.

Ideally the efficiency of a p-n junction
is limited only by the first and second
laws of thermodynamics. In practice,

ly at the contacts) and the reabsorption
of the light before it escapes the crystal
reduce, to about 20 percent or less at
low currents, the efficiency with which
even the best of such junctions convert
their electrical input to an external opti-
cal output. The applied voltage often is
significantly less than the energy of the
photon in electron volts, particularly at
low currents. A major problem is extract-
ing the internally generated light with-
out reabsorption. One solution (which
unfortunately is not always available) is
to cause the onset of stimulated emission
in the junction.

P-n-junction injection electrolumines-

cence in some semiconductors is extraor-
dinarily efficient, with every injected mi-
nority carrier resulting in the internal
emission of a photon. Such semiconduc-
tors, which are compounds from Group
III and Group V of the periodic table
with gaps of less than 1.8 eV, are char-
acterized by “direct” recombination
transitions. This means that an electron
at the bottom of the lowest conduction
band and a hole at the top of the highest
filled valence band have the same mo-
mentum. A transition of the conduc-
tion electron to the hole in the valence
band can occur directly with the emis-

however, electrical energy losses (usual-
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ENERGY-BAND DIAGRAMS of a typical semiconducting solid
illustrate the role of impurities in promoting the conduction of an
electric current. The current can be carried either by electrons in
the normally empty conduction band or by electron holes in the
normally filled valence band (left). “Donor” impurities with en-
ergy levels in the “forbidden” gap between the two bands give elec-
trons to the conduction band, whereas “acceptor” impurities in the

n SIDE JUNCTION p SIDE
4
P
e & @ L L]
o
O o ooo %‘ﬁ
C(j*l
o
b —T
<
4 EX
zQ2
©

ENERGY BANDS ARE BENT at the junction between an n-type
semiconductor and a p-type semiconductor. In an unbiased p-n
junction (left) the resulting potential barriers prevent the diffusion
of electrons into the p side and holes into the n side. The applica-
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forbidden gap give holes to the valence band. An n-type semicon-
ductor has more donors than acceptors; a p-type semiconductor has
more acceptors than donors. Radiative recombination (right) can
occur between a free electron in the conduction band and a free
hole in the valence band (A4), between a free electron and a hole at
anacceptor (B),between a free hole and an electron at a donor (C)
or between an electron at a donor and a hole at an acceptor (D).
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tion of a forward bias in the form of an external voltage lowers
these potential barriers (right), greatly increasing the current. Re-
combination of the injected minority carriers (electrons on the p
side, holes on the n side) can occur with the emission of photons.
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IBM’s newest deskside computing system.
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It starts at $185 a month.

‘We call it QUIKTRAN-2. It’s a new system that puts a com-
puter terminal within easy reach of engineers, scientists, re-
searchers—problem solvers who can’t afford to waste time with
repetitive calculations. And its initial price is just $185 a month.

Ten times faster. Not only does QUIKTRAN-2 start at low
cost, but it can execute programs up to ten or more times faster
than its predecessor QUIKTRAN-1. This means more work done
per hour of ‘‘on-line’’ time.

Conversation with a computer. Use the terminal just as
you would a typewriter. Carry on a question-and-answer con-
versation in your office with the big computer in ours. Stop a
problem in the middle, change variables, new answers come
right back on the terminal.

Available day and night. Dial the QUIKTRAN-2 Center
over conventional telephone lines anytime between 8:00 A.M.
and 8:00 P.M. Immediately, the computer is available for fast

solutions to problems in design, simulation, planning, analysis.

Easy to learn. QUIKTRAN-2 is so easy to learn you'll be com-
puting effectively within a few hours after installation. And
QUIKTRAN-2 offers even more. Bigger memory files. Greater
diagnostic power. New application programs. Library pooling.
Security coding. Choice of terminals. And more locations. Get
the full QUIKTRAN-2 story. Send in the coupon.

Tell me more about QUIKTRAN-2.
1BM Data Processing Division, Dept. SA51
112 East Post Road, White Plains, N. Y. 10601

COMPANY. .« v ve et e ieeneeeneeeennenns

Address. .. oo e e e e e e
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THERMAL QUENCHING in a semiconductor is the decrease in the ratio of radiative to
nonradiative recombination with increasing temperature. In this case radiative recombina-
tion occurs between a free electron from the conduction band and a hole trapped at an
acceptor impurity (R) just above the valence band. Competing with this route is a non-
radiative, heat-emitting route through a “killer” impurity (K) near mid-gap. High tem-
peratures favor the recombination of minority carriers (holes in this case) at K with no
emission of photons; low temperatures favor recombination at R with emission of photons.

energy and the momentum of the entire
system. If the lowest-energy conduction
electron has a value of momentum dif-
ferent from that of the hole in the va-
lence band, the emission of a phonon is
required to conserve momentum. The
latter process, called an indirect transi-
tion, is much less likely than the direct
transition, and in indirect semiconduc-
tors, such as germanium, a radiative re-
combination occurs far less frequently
than a nonradiative one.

Nature has generously given all real
crystals an abundance of impurities and
native defects that provide fast, non-
radiative paths for the recombination of
minority carriers. The presence of an im-
purity provides the momentum change
required in direct-transition crystals,
and hence the recombination energy can
produce a photon, although it is more
often dissipated in the successive emis-
sion of a large number of phonons. To
obtain efficient radiative recombination
from indirect-transition materials, care-
fully selected impurities that provide a
radiative path must be added in suffi-
cient numbers to overwhelm the non-
radiative routes. This selection has been
reasonably successful with gallium phos-
phide (GaP) but not with silicon car-
bide (SiC), which yields blue or yellow
light at no more than one photon for
every 10,000 injected charge-carriers.

The efficiency with which heavily
“doped” p-n junctions in the direct-gap
Group III and Group V semiconductors
(for example gallium arsenide) convert
injected carriers into photons is almost
100 percent at high currents. If the emis-
sion is spontaneous (that is, not stimu-
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lated), the number of photons that es-
cape the crystal diode is greatly reduced
by their reabsorption in inactive parts of
the diode. Radiation striking the flat in-
terface between the crystal and the air
is totally reflected internally if it deviates
from the perpendicular to the interface
by more than a specific angle that is
determined by the index of refraction
between the crystal and the air. For all
but a few percent of the spontaneously
emitted radiation the light path through
the crystal will be very long as a result
of multiple internal reflections, and the
loss by absorption will be almost com-
plete. If the diode itself is spherical or
if it is encapsulated in a hemisphere
of a transparent material that tends to
match the index of refraction of the
semiconductor in air, absorption of the
radiation can be greatly reduced.

he onset of stimulated emission, or

laser action, at high currents is the
most efficient means of collecting exter-
nally nearly all the internally generated
photons. All the emerging radiation is
contained in a narrow beam in the plane
of the junction. Two ends of the diode
perpendicular to the junction plane are
usually polished or cleaved to form an
efficient, constructively interfering, reso-
nant cavity, and it is from these surfaces
that the laser beam escapes. External
quantum efficiencies as high as 80 per-
cent have been observed from “lasing”
gallium arsenide diodes at low tempera-
tures.

Gallium arsenide has a band gap such
that the emission is in the infrared
region of the spectrum, at a wavelength
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of about 9,000 angstrom units at room
temperature and at one of 8,400 ang-
stroms at 77 degrees Kelvin (degrees
centigrade above absolute zero), the
temperature of liquid nitrogen. Gallium
phosphide, another compound in the
Group III-Group V series, is a semi-
conductor with an indirect gap of 2.3
eV and a wavelength of about 5,400
angstroms. With appropriately chosen
impurities respectable quantum efficien-
cies can be achieved with gallium phos-
phide, both for green light at very low
temperatures and for red light at room
temperature [see illustration on page
108]. Coherent stimulated emission in
indirect material is considered unlikely.
In a solid solution of gallium arsenide
and gallium phosphide (GaAs,P;_,),
however, injection lasers have been
achieved only for an x of more than .5.
At this composition the band-to-band
transition is still direct, whereas for
values of x less than .5 it is indirect. The
emission occurs at wavelengths greater
than about 6,300 angstroms at low tem-
peratures, which is currently the lower
limit of the wavelengths obtainable from
p-n junction lasers.

The series of semiconducting com-
pounds with direct gaps large enough to
accommodate visible emission are from
Group II and Group VI of the periodic
table. These compounds are well known
for their luminescence. Zinc sulfide
(ZnS), for example, has a band gap of
3.7 eV in the near ultraviolet. Visible
emission from zinc sulfide arises from
recombination at impurities with energy
levels within the forbidden band. Zinc
sulfide phosphors are usually in the form
of a microcrystalline powder. Efficient
excitation of these powders to give vis-
ible emission can be achieved with near-
ultraviolet radiation, electron beams and
even high-frequency alternating electric
fields (the Destriau effect). In the case of
ultraviolet excitation as many as half of
the absorbed ultraviolet photons are con-
verted to visible photons. The rough, ir-
regular shape of the microcrystals en-
ables the internally generated photons to
escape without much of the absorption
loss that afflicts p-n junctions.

The problem one immediately encoun-
ters with these otherwise promising
Group II-Group VI compounds is that
the wider-gap members cannot be made
both n type and p type. Zinc selenide
(ZnSe), for example, with a gap of 2.7
eV, can be made usefully only n type;
zinc telluride (ZnTe), with a 2.3-eV gap,
can be made highly conducting p type,
but in n type its resistance is too high.
Zinc sulfide can be made n type only
with difficulty and p type not at all. The



“When we use A-B hot molded resistors

instead of some other make,
it’'s one less component
we have to worry about’’

Digital Equipment Corporation

FLIP CHIP T.M. Modules—The Digital Equipment Corporation trade-
mark for a new kind of digital system module uses Allen-Bradley
hot molded resistors exclusively.
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Digital Equipment Corporation’s PDP-8 pro-
gramed data processor, in which these modules
are used, is a compact general purpose digital
computer with a high speed, random-access,
magnetic-core memory for engineering, scienti-
fic, and educational applications.

HOT MOLDED FIXED RESISTORS are available in all standard EIA
and MIL-R-11 resistance values and tolerances, and can usually
also be furnished in values above and below standard limits. Shown
actual size.

m Allen-Bradley hot molded resistors have established
such a consistently superior performance record over the
years that Digital Equipment Corporation uses them
exclusively in their computers—with no substitutes per-
mitted under any circumstances!

While Allen-Bradley quality is the number one reason
for thisstandardization, Digital reports that excellent service
from Allen-Bradley is an advantage of vital importance to
them, too. For example: “Recent expansion of FLIP
CHIP production to meet the demand for PDP-7 and
PDP-8 computers quadrupled our component needs. With
Allen-Bradley’s help there wasn’t a single hitch in the
production speedup.”

The unvarying quality of Allen-Bradley resistors—
million after million, year in and year out—results from
an exclusive hot molding process. The precision automatic

equipment developed and used only by Allen-Bradley
produces such uniform properties that long term resistor
performance can be accurately predicted. Please note,
Allen-Bradley hot molded resistors have never been
known to fail catastrophically in service.

For complete specifications on Allen-Bradley hot
molded fixed and variable resistors, please write for
Technical Bulletin 5050: Allen-Bradley Co., 1204 S.
Third Street, Milwaukee, Wis. 53204. In Canada:
Allen-Bradley Canada Limited. Export Office: 630 Third
AVC., New York, NY, U.S.A. 10017. 466-5AB

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS
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complete explanation for this recalci-
trant behavior is complex, but a primary
cause is a phenomenon called self-com-
pensation. Just as one can compensate,
or neutralize, the electrical effect of
added donors by adding an equal con-
centration of acceptors, so there is the
possibility that at sufficiently high tem-
peratures the material itself can generate
defects, such as vacancies (missing
atoms), to produce the same effect. Ei-
ther type of compensation lowers the en-
ergy of the system by an amount equal
to the energy lost by the electron in going
from the donor to the acceptor. Whether
or not a given material will compensate
itself at the temperature at which the
impurities are introduced depends on a
delicate energy balance. If the energy
cost to generate a compensating vacancy,
for example, is less than the energy of
the band gap, then the equilibrium state
of the material at a given temperature
will correspond to a state with a high
concentration of such compensating va-
cancies. High-band-gap ionic solids, such
as sodium chloride, are completely self-
compensated and are always insulating,
Elements from Group IV, such as silicon
and germanium, and Group III-Group V
compounds have much stronger covalent
bonds and hence exhibit virtually no self-

compensation; as a result they can be
made in highly conducting forms with
either donors or acceptors. The Group
II-Group VI componnds are intermedi-
ate cases and generally exhibit only one
type of strong conductivity.

Cadmium telluride (CdTe) is the only
Group II-Group VI compound of mod-
erate gap (1.5 eV) that can be doped to
have both a useful n-type and a useful
p-type conductivity. In 1964 workers at
IBM prepared p-n junctions in crystals
of this compound that showed quantum
efficiencies of about 10 percent in an
emission band a little lower than the
band-gap energy at 77 degrees K. At
room temperature the efficiency was less
by a factor of 100. Even in this case self-
compensation and other factors operate
to limit the number of majority carriers
one can obtain on each side of the junc-
tion to about 10 per cubic centimeter.
This concentration is less by a factor of
1,000 than the concentration character-
istic of a good gallium arsenide injection
laser. Accordingly the maximum density
of recombining electrons and holes that
one can obtain at high currents is too low
to achieve laser action at low tempera-
tures and too low to give rise to efficient
radiative recombination at room tem-
perature. Introducing zinc into the cad-

P-N-JUNCTION INJECTION LASER consisting of a single tiny crystal of gallium arsenide
was made by researchers at the International Business Machines Corporation. It emits
pulses of infrared light with a wavelength of about 9,000 angstroms and a power of about
10 watts at room temperature. The crystal is inside the metal mount between the fingers.
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mium telluride lattice produces solid-
solution crystals of the composition
Zn,Cd; ,Te with a larger band gap. P-n
junctions for an x of less than 4 have
been prepared in this system (also at
IBM in 1964) with efficient electrolumi-
nescence at 77 degrees K. in the deep red
region of the spectrum at 7,000 ang-
stroms. For values of x greater than .4
the system can no longer be made n type.

The decrease in the ratio of radiative
to nonradiative recombination with in-
creasing temperature is often called ther-
mal quenching, This term applies only
to recombination at an impurity. For ex-
ample, consider the radiative recombina-
tion of a free electron with a hole trapped
at an acceptor impurity just above the
valence band [see illustration on page
116]. Competing with this radiative
transition at the center (R) is a nonradia-
tive route through a “killer” center (K)
near mid-gap. At low temperatures a
hole captured by R will stay put until
recombination with a conduction elec-
tron occurs. At higher temperatures more
and more of the holes will escape to the
valence band as a result of lattice vibra-
tions and suffer the chance of capture at
K Increasing the temperature, there-
fore, decreases the relative number of
radiative transitions and the overall lu-
minescence efficiency of the system. At
any temperature, however, it is theoreti-
cally possible to introduce holes into this
region at a sufficient rate to saturate re-
combination through K and increase the
relative number of radiative recombina-
tions at R to achieve high recombination
efficiency. Whether or not this can be
done in practice depends on the effec-
tiveness of the injecting structure.

Another Group II-Group VI solid so-
lution that should yield efficient p-n
junctions is zinc selenide—zinc telluride
(ZnSe,Te,_,). Since zinc telluride can be
made highly conducting in p-type form
and zinc selenide in n-type form, there
should be a range of x within which both
types are possible. Workers at General
Electric have prepared devices of this
composition that, under forward bias at
70 degrees K., emit at 6,200 angstroms
with quantum efficiencies as high as 18
percent. Careful examination of this de-
vice has shown that both sides of the
junction are quite insulating in the dark.
The absorption of light—external light at
first and later internally generated light
—produces the electrons on the n side
of the junction and the holes on the p
side. At room temperature the quantum
efficiency of this device decreases by a
factor of 10,000.

There are a number of techniques for



injecting minority carriers other than
that of a forward-biased p-n junction.
For example, a metal with a high work
function (a measure of the energy of the
metal’s electrons) can be used to make
contact with an n-type semiconductor.
Holes can be injected from such a con-
tact into the valence band of the semi-
conductor. A much larger number of
electrons is usually extracted from the
conduction band of the n-type semicon-

ductor, however, resulting in poor injec- |

tion efficiency. A heterojunction, as the
name implies, is a junction in which the
n side is one compound and the p side
another.

Another injection technique utilizes a |

quantum-mechanical process called tun-
neling. Electrons can “tunnel” through
the potential barrier presented by a nar-
row film of a wide-band-gap insulator
into a luminescent p-type semiconductor.
The probability of tunneling increases
with an increase of electric field across
the insulator barrier. Electrolumines-
cence of this type in Group II-Group VI
compounds has been reported by work-
ers at the Ford Motor Company and the
Radio Corporation of America.

1] these techniques unfortunately yield

L

only very low efficiencies, even at
very low temperatures. A single excep-
tion to this rule has been found by our
group at IBM. Contact injection from
indium alloys on p-type zinc telluride
has given quantum efficiencies up to 1
percent at 77 degrees K., but only at cur-
rent densities in excess of 10,000 am-
peres per square centimeter. Even if one
can arrange one of these systems to give
good injection efficiency, they all involve
an interface between two different solids
at the point of the injection of minority
carriers. Such interfaces always contain
a high density of recombination states
that are invariably fast and nonradiative.
Cathode-ray-tube phosphors, for exam-
ple, always have a “dead” layer on the
surface. The electrons in the exciting
beam must be accelerated to high
enough energies to penetrate well below
this surface to obtain efficient cathodo-
luminescence.

Perhaps the most promising alterna-
tive to p-n-junction injection is avalanche
injection. This technique of injecting mi-
nority carriers requires a thin layer of
insulating semiconductor sandwiched
between either two conducting regions
of the same crystal or a conducting re-
gion and a metal contact. When the field
in the insulating region is high enough,
a small number of “primary” current-
carriers are accelerated to sufficient ki-

Planetary Quarantine

A primary objective of space exploration is to search for evidences of
life on other planets. Lest this aim be compromised by earth-born
biological contamination, nations have agreed to sterilize all
planetary landers.

Sandia, because of its pioneering work in cleanrooms, was chosen
by NASA to provide theoretical and technological assistance in solving
this formidable quarantine problem. Systems analysis, statistical
modeling, and the development of instrumentation and microbiological
monitoring techniques are immediate areas of effort in this long-
term program.

Sandia is diversity in depth, a challenging environment for technical
people who excel. Our current needs are especially for persons with
records of achievement in Physics, Mathematics, and Statistics. For
information write: Professional Employment, Sandia Laboratory, Box
5800, Albuquerque, New Mexico, 87115. Sandia is an equal oppor-
tunity employer. U.S. citizenship is required.

SANDIA LABORATORIES
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PHYSICIST—

RANGE
MEASUREMENT
- RESEARCH

The Range Measurements Labora-
tory of the Air Force Systems
Command offers an interesting
opening for the investigation of
physical phenomena effects asso-
ciated with missile and space
vehicle testing.
Your assignment involves inde-
pendently conceiving, devising, di-
recting and analyzing projects,
investigations and researches into
broad fields of range instrumenta-
tion technology. Your investiga-
tions will establish or verify the
| performance of trajectory meas-
urement systems involving electro-
| optical devices. Advanced degree
in physics desired with extensive
laboratory experience, and experi-
ence in electro-optics required.
As part of this dedicated civilian/
military team you are offered chal-
lenging work on vital defense
programs; opportunity for advance-
ment and career development;
association with professionally rec-
ognized and respected colleagues;
opportunity to use individual tal-
ents and abilities; modern re-
search, development and test
equipment; authorship credit on
scientific and technical papers,
plus all the benefits of employment
in the Career Civil Service.
Send résumé to:

COMMANDER
| AIR FORCE EASTERN
| TEST RANGE,
DEPT. SA
DRAWER 0
PATRICK AIR FORCE BASE,
FLORIDA 32925

An equal opportunity employer
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ELECTRON BEAM can also be used as the exciting mechanism in a semiconductor laser.
How far the excited region extends into the semiconducting crystal depends on the energy
of the electrons in the beam (usually greater than 50,000 volts). Two reflecting surfaces on
the sides of the crystal form an optical cavity in which stimulated emission is produced.

netic energies to produce electrons and
holes from the lattice atoms by inelastic
impact. These impact-ionized carriers
are in turn accelerated and impact-ionize
more carriers; the insulating region
breaks down in what is picturesquely
but accurately referred to as an ava-
lanche. Since after breakdown most of
the carriers will have been produced by
impact, and half of them will be minor-
ity carriers, one should be able to ap-
proach an internal quantum efficiency
of 50 percent in such a system. The mi-
nority carriers will be swept by the field
into a region in which efficient recom-
bination is possible. Efficient avalanche
injection was first demonstrated in gal-
lium arsenide at IBM in 1965.
Avalanche injection would appear to
be a very good technique to apply to the
wider-gap Group II-Group VI com-
pounds, since it requires only a single
type of conductivity. The avalanche-
injection structure does not involve an
interface between two different solids,
so that the deleterious interface states
are avoided. IBM researchers have re-
ported efficient avalanche injection in
p-type zinc telluride structures. Quan-
tum efficiencies as high as 2 percent
have been observed at 77 degrees K.
with green and yellow emission. The
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operation of the device is complicated
by photoconductive effects, and room-
temperature operation has been disap-
pointing. There is good reason to hope,
however, that better avalanche struc-
tures can be made in zinc telluride and
other related compounds, which can
achieve the high recombination densities
necessary for the efficient emission of
visible light at room temperature.

If the objective is a semiconductor laser

emitting at visible wavelengths and
shorter ones, one possibility is to intro-
duce the excitation externally. High-
energy electron beams are an obvious
choice for such external excitation. With
up to 150,000 eV of accelerating poten-
tial available, such beams can deliver, in
pulses or continuously, 100 watts of pow-
er to a region less than a millimeter in
diameter. A further advantage of the
electron beam is that for accelerating po-
tentials greater than 20,000 eV most of
the excitation energy is dissipated from
the surface, avoiding nonradiative re-
combination at the dead swrface states.
The minority carriers necessary for radia-
tive recombination are generated in the
same way as in the avalanche-break-
down process, by ionizing carriers from
the lattice ions by impact. Because of



The first regular production models of the

Xerox 2400 were delivered in late 1965.
This of course pegs its breadboard photos
as “ancient history.”

Then why drag them out now? Because we
y .

can’t show you today’s breadboards, as

much as we’d like to.

But re-examine them in light of these facts
about the 2400. Never before the 2400’s
introduction had it been possible to elimi-
nate all distinction between office copying
and short-runduplicating—to wed printing
and imaging. Never before had a way ex-
isted to reproduce messages on paper as
fast as this, as conveniently as this and as
cheaply as this, without first creating a
usable master (type, plate, stencil, etc.)
from the original document. For with the
2400 it’s just—pick a number from 1 to 499
...push a button and 40 clean copies a min-
ute with no steps between original and
copies...except for some pretty unusual
electrical/mechanical/optical processes
quietly flying through their routines under
the metal housing. With a kind of preci-
sion and reliability that only an engineer
will fully appreciate.

Like we say, as breadboards go, the 2400
is definitely past tense. Some other things
we’re doing here — computer related data
and document systems, for example — defi-
nitely aren’t.

If you’'ve been designing or developing
complex servomechanisms, electromechan-
ical systems, or specific products for
eraphic communications, major appli-
ances, missiles or automobiles, we’d like to
talk with you about some newer bread-
boards. The primary requirement is that,
beyond your engineering degree, you can
point to a record of achievement and
demonstrate your ability to approach non-
standard problems in non-standard ways.

The openings are in Rochester, New York,
and call for BS in ME, EE or Physics.
Please forward resumes to Mr. Phillip D.
Smith, Dept. BBT-110, Xerox Corporation,
P.O. Box 1540, Rochester, N. Y. 14603.

Engineers ...

You’ll be doing

some fancy breadboarding
to make it look this simple.

R, s \

XEROX

2400 AND XEROX ARE TRADEMARKS OF XEROX CORPORATION

AN EQUAL OPPORTUNITY EMPLOYER (M/F)
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‘““No man possesses a genius
so commanding...that he can
attain eminence, unless a
subject suited to his talents
should present itself, and an
opportunity occur for their
development.”’

—Pliny.

Against a panorama of severe
technical challenge, Lockheed has
mounted one of the largest and
broadest R&D programs in the
country. Lockheed's far-reaching
land, ocean and space activities in-
clude: Advanced technology satel-
lites, bioastronautics, cryogenics,
advanced concepts of re-entry,
advanced materials, manned and
unmanned exploration of distant
planets. Unique land vehicles,
natural resources systems, micro-
particles, underground nuclear
tests, command systems for the
military services, new concepts in
tactical missiles, state and hospital
information systems. Deep
Submersible RescueVehicles,under-
water imaging systems, commer-
cial development of the ocean
bottom. If you feel that you can
contribute to one of these programs
write, R. C. Birdsall, Professional
Placement Manager, P.O. Box 504,
Sunnyvale, Calif. or, call collect
(408) 743-2200, until midnight
Pacific Coast Time. Lockheed is
an equal opportunity employer.

LOCKMHEED

MISSILES & SPACE COMPANY
&SI Coen il D ARCARE O e

122

electrons backscattered at the surface
and internal energy losses, one is limited
to an internal energy efficiency of much
less than 100 percent, perhaps no more
than 30 percent.

Thin, relatively pure platelets of sev-
eral Group II-Group VI compounds
have been “pumped” in this way with
high-energy electron beams. Pulsed op-
eration at low temperatures at the Lin-
coln Laboratory has produced coherent
emission from zinc sulfide, cadmium
sulfide and cadmium selenide, with peak
outputs as high as 350 watts and energy
efficiencies of about 25 percent. Less
efficient high-power outputs have been
reported in zinc oxide by workers at
RCA and in cadmium telluride by work-
ers in the U.S.S.R. High efficiencies and
high powers have been obtained with
the solid-solution system cadmium sul-
fide—cadmium selenide (CdSe,S,_,). If,
as expected, the zinc sulfide—cadmium

| sulfide system (Zn,Cd;_,S) also yields

good results, one can then obtain coher-
ent radiation from semiconductor lasers
all the way from 3,300 angstroms in the
ultraviolet to nearly 50 times this wave-
length in the infrared.

There are, or course, many uses for

small light-emitters in which the hu-
man eye is the detector—the numerous
indicator lamps mounted on computers
are a typical example. These needs are
now filled primarily by incandescent
lamps. It is quite likely that solid-state

devices will meet these requirements in

the future, particularly where long op-
erating life and reliability are of para-
mount importance. Even where the eye
is not the detector, as in the case of light-
sensitive paper for an optical printer,
sensitivity is greater in the visible region.
Here too visible emitters such as gallium
phosphide or some Group II-Group VI
device may find application in the future.

The most highly developed semicon-
ductor light source is of course gallium
arsenide. High efficiency (10 percent)
but incoherent continuous output at
room temperature is possible with spe-
cially doped p-n junctions that avoid
much absorption loss. Laser operation,
in pulses of much less than a millionth
of a second, is possible at room tempera-
ture, and continuous coherent output at
a temperature of 77 degrees K. and be-
low has been achieved. The most im-
portant potential application of the p-n-
junction laser is in communications. The
ultimate goal is to take advantage of the
tremendously broad band of frequencies
associated with a coherent output at in-
frared wavelengths (approximately 400
million megacycles per second). As an
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optical communication link the p-n-junc-
tion laser possesses advantages in both
directionality and high efficiency. A
large number of voice channels and a
single television signal (with bandwidths
on the order of a million cycles per sec-
ond) have been transmitted with gallium
arsenide injection lasers over a distance
of several miles.

The quenching and amplifying effects
of one p-n-junction laser on the opera-
tion of another p-n-junction laser can
also be used to perform logical opera-
tions in a computer. In addition the use
of p-n-junction lasers to couple com-
puter circuits by means of light rather
than electricity provides the maximum
in electrical isolation when there is no
signal, a major design advantage. The
detectors in such circuits can also be p-n
junctions (usually silicon) to provide the
best possible response time. Delays as
small as a few billionths of a second are
possible.

Proposed applications of semiconduc-
tor lasers pumped by an electron beam
include various scanning devices. Elec-
tron beams are easily deflected by elec-
trostatic or magnetic fields. If the semi-
conductor is a centimeter or so long,
several millimeters wide and about 10
micrometers thick, there will be perhaps
as many as 1,000 points along the cen-
timeter dimension that can be made
to emit coherent radiation, depending
on where the electron beam is made
to impinge. Two-dimensional scanning
could be accomplished by arranging a
number of such crystals like steps on a
stairway. A thousand steps would be
required to achieve the million points
characteristic of cathode-ray-tube dis-
plays, which is probably too many steps
to be practical. If the electron-beam
lasers emit in the same direction as the
electron beam (rather than perpendic-
ularly to it), a much simpler scanning
configuration is possible that would be
completely analogous to a television pic-
ture tube. The phosphor screen is merely
replaced by a continuous sheet with opti-
cally flat sides of the desired laser
material.

Light-emitting semiconductors are
clearly a prominent part of the cur-
rent scientific and technological scene.
Pumped with electron beams, with other
lasers or with forward-biased p-n junc-
tions, they represent an important source
of intense, coherent radiation in many
regions of the spectrum. The investiga-
tion of their fascinating properties has
led to an increased understanding of the
nature of the solid state and should con-
tinue to aid the rapid expansion of this
vigorous young branch of physics.
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Somewhere...

between 21 global timekeeping stations...

we lost a microsecond.

Last year, Hewlett-Packard engineers traveled with two
“flying clocks” to 21 different official timekeeping facili-
ties in 12 nations, correlating their time standards to
within tenths of millionths of a second. During this 31-day
journcy around the world, these portable clocks, without
adjustment of any kind, kept to within one microsecond
of each other and of the Hewlett-Packard frequency
standard in Palo Alto, California. This is an accuracy
equivalent to one second in 88,000 years, an accuracy
that could guide an object from earth to the sun with a
potential error of only a few inches.

Natural constant: Using the property of the unvarying
transition frequency of the cesium atom (9,192,631,
770 Hz) as a control for a highly stable quartz crystal
oscillator, Hewlett-Packard was able to develop an atomic
clock that is both highly accurate and, more important,
portable, permitting this historical corrclation of time.

Worldwide synchronization: Previously, most inter-
national timckeeping stations had been synchronized by
high-frequency radio transmission. Transmission through
the atmospherc and ionosphere is subject to errors caused
by delay, multiple paths, reflections from clouds and
doppler shift from ionospheric motion. Because of these
phenomena, the stationary time standards of the world
could be correlated to within only about one millisecond.
Now, with “door-to-door” synchronization made possible
by a truly portable standard of primary accuracy, corre-
lation of the stationary time standards has been improved
by a factor of a thousand.

The voyage of the “flying clocks’: During their
month-long journey, these time standards reached more
world timekeeping centers than had ever been correlated
in any previous experiment. On the long trip, the clocks
traveled by commercial airliner, private car, Jeep and

For new standards in measurement...

luggage carts. They were powered without interruption
by such diverse sources as airline generators, automobile
batteries and their own internal standby power supplies.
Yetrelative frequency differences were less than 3.6 parts
in 10" averaged over the 31-day period.

Importance of accurate time correlation: Time is
a basic measurement. Precise time standards are main-
tained by all major nations in the world. The accuracy
of these standards is increasingly critical in space travel,
as well as in scientific progress here. Morcover, “door-to-
door” correlation of time in widely separated points
makes it possible to learn more about the propagation
characteristics of radio waves and leads to a better under-
standing of the ionosphere and other spatial phenomena.

Standard-of-the-art instrumentation: The HP
E20-5060A Portable Time Standard ($21,600) is only
onc example of the strides being taken in electronic
mecasurements. The combined features of high accuracy,
easc of use, compact and rugged construction are the
results of standards which guide the design and production
of all Hewlett-Packard instrumentation. International
timckeeping is only one of the technologies represented
in the more than 1500 mecasuring instruments offered, as
practical Hewlett-Packard products, in clectronics, med-
ical and chemical instrumentation.

Software behind the hardware: To assist in the
application, delivery and maintenance of this instrumen-
tation, Hewlett-Packard provides the services of more
than 70 local field engincering offices throughout the
world. And these services are backed up with customer
training programs and a continuing flow of helpful in-
formation—all on a local basis, to meet the immediate
and long-term needs of those whose progress depends on
measurement. Hewlett-Packard, Palo Alto, California
94304; Europe: 54 Route des Acacias, Geneva.

HEWLETT hp, PACKARD

2325

Measuring instruments
for science and industry
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ORDINARY MATTER

The extraordinary particles created in accelerators are important

clues to the nature of matter. They obscure the fact, however, that

the matter of ordinary experience consists of only three particles

r I Yhales of Miletus, the first philos-
opher, is said to have asked, “How,
and of what, is the world made?”

and many men have since tried to an-

swer him. In my opinion current physical
theory provides an adequate answer to
the question, so that physics has solved

Thales’ problem and has thereby repaid

its debt to him and indirectly to philoso-

phy for inspiration.

Physics deals with one problem and
with many problems. In the widest sense
physics is the study of all phenomena
that occur in nature, and its problem is
to understand them. But at any given
stage in the development of physics we
are aware only of some fraction of the
phenomena that will be known at a later
stage. Furthermore, because of historical
accident, cultural variation and other in-
cidental reasons the physicists of differ-
ent times have often concentrated on
particular phenomena or particular as-
pects of phenomena in their investiga-
tions, disregarding others for the time
being.

There is, however, one problem that
has remained close to the center of in-
terest for physicists for almost 2,500
years. The first explicit statement of the
problem is the question attributed to
Thales. Less poetically, we can say that
the question concerns the structure and
composition of bulk matter, by which is
meant the objects and substances we
find around us.

In the asking of this question there is
implicit the assumption of a simplicity
underlying the complexities of bulk mat-
ter. Starting with the Ionian philoso-
phers, of whom Thales was one, physi-
cists have proceeded on this assumption,
with the result that by the middle of
the 20th century we have found a
comprehensive explanation of the prop-
erties of bulk matter. I refer of course to
the description in which matter is taken
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to be composed of nuclei and electrons,
and these objects follow the laws of
quantum mechanics.

With this theory I believe we have
essentially answered Thales’ question, at
least in the sense in which it was origi-
nally posed. The answer is that many as-
pects of the world around us can be un-
derstood by supposing that matter is
composed of atoms. Most of the remain-
der are understood by analyzing the
atoms into electrons and nuclei. A very
small number of everyday phenomena,
such as the shining of the sun, require
for their understanding a further analysis
of the nuclei into neutrons and protons,
together with the introduction of the
neutrino, a particle that seems to play
no role in natural phenomena other than
in certain decay processes.

The multitude of “elementary par-
ticles” that have been discovered in
high-energy physics in the past 30 years
appear to play a negligible role in phe-
nomena outside the laboratory, except
perhaps on the cosmic scale. Because of
this “irrelevance” of the elementary par-
ticles for most natural phenomena, it
seems inappropriate to include the study
of them in Thales’ problem. This is not to
say that such study is unimportant. In-
deed, elementary-particle physics is one
of the frontiers of human inquiry, and
very subtle intellectual questions are in-
volved in it that we are far from answer-
ing. Nevertheless, I think it is a mistake
to let the unsolved problems of particle
physics obscure the progress we have
made in understanding matter. Even
though matter, in the deepest sense we
know, is composed of particles such as
neutrons and protons that we do not
wholly understand, none of the phenom-
ena we generally encounter seems to de-
pend on those aspects of particle physics
that are still mysterious. It is in this sense
that I believe we have solved Thales’
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problem, and now understand how and
of what the world is made.

In order to document this thesis I shall

first briefly discuss some of the his-
torical stages in our understanding of
matter. In particular I shallmention four
approaches to the structure of matter.
These are the views of the Greeks before
Democritus, the atomic theory of De-
mocritus, the atomic-molecular theory of
the 19th century and the contemporary
view. By comparing these views we shall
see how physics has gradually come
to understand everyday phenomena in
terms of objects very different from ev-
eryday ones. Next I shall analyze more
carefully the notion that most of elemen-
tary-particle physics is irrelevant to the
structure of matter. I shall finish by out-
lining some questions that may occupy
physicists in the future, as Thales’ prob-
lem has in the past.

The earliest recorded speculations
about the structure of matter, which date
back to 600 B.c., are based on the idea
that the different forms of matter ob-
served are composed of a single “primal”
constituent or a few such constituents.
Thales said that this primal substance
was water; Heraclitus, that it was fire.
At a later stage the combination of earth,
air, fire and water was introduced by
Empedocles. At a distance of 25 cen-
turies these attempts may seem hope-
lessly naive. It is well to note that they
were among the first efforts to find a
simplicity behind the complexities of
natural phenomena and, as such, are the
direct ancestors of our own theories of
matter.

An important feature of the Ionian
speculations is that the primal substance
was always taken as one or more of the
forms of matter apparent to the senses.
To the Ionians it seemed very reasonable
that the ultimate stuff of which the uni-
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EXTRAORDINARY MATTER is represented by the particles that was discovered. The track made by the omega-minus is a short one
made the tracks in this bubble-chamber photograph. This particu- at an angle to the roughly parallel tracks at the far left. The spiral
lar photograph was the one on which the omega-minus particle

tracks were left by less energetic particles moving in a magnetic field.

ORDINARY MATTER is represented by the atoms that made the

luminous spots in this field-ion micrograph of an iridium crystal.

Each spot corresponds to a single atom. Micrograph was made by Er.
win W. Miiller and O. Nishikawa of Pennsylvania State University.
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ATOMS VISUALIZED BY JOHN DALTON were the ultimate
particles comprising the chemical elements. He proposed 36 kinds
of atoms, one for each of the elements known at that time (top).
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These atoms, he believed, combined to form the molecules of com-
pounds (bottom). This illustration is reproduced from Part II of
Dalton’s 4 New System of Chemical Philosophy, published in 1810.
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verse is made should be a familiar sub-
stance, with familiar properties. The
feeling was essentially that the underly-
ing reality should already be apparent on
the surface of things. Such an attitude
has indeed persisted among some of the
greatest physicists through the 19th and
20th centuries. Examples that come
easily to mind are the desire of James
Clerk Maxwell for a mechanical model
of the electromagnetic field and of Albert
Einstein for a deterministic substratum
of quantum phenomena. It would have
been comforting if the physicist’s job
were made easier in this way. Unfortu-
nately the world is not so simple, and the
proper understanding of matter requires
the imagination to invent entities not ap-
parent in everyday phenomena. It is the
enduring miracle of creative thought
that the mind is equal to this task.

This next step was already taken by
some of the Greeks, in the atomic
theory of Leucippus and Democritus.
In this theory the sensorially apparent
forms of matter and their properties are
regarded as secondary, and the ultimate
realities—the components of matter—are
the indestructible atoms, moving about
in the vacuum. Democritus himself
makes this point very clearly, in his cele-
brated statement: “Color is by conven-
tion, sweetness is by convention, bitter-
ness is by convention, in reality there is
nothing but atoms and the void.”

The remarkable thing about the Greek
atomic theory is not that it anticipated
the atomic theory of the 19th century.
There were, after all, no phenomena
known to Democritus that required
atoms for their explanation, and he does
not seem to have predicted any new phe-
nomena with his theory. What is re-
markable is that he was willing to make
the intellectual leap of assuming the ex-
istence of unobserved objects quite dif-
ferent from those found in ordinary mat-
ter, and to account for everyday objects
in terms of them. It is in this sense that
Democritus is a forerunner of modern
physics, in which the properties of bulk
matter are accounted for in terms of
atoms and their component particles,
which themselves behave very different-
ly from the way bulk matter does. Of
course, Democritus was not able to give
such an explanation himself, since nei-
ther the relevant dynamics nor the rele-
vant observations yet existed.

Yet so tempting was the Democritean
theory that Isaac Newton more or less
adopted it in his own theory of matter,
as he outlined it in the famous Question
31 of his Opticks. The atoms were now
given inert mass, and endowed with

gravitation and other forces to describe
their interaction. Newton used this mod-
el to explain some of the chemical and
physical properties of matter, those we
would now classify under solid-state
physics. There were still no quantitative
results, and hence Newton’s atomism
was not given the attention bestowed on
his dynamics.

In the 19th century the atomic theory
was revived by John Dalton and others,
who used it to explain the fact that in
chemistry different elements always en-
tered into compounds in amounts that
were the ratios of small integers. The
Daltonian atoms differ from those of De-
mocritus mainly in that distinct elements
have different kinds of atoms associated
with them. As yet there is no hint of
atomic structure or dynamics.

The other triumph of the atomic theo-
ry in the 19th century was the kinetic
theory of gases. This was essentially an
application of the Newtonian model. By
assuming that gases are composed of
atoms that obey Newton’s laws of mo-
tion it was possible to explain many prop-
erties of gases. Again, this step did not
require any detailed knowledge of atom-
ic structure at first, except the assump-
tion that the atoms were perfectly elastic.
It was possible to go somewhat further,
and by examining the deviations from
the ideal-gas laws J. D. Van der Waals
and Maxwell were able to determine the
number of atoms per unit volume in a
gas, or Avogadro’s number, to an accu-
racy of about 50 percent. With this num-
ber it was finally possible to estimate the
size of atoms, which made the atoms
seem somewhat more real.

Still, some of the sharpest thinkers
among 19th-century physicists complete-
ly rejected the atomic theory. Ernst
Mach, for example, went so far as to call
it meaningless or useless. The main rea-
son for this rejection seems to have been
that throughout the 19th century the
atom remained hypothetical in that there
was no direct evidence for its existence.
More important, it was not even clear
how such evidence could be obtained in
principle. In the 20th century, by means
of techniques such as X-ray diffraction,
direct evidence was finally obtained. At
the same time that this direct evidence
of the existence of atoms became avail-
able, it was also discovered that atoms
are not really indivisible but rather can
be analyzed into components: nuclei and
electrons. Thus, somewhat paradoxically,
most physicists were convinced of the
existence of atoms only after the discov-
ery that the atoms are not the ultimate
constituents of nature.

The discovery that atoms have a struc-
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ture and contain charged particles was
made late in the 19th century and early
in the 20th by J. J. Thomson and Ernest
Rutherford. This discovery by itself was
sufficient to solve some of the remaining
problems in the structure of matter, such
as how bodies can be electrified and
magnetized. The next step was rather
unexpected. It soon became clear that
the components of atoms could not be
adequately described by the dynamical
laws describing large-scale objects, that
is, Newton’s laws of motion. This was
quite shocking to physicists, who thought
that the “system of the world” had long
since been discovered. Nevertheless, it
did not take very long (some 25 years)
for them to invent a new description of
nature—quantum mechanics—for dealing
with atoms and their constituents.

Perhaps in retrospect the fact that some

of the laws governing atoms are dif-
ferent from those apparently governing
bulk matter should not have been so
surprising as it was. As we have seen,
Democritus already realized that the
components of matter were substances
different from matter itself. We might
have expected that the laws describing
atoms might contain new features quan-
titatively unimportant for large objects.
This may, however, be one of the argu-
ments that can only be made from hind-
sight.

The nuclear atom of Rutherford and
Niels Bohr, as described by quantum
theory, proved sufficient, as it has been
said, to account for all of chemistry and
most of physics. This is not to say that
there are no more problems left in solid-
state physics or in other branches of the
subject not dealing with elementary par-
ticles. The point is rather that we are
almost sure that there are no new laws
of physics to be discovered in these
areas. I would make an exception in this
statement for cosmology, or the study of
the universe as a whole. Most physicists
would agree that the properties of solids,
liquids, gases, atoms and even nuclei are
contained in known physical laws and
that the remaining problems in those
fields require only that we find the cor-
rect way of applying these principles. Of
course, saying this makes the problems
no easier to solve.

The process of solving Thales’ prob-
lem involved a double triumph of the
imagination. On the one hand, we have
been able to account for the multitude
of diverse properties of bulk matter—
such as hardness, color, superconductiv-
ity and even life—on the basis of rather
simple properties of electrons and nu-
clei. On the other hand, by experiments
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with bulk matter we have been able
to discover its elementary constituents,
even though these are many orders of
magnitude smaller than the objects with
which we deal and display quite differ-
ent behavior. For the most part the rea-
soning has been indirect, although in the
last stages of the search there have been
discovered effects on a macroscopic
scale, such as superconductivity, in
which the quantum properties of elec-
trons and nuclei play an essential role.

The fact that it is possible to under-
stand bulk matter by using only simple
properties of electrons and nuclei does
not mean that the latter are themselves
simple. On the contrary, the physics of
the past 30 years has been largely con-
cerned with the study of those objects
and others associated with them. Along
the way it has been found that these
“elementary particles” have some rather
unexpected properties of their own. It
can indeed be that the physics of ele-
mentary particles is as rich a field as the
physics of bulk matter has been. Never-
theless, it appears that the two fields are
almost distinct.

In the past 30 years liberal amounts of
time, thought and the taxpayers’ money
have been invested in the study of what
are called elementary particles. For the
present purpose we can take as an ele-
mentary particle anything apart from a
hydrogen atom with a definite angular
momentum and a mass less than that of
a deuterium nucleus. From this study
have come many remarkable experimen-
tal results, a few glimpses of theoretical
understanding and much confusion. Per-
haps the salient feature of the elementary
particles discovered so far is that there

MODERN ATOM consists of a nucleus
(black dot)
cloud. In this representation the cloud is the
butterfly-shaped configuration of the hydro-
gen atom in one of its higher energy states.
Shape of the cloud represents the region in
which the electron is likely to be found.
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surrounded by an electron

are a large number of distinct varieties of
particles (some 200 at present) and that,
when enough energy is available, they
change into one another freely without
regard to number and kind, except inso-
far as they are constrained by certain
conservation laws. This has led some
physicists to doubt that any particle is
more fundamental than any other and
to state that the proton is no more nor
less a composite than the uranium nu-
cleus. I do not intend to enter into this
interesting question here. I should, how-
ever, like to remark that, of the prop-
erties displayed by the particles in
high-energy experiments, only a small
number are relevant to determining the
structure of bulk matter. Indeed, only a
small number of the particles seem rele-
vant to this problem.

et us see how one is led to this view.
In order to recognize that atoms are
composed of electrons and nuclei it is
sufficient to do experiments at very low
energy. (The kinetic energy of the atoms
can be on the order of a few electron
volts.) With experiments at such low en-
ergy, say with slow neutrons striking
the nuclei of uranium 235, one can even
show that nuclei are composite objects.
The particles that are found by disinte-
grating atoms in this way are neutrons,
protons and electrons. The particles of
these kinds that come from a particular
atom were not created in the process of
disintegration but in some sense were
there all the time. It is difficult to make
this notion of preexistence precise for
a quantum-mechanical system, but at
least two important criteria are satisfied.
One is that properties of the atom such
as charge and mass are very nearly equal
to the sums of these quantities for the
particles that are found in this way. The
other is that the number of neutrons,
protons and electrons obtained from a
given atom is the same even if we use
different low-energy probes to examine
the atom. On this basis it seems reason-
able to conclude that these particles are
not created in the process of analyzing
the atom but were there all along.

It seems, furthermore, to be the case
that ordinary matter contains only these
three particles. The sense of this is that,
if we analyze matter with probes whose
kinetic energy is well below the thresh-
old for creating one of the other known
particles, none of these other particles
will be found. An apparent exception
comes if we use probes made of antimat-
ter, such as antiprotons. In this case,
even if the antiprotons have a very low
kinetic energy, they can still annihilate
with the protons and neutrons in matter,
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producing many of the unstable parti-
cles. I do not think this vitiates the anal-
ysis, since it does not seem useful to
consider the annihilation products as
preexistent in the proton and antiproton.
Instead one must, as in other instances
in particle physics, allow for the creation
of particles that were not there before.
Thus if we restrict our considerations to
that domain of physics where the aver-
age kinetic energy per particle is small
compared with the muon rest energy,
which is the smallest energy necessary
to create one of the unstable particles,
the only particles that appear in real
form are electrons, protons and neutrons.
In addition to these there are the par-
ticle-like photons, which compose light
beams, whose properties are well under-
stood, and the neutrinos, which inter-
act so weakly with matter that they are
unimportant for Thales’ problem.

Now, in most of the universe the av-
erage energy per particle is very small
compared with the rest energy of the
muon. For example, at a temperature of
1.2 X 1010 degrees centigrade—hotter
than the center of any known star—the
average kinetic energy per particle is
only 1 percent of the muon rest energy.
Hence only one particle in 10* will have
an energy equal to the muon rest energy.
As far as we know, only in cosmic rays
and in man-made accelerators are ener-
gies high enough to create the other un-
stable particles.

t follows that any effect of these other
particles on the properties of ordinary
matter can come only through their oc-
currence in “virtual” states. That is to
say, it is possible to create the other par-
ticles for a very short time, in which case,
on the basis of the uncertainty principle,
energy conservation need not apply.
There are of course effects of such
short-time creation and annihilation of
particles. For example, the creation and
destruction of pions is mainly responsible
for the nuclear forces. It would be mis-
leading, however, to conclude from this
that we must understand the pion and
the other unstable particles in great de-
tail before we can understand “how the
nucleus holds together.” Insofar as we
are willing to treat the nuclear force phe-
nomenologically, we can learn about it
from a study of nuclei themselves, with-
out reference to where the force comes
from. Even if we wish to derive the nu-
clear force from the theory of pions, what
is mainly relevant is the existence of par-
ticles with a certain mass and angular
momentum, not the details of high-ener-
gy-scattering cross section or the other
phenomena of interest to particle physi-
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big new radar systems: RONDO
and ALTAIR. Both systems are
procured by the Army for the
Department of Defense Advanced
Research Projects Agency.

The RONDO system tracks
missiles using two mobile 30-foot
antennas—plus Sylvania receiving
and digital processing equipment.

The ALTAIR systemstarts with
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GTXE to serve the nation. Quickly,
effectively, economically.
Sylvania Electronic Systems,
Division of Sylvania Electric Prod-
uctsInc.,40 Sylvan Road,Waltham,
Massachusetts 02154.

GENERAL TELEPHONE & ELECTRONICS

Total Communications from a single source through

SYIVANIA ELECTRONIC SYSTEMS

Lenkurt Electric « Sylvania Electric Products

131



TEACHERS:
Bring the
excitement of
this magazine
into your
classrooms with

Offprints

SCIENTIFIC
AMERICAN

C(J.'H,'\TL'.\TC-\TTO,\'

The unique intellectual stimulation
you find each month in the pages of
this magazine can be a part of your
standard classroom fare if you regu-
larly include SCIENTIFIC AMERICAN
Offprints in your reading assignments.
From a constantly growing inventory
of more than 550 available articles—
reproduced from the magazine with
full text, full illustration, and full
color—you can select those most suit-
able for the design of your course and
use them as enrichment ‘“chapters”
along with your textbook.

Hundreds of thousands of students
have already responded to SCIENTIFIC
AMERICAN Offprints with fresh enthu-
siasm for their courses and with a bet-
ter grasp of the subject.

Why not try a selection of Offprints
in your next course? They are still
only 20¢ each.

For a free descriptive brochure,
write to

i W. H FREEMAN
El AND COMPANY

660 Market St., San Francisco, California 94104
Warner House, 48 Upper Thames St., London E. C. 4

132

CHARGE MASS
ELECTRON S) 1
PROTON e 1836.1
NEUTRON Q 1838.6

THE THREE PARTICLES of ordinary mat-
ter are listed. The masses of the two nuclear
particles, the pioton and the neutron, are
given in terms of the mass of the electron.

cists. It therefore seems to me unlikely
that further discoveries concerning the
elementary particles or the addition of
new members to that family will shed
any real light on the properties of nuclei.
The still unsolved problems of detail in
that field are more likely to be under-
stood through the discovery of subsys-
tems of nuclei, such as the shell structure
of nuclei, in terms of which simple ap-
proximations can be made.

I expect that it is even less likely that
the details of elementary-particle physics
are relevant to phenomena not involving
nuclear transformations. Most of the phe-
nomena that take place on the earth and
in the outer layers of stars are in this
category. Unless our present ideas are
wholly misleading, a knowledge of elec-
tromagnetic and gravitational forces, to-
gether with a knowledge of the existence
of nuclei and electrons, is sufficient for
the understanding of these phenomena.

have said that the details of particle

physics are irrelevant to the structure
of bulk matter. The unsolved problems
regarding the structure of matter remain
because we are applying the known prin-
ciples to complicated systems. A ques-
tion one might still raise about the
Thales problem is the possibility that the

| application of these principles might at

some stage fail to explain either some
known phenomenon or some yet undis-
covered phenomenon involving bulk
matter. Both such failures occurred late
in the 19th century and early in the 20th,
the former with regard to optical spectra
and the latter with regard to radioactiv-
ity. In this connection some physicists
have argued that the laws of quan-
tum mechanics are insufficient to explain
living phenomena (\Valter Elsasser) or
mental phenomena (Eugene Wigner). I
think that it is premature to draw these
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conclusions, since the detailed study of
living phenomena with the full use of
physics and chemistry is rather recent,
and its spectacular progress is such that
predictions of impotence may soon be
falsified.

One cannot rule out on a priori
grounds the possible discovery of new
macroscopic phenomena inexplicable by
the atomic theory, but I am inclined to
await their discovery skeptically. I think
that the parallel with the situation in the
late 19th century is not really valid. At
that time there were many phenomena
known for which not even an order-of-
magnitude explanation was available,
such as spectra. On the contrary, at pres-
ent I would say that all macroscopic
physical phenomena are understood at
least qualitatively. Moreover, in the late
19th century atoms were still rather mys-
terious and no idea of their internal
structure existed. It might have been an-
ticipated that new effects would be dis-
covered involving this internal structure.
Although it may involve a lack of vision
on my part, I cannot see any such un-
known regions on our present map of
nature. Accordingly it seems to me that
we now have a model of the structure of
bulk matter that is fairly complete and
unlikely to change in its essential aspects.
Only perhaps on a cosmic scale are we
likely to find new laws of nature in the
behavior of large bodies.

In conclusion I shall briefly discuss some
problems with which I think physics
will deal in the future and that I think
have some possibility of being funda-
mental ones. The list is not meant to be
exhaustive, and I shall confine myself to
two areas, one involving very small ob-
jects, the other the universe at large.
The first of the future problems might
be succinctly phrased: “Are particles
elementary?” By this I do not mean the
questions I mentioned earlier about
whether certain of the known particles
are to be considered composites of oth-
ers. Rather, the question is whether par-
ticles are the simplest structures that ap-
pear in nature or whether the particles
we observe are somehow manifestations
of an underlying structure we have not
yet detected. This might be expressed
poetically by saying that particles are
like ripples on a still unfathomed ocean.
Of course, there is no evidence whatever
for this point of view. It is not even ob-
vious how to go about testing it. Yet there
seems to me something suggestive about
the idea. As I said earlier, one of the most
striking characteristics of particles is
that at high energies they are easily
created and destroyed or transformed



SEVERAL DIFFERENT VERSIONS OF THE F-111 ARE UNDER
CONTRACT FOR USE BY THE ARMED FORCES OF

AUSTRALIA
GREAT BRITAIN
STATES

UNITED

Mechanical Systems Design
Mechanism and Controls
Armament Systems Installation
Cockpit Design

Structural Design
Propulsion Design

Air Conditioning and Environmental
Control Design

Hydraulic and Fluid System Design
Engineering-Shop Liaison
Additionally, important openings
exist in the areas listed below:

* Structures - Flight Sciences

* Avionics * Information Sciences

* Operations Research, Reliability,
Maintainability

Engineering and scientific action is required to
solve the intriguing problems posed by aero-
space projects now in progress at the Fort
Worth Division of General Dynamics. If your
creative background and education qualify you
for advanced assignments, you'll find room to
satisfy your potential. You'll enjoy action living,
too, in smog-free Fort Worth, where residential
areas are easily reached via uncrowded freeways
. . . and where a broad range of cultural,
recreational, and upper level educational facilities
is at hand. A mild climate and low living costs
make an added contribution to your

career satisfaction.

Call collect—817 PE 2-4811 extension 3551

or send a résumé of your education and
experience to J. B. Ellis, Industrial Relations
Administrator, Engineering, General Dynamics,
Fort Worth Division, P. O. Box 748C, Fort Worth,
Texas. An equal opportunity employer.

GENERAL DYNAMICS

Fort Worth Division

© 1967 SCIENTIFIC AMERICAN, INC

133



' REVOLUTIONARY
ELEGTRONIG :
CALCULATOR

m Unmatched speed, versatility
. m Simple to operate
- m Single keystrokes provide all
+ these functions

EESOEED

e Two independent accumulators for random data
entry and retrieval

o Low price = lrom $1690 to $2095. Additional keyboard H
units from $45 .

e Time sharing unlts also available

* o Models with 4 additional storage registers .
available for $400 extra

e Accessory programmers also available
Write for complete details

logex

TR

. LABORATORIES, INC.
» Dept. BK-5,836 North St., Tewksbury, Mass. 01876
. Tel. (617) 851-7311 .

586902101

The Celestron 16

SCHMIDT-CASSEGRAIN TELESCOPE

The many basic features of this superb /11,
16-inch Telescope as well as optional accessories
make it the most versatile instrument available for
educational institutions. Visually it may be used
at low magnification for open cluster or nebulae
study or at high magnification for close-up views
of the moon or planets. In either case the images
are unusually crisp and well illuminated. Accessories
are available for using this instrument as a plane-
tary camera or as an f/2 Schmidt Camera.

Priced at $11,500.00 including on-site installa-
tion assistance and instruction.

Celestron Pacific — 13214 Crenshaw Bivd.
\ Gardena, Calif. 90249 Ph. (213) 323-6160

J

134

into one another. It seems strange to me
that this would occur if particles were
really fundamental. In the transforma-
tions that occur when particles interact,
however, some things remain constant.
These are the conserved quantities, such
as electric charge and energy. Other
quantities change very slowly, such as
parity. There is, furthermore, the mys-
terious fact that the electric charge of
apparently unrelated particles such as
the proton and the positron are equal. If
indeed there is a substratum underlying
particle physics, these quantities must be
properties of the underlying stuff. Per-
haps when we understand the conserva-
tion laws better we shall get some hint
of whether or not the substratum really
exists.

Another problem I think physics will
have to deal with is the interrelation of
the universe in the large with the be-
havior of objects in the laboratory. This
problem is sometimes referred to as
Mach’s principle, because Mach raised
the issue in connection with the inertial
properties of matter. At first sight this
problem would seem contrary to the his-
tory of physics since the time of Galileo.
In our period physics has been fairly suc-
cessful in accounting for laboratory phe-
nomena while taking into account only
the effects of nearby objects. Many
physicists would regard any contrary as-
sumption as a form of astrology. But
Mach in the past century and Einstein
in this one pointed out that the assump-
tion that physical laws in a universe con-
taining only a few objects would be the
same as they are in our universe may
lead to difficulties. For example, Einstein
pointed out that if the earth were alone
in the universe and Newton’s laws were
still valid, it would be possible for an ob-
server on the earth to determine whether
or not the earth was rotating by measur-
ing the flattening of the poles. This con-
clusion seems counterintuitive, since one
is inclined to ask: Rotating relative to
what?

One possible way out of this problem
is the one suggested by Einstein, who
said that the inertial properties of mat-
ter arise when a body is accelerated rela-
tive to the average distribution of matter
in the universe. According to this view,
the inertial effects come from the gravi-
tational force exerted on a body in the
laboratory by the remaining bodies in
the universe. This force depends, among
other things, on the relative acceleration
of two bodies. It also appears that the
main contribution to the force on a given
body comes from the distant background
of galaxies. It is not yet clear whether or

| not the gravitational force of these gal-

© 1967 SCIENTIFIC AMERICAN, INC

axies is quantitatively sufficient to ac-
count for the inertia.

If this is indeed the correct explana-
tion of inertia, a new problem arises. In
order to know that the laws used to cal-
culate the inertial effects are correct, we
would have to know how all physical
laws, including the law of gravitation,
depend on the distribution of matter in
the universe. That is, we would have to
know the laws of physics for all con-
ceivable distributions of matter, from an
empty universe to one filled with matter
in arbitrary motion. The orthodox view
would be that the fundamental laws are
independent of the distribution of mat-
ter. This leads to problems such as the
one of the solitary rotating earth that I
have cited. It may be possible to find the
laws of motion for any distribution of
matter, although to do so it will be neces-
sary to assume that some laws do not
change with the distribution. If this can
be done, we might be in a position to
understand some apparently accidental
features of our world, such as the fact
that space has three dimensions. How-
ever, the distribution of matter would
still have to be prescribed arbitrarily.

here is another possible approach to

the connection between the distribu-
tion of matter and the laws of motion.
This has been emphasized by Dennis
Sciama in his brilliant book The Unity
of the Universe. According to Sciama, it
may be that the connection between the
laws of motion and the distribution of
matter is so rigid that there are only one
possible set of laws and one possible dis-
tribution of matter, those of the universe
we inhabit. This is an extension of the
view of Leibniz, who argued that, out of
logical necessity, the universe could only
be the way it actually is. Similar views
have been expressed in the context of
particle physics by Geoffrey Chew and
his “bootstrap” school.

Clearly this approach also has its prob-
lems. In particular it seems easy to im-
agine logically consistent universes, very
different from ours, such as a world with
no bodies in it at all or a world with par-
ticles permanently fixed. Perhaps, in or-
der to rule out these worlds, it is neces-
sary to supplement the requirement of
logical consistency with the requirement
that there be an observer to make mea-
surements.

In any case, it seems that the problem
of the relation between the universe and
the laboratory will be a knotty one to
unravel, and perhaps it may replace the
Thales problem as the central question
in physics. One may hope that it will
take us less than 2,500 years to solve it.
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MATHEMATICAL GAMES

Cube-root extraction and the calendar

trick, or how to cheat in mathematics

by Martin Gardner

I jven the greatest of the lightning
calculators  discussed in last
month’s department regularly in-

cluded in their stage acts such feats as
cube-root extraction and the calendar
trick, which appear enormously difficult
but actually are not, and many lesser
calculators were not above introducing
feats that operate almost entirely by
trickery. Some of these tricks are so
easily learned that the reader who
wishes to amaze and confound his
friends can master them with a mini-
mum of practice and only the most ele-
mentary of calculating skills.

Consider, for example, the following
multiplication trick, surprisingly little
known even though it goes back to an
Italian book of 1747, I giochi numerici:
fatti arcani (Numerical Games: Arcane
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Facts), by G. A. Alberti. The trick works
with numbers of any length, but it is best
to limit it to three-digit numbers unless
a desk calculator is handy for checking
results.

Ask for any number with three digits.
Suppose you are given 567. Write it
twice on the blackboard or on a sheet
of paper:

567 567

Ask for another three-digit number.
Write it under the 567 on the left. Now
you need a different three-digit num-
ber as a multiplier on the right. It has
to be (although your audience must not
know this) the “9 complement” of the
multiplier on the left; that is, corre-
sponding digits of the two multipliers
must add to 9. Assume that the left
multiplier is 382. The right multiplier
must be 617:

567
382

567
617

If you do the trick for a group, you
can arrange beforehand for a friend to
act as a secret confederate and suggest
the correct second multiplier. Otherwise
simply write it yourself as though you
were putting down a number at ran-
dom. Announce that you now intend to
perform the two multiplications in your
head, add the two products and then,
as a final fillip, double the result. Obtain
the sum of the two products instantly
by subtracting 1 from the multiplicand
and then appending the 9 complement.
In this case 567 minus 1 is 566, the 9
complement of 566 is 433 and so the
sum of the two products is 566,433. If
you wrote this down, however, someone
might notice that it began with the same
two digits as the multiplicand, which
would look suspicious, so you conceal
the fact by doubling the number. This
is not hard to do mentally, writing the
digits from right to left as you perform
the necessary doublings in your mind.
If you prefer, you can mentally add a
zero to 566,433 and divide by 5 (since

© 1967 SCIENTIFIC AMERICAN, INC

multiplying by 10 and dividing by 5
is the same as multiplying by 2), in
which case you write the final answer
from left to right.

Why does the trick work? The sum of
the two products is the same as the
product of 567 and 999, which in turn
is the same as multiplying 567 by 1,000
and subtracting 567. Do this on paper
and you will see at once why the result
has to be 566 followed by its 9 comple-
ment.

A subtler principle underlies a variety
of lightning-multiplication tricks involv-
ing certain curious numbers that seem
innocent enough but actually can be
multiplied quickly by any number of
equal or shorter length. Suppose the
stage calculator asks for a nine-digit
number and a confederate in the au-
dience calls out 142,857,143. Another
nine-digit number is requested and
given legitimately. The performer mul-
tiplies the two numbers in his head,
writing the mammoth product slowly
from left to right. The secret is absurdly
simple. Merely divide the second num-
ber through twice by 7. If there is a re-
mainder after the first division, carry it
back to the front of the first digit, then
divide through a second time. Suppose
the second number is 123,456,789. In
effect, you divide 7 into 123,456,789,-
123,456,789. The result, 17,636,684,-
160,493,827, is the answer. The division
must come out even; otherwise you
know you have made a mistake.

The magic number 142,857,143 is
just as easily multiplied by a number of
shorter length. Merely add enough zeros
at the end to make it a nine-digit num-
ber when you do the first mental divi-
sion by 7. Thus if the multiplier were
123,456, you would, in your mind, di-
vide 123,456,000,123,456 by 7. While
you are writing the answer you are of
course secretly looking at the multiplier
and performing the mental division.

The number 142,857,143 was well
known to the great stage calculators.
One of the last of them to give vaudeville
performances in the U.S. was Arthur F.
Griffith, who died in 1911 at the age
of 31. He billed himself as “Marvelous
Griffith” and had the reputation of being
able to multiply two nine-digit numbers
in less than half a minute. When I first
read that, I became suspicious. Some
digging at the library turned up an eye-
witness account of his performance in
1904 before a group of students and
faculty members at the University of
Indiana. Griffith, the account says,
wrote the number 142,857,143 on the
blackboard. A professor was asked to
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Keys and mnemonic aids for calendar trick

put a nine-digit multiplier below it. As
soon as he started to write it, from left
to right, Marvelous Griffith began to
write the product from left to right.
“The student audience,” the account
continues, “rose with a shout.” Griffith
wrote a small book about his methods,
The Easy and Speedy Reckoner (pub-
lished in Goshen, Ind., in 1901), but it
says nothing about 142,857,143.

There is one danger in using 142,-
857,143. If the multiplier happens to be
evenly divisible by 7, the product “stut-
ters”; that is, a series of numbers will
be repeated in the answer and that will
arouse suspicion. To avoid a stutter,
Wallace Lee, a magician who has in-
vented many excellent mathematical
tricks, devised the magic number 2,857 -
143. (It is the other number with its
first two digits removed.) Ask for a
seven-digit multiplier in which each
digit is not less than 5. This, you ex-
plain, is to make the problem more diffi-
cult; actually it simplifies the procedure.
The method is the same as before except
that the entire multiplier must be dou-
bled before you make the first division
by 7. If all the digits are greater than 4,
the doubling can be done in your head
as you go along, digit by digit, in the
following manner.

Assume that the multiplier is 8,965,-
797. Double the first digit, 8, and add
1, making 17. Seven goes into 17 twice,
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so you write 2 as the first digit of the
answer, keeping the remainder, 3, in
mind. Double the next number, 9, and
add 1, making 19. Discard the first digit
and substitute the 3 that was the pre-
vious remainder, making 39. Seven goes
into 39 five times, so write 5 as the
second digit of the answer, keeping the
remainder, 4, in mind. Double the next
number, 6, and add 1, making 13. Sub-
stitute 4 for the 1, making 43. Seven
goes into 43 six times, so write 6 as the
third digit of the answer and keep the
remainder, 1, in mind. Double the next
digit, 5, and add 1, making 11. Substi-
tuting 1 for 1 leaves the same number,
11, so you divide 11 by 7, getting 1 as
the fourth digit of the answer and a
remainder of 4 to keep in mind. Con-
tinue in this way until you reach the
end of 8,965,797. When you double the
last digit, 7, do not add 1. The 2 that
is the final remainder is carried back to
the beginning to go in front of the 8.
Now divide 8,965,797 by 7 in the or-
dinary manner, without doubling. The
final result, 25,616,564,137,971, is the
desired product.

The doubling procedure used for the
first division is not difficult to master.
The product is guaranteed not to stutter
and the trick’s modus operandi is much
harder for the uninitiated to discover.
Like the previous magic number, this
one can be multiplied by smaller num-
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bers if you mentally add zeros to the
multiplier.

Both tricks have such gargantuan
products that unless an adequate desk
calculator is available it is hard to get
quick confirmation of your results. There
are many smaller magic numbers, how-
ever, that work essentially the same
way. For example, the product of 143
and abc is obtained by dividing abc
through twice by 7 and hoping that the
quotient does not stutter. The product
of 1,667 and abc is obtained by adding
a zero to abc and dividing through by
6, halving the remainder, if any (the
remainder will be either 0, 2 or 4),
carrying it back to the beginning and
dividing abc by 3. This is very easy
to do in your head, the result will not
stutter and spectators can check the an-
swer without a machine—all of which
makes it a capital impromptu trick to
perform for friends.

The only reference I know to magic
numbers of this type is in a privately
printed work by Wallace Lee called
Math Miracles, a book that contains
many entertaining feats of lightning cal-
culation. (The book can be obtained by
sending $3 to the author at 505 Eliza-
beth Street, Durham, N.C. 27701.) As
a pleasant exercise in number theory
the reader is asked to determine, before
the answers appear next month, how the
four magic numbers I have given were
obtained and why they work the way
they do.

In another impressive lightning-calcu-
lation feat you ask someone to cube any
number from 1 to 100 and give you the
result; you quickly name the cube root.
To perform this trick it is necessary to
memorize only the cubes of numbers 1
through 10 [see illustration on page
136]. Note that each cube ends in a dif-
ferent digit. (This is not true of squares,
which explains why cube-root extraction
is much easier for a calculator than
square-root extraction.) The final digit
matches the cube root in every case ex-
cept 2, 3, 7 and 8. Those four exceptions
are easily recalled because in each case
the cube root and the final digit of the
cube add to 10.

Suppose someone calls out the cube
658,503. Discard in your mind the last
three digits and consider only what is
left, 658. It lies between the cubes of
8 and 9. Pick the lower of the two, 8,
and call out 8 as the first digit of the
answer. The terminal digit of 658,503
is 3, so you know immediately that the
second digit of the cube root is 7. Call
out 7. The cube root is 87.

Stage calculators often followed this



trick by asking for fifth powers of num-
bers. This seems even harder than giv-
ing cube roots but in fact is both easier
and faster. The reason is that the last
digit of any fifth power of an integer
always matches the last digit of the
integer. Again, it is necessary to memo-
rize a table [see illustration on page
136]. Suppose someone calls out 8,587-
340,257. As soon as you hear “eight
billion” you know that it lies between
the ninth and the 10th number on the
chart. Pick the lower number, 9. Ignore
everything he says until he reaches the
last digit, 7, at which point you instant-
ly say 97. It is wise not to repeat this
more than two or three times because
it soon becomes obvious that final digits
always match. The professional calcu-
lators worked with cubes and fifth
powers of much larger numbers, by ex-
tensions of the systems given here, but I
am limiting the explanation to the sim-
pler two-digit roots.

The calendar trick—naming the day
of the week for any date called out—was
also featured by most of the great stage
calculators. To perform it one must
commit to memory the table shown on
the opposite page, in which a digit is as-
sociated with each month. Initial memo-
rization can be aided by the mnemonic

cues on the right, proposed by Wallace |

Lee in his book.

To calculate the day of the week in
your head the following four-step pro-
cedure is used:

1. Consider the last two digits of the
year as a single number. Divide it men-
tally by 12 and keep the remainder in
mind. You now must add three small
numbers: the number of dozens, the re-
mainder and the number of times 4 goes
into the remainder. Example: 1910.
Twelve goes into 10 no times, with a
remainder of 10. Four goes into this re-
mainder two times. 0 4+ 10 4+ 2 = 12. If
the final result is equal to or greater
than 7, divide by 7 and remember only
what is left. In the example given here,
12 divided by 7 has a remainder of 5,
so only 5 is retained in the mind. Hence-
forth this procedure will be called “cast-
ing out 7’s.” (A mathematician would
say he was using “modulo 7” arithmetic.)

2. To the result of the preceding step
add the month’s key number. If pos-
sible, cast out 7’s.

3. To the preceding result add the
day of the month. Cast out 7’s if pos-
sible. The resulting digit gives the day
of the week, counting Saturday as 0,
Sunday as 1, Monday as 2 and so on to
Iriday as 6.

4. If the year is a leap year and the
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Why not Venus en route to Mars?

Is there a penalty we must
pay in total trip time to get a
look at Venus en route to
Mars ?

Or can fuel savings be real-
ized by this mission mode?

Among the advanced inter-
planetary missions being in-
vestigated at Bellcomm is a
Venus swingby mission to
Mars. Many more interplane-
tary as well as lunar and earth
orbital missions will be studied
as part of our assignment for
NASA's Office of Manned
Space Flight.

And many more specialists
are needed in all technical dis-
ciplines bearing on analysis

L1}
—

—

of planetary missions—flight
mechanics, guidance and
navigation, communications,
bioastronautics, propulsion
and power systems. Bellcomm
also needs aeronautical and
mechanical engineers broadly
experienced in vehicle sys-
tems or mission planning.

If you are interested and
qualified, Bellcomm offers
rewarding opportunities. Send
your résumé in confidence to
Mr. N. W. Smusyn, Personnel
Director, Bellcomm, Inc.,
Room 1504-M, 1100 17th St,,
N.W., Washington, D.C. 20036.
Bellcomm is an equal oppor-
tunity employer.

Bellcomm, Inc.

v A Bell System Company
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We're going to give Jupiter, Saturn,
Uranus and Neptune the run-around

At JPL, we're working on a matter
of gravity. We've discovered how to
harness the “three-body effect” to help
us in space flight, (i.e., a moving plane-
tary gravitational field can change the
heliocentric trajectory of another body.)
This effect will take JPL's Project Grand
Tour...from Earth...around Jupiter...to
Saturn...around Uranus...to Neptune...
to completion in the 1970's.

The additional speed which the
spacecraft would pick up as it rounds
the planets can so speed up the process

of flight that a flight including this bil-
liard effect could reach all four planets
in 8.9 years; whereas a normal direct
flight to Neptune would take 30 years.
Project Grand Tour is typical of the am-
bitious missions that are pending. We've
soft-landed on the Moon, flown by Venus
and Mars . .. and now we're serving
notice on the rest of the Solar System.
Neptune may be a nice place to visit,
but it takes teamwork to get there. And
the JPL Team is looking for scientists and
engineers who look to the future.

If you're our man, you'll work with
some of America's finest minds in space
exploration, while living in Southern
California...where people like you are
making things happen. Remember, at JPL
... the sky's not the limit. Airmail your
resume in confidence to Mr. Wallace
Peterson, Supervisor, Employment.

JET PROPULSION

Uil

LABORATORY

48020ak Grove Dr., Pasadena, Calif.91103
Attention: Professional Staffing Dept. §

“An equal opportunity employer.” Jet Propulsion Laboratory is operated by the California Institute of Technology for the National Aeronautics and Space Administration.
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Grand Openings
in JPL’s Systems
Division for:

—Celestial mechanics and research.

—Missionanalysis,design,and evaluation.

—Intersystem analysis and integration in-
volving launch vehicle, tracking and data

acquisition, spacecraft systems and space

flight.

—Trajectory and maneuver analysis and
design; radio guidance, including orbit
determination and accuracy analysis.

—Planning and direction of space flight
operations, including the gathering of
tracking, engineering, and scientific data;
the processing and display of information;
and the command and control of the
spacecraft.

—Operation of the DSN in the following
areas: System analysis and design; design
development and operation of the SFOF;
systemdesign, specification, and operation
of the interstation ground communication
network; data monitoring and validation.

—Systemdesign, selection, and operation
of digital and analog computers for gen-
eral purpose technical applications.

—Computer programming and numerical

analysis.

—Design, development and operation of
a general purpose data analysis facility.

All openings require BS or MS in Engi-
neering, Science or Mathematics. MS
preferred, BS with suitable experience

considered.

Airmail your resume in confidence to
Mr. Wallace Peterson, Supervisor,
Employment.

JET PROPULSION LABORATORY
4802 Oak Grove Dr., Pasadena, Calif. 91103
Attention: Professional Staffing Department 5
“*An equal opportunity employer.’* Jet Propulsion Labora-

tory is operated by the California Institute of Technology
for the National Aeronautics and Space Administration.

month is January or February, go back
one day from the final result.

The first step automatically alerts you
to leap years. Leap years are multiples
of 4 and any number is a multiple of 4
if its last two digits are. Therefore if
there is no remainder when you divide
by 12, or none when you make the divi-
sion by 4, you know it is a leap year.
(Bear in mind, however, that in the
present Gregorian calendar system 1800
and 1900, although multiples of 4, are
not leap years, whereas 2000 is. The
reason is that the Gregorian calendar
provides that a year ending in two zeros
is a leap year only if it is evenly divisible
by 400.)

The procedure just explained is re-
stricted to dates in the 1900’s, but only
trivial final adjustments need to be
made for dates in other centuries. For
the 1800’s go two days forward in the
week. For the 2000’s go one day back.
It is best not to allow dates earlier than
the 1800’s because of confusion involv-
ing the shift that took place in England
and the American colonies on Septem-
ber 14, 1752, from the Julian to the
Gregorian calendar. Julius Caesar had
used a year of 365.25 days, with a day
added in February every fourth year to
compensate for that excess fraction of
one-fourth. Unfortunately the year has
only 365.2422+ days, so with the pas-
sage of centuries the leap years over-
compensated and a sizable error of
excess days accumulated. To prevent
February from overtaking Easter (which
depends on the vernal equinox) Pope
Gregory XIII authorized the dropping
of 10 days and the adoption of a calen-
dar with fewer leap years. This was
done throughout most of Europe in
1582, but in the English-speaking world
the change was not made until 1752.
The day after September 2 was called
September 14, which explains why
George Washington’s birthday is now
celebrated on February 22 instead of
February 11, the actual date (Old Style)
on which he was born. For dates in the
1700’s, after the 1752 changeover, go
forward four days in the week.

An example will make the procedure
clear. Suppose you are informed that
someone in the audience was born on
July 28, 1929. What was the day of the
week? Your mental calculations are as
follows:

1. The 29 of 1929 contains two 12’s,
with a remainder of 5. Four goes once
into 5. 245+ 1 =28. Casting out 7’s
reduces this to 1.

2. The key for July is 0, so nothing
is added. The 1 is kept in mind.
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3. The day of the month, 28, is added
to 1. Cast out 7’s from 29. The remain-
der is 1. Your subject was born on Sun-
day. (In actual practice this last step
can be simplified by recognizing that 28
equals zero, modulo 7, so that there is
nothing to add to the previous 1.)

The fourth step is omitted because
1929 is not a leap year. Even if it were,
the step would still be left out because
the month is not January or February,
the only months for which leap year ad-
justments must be made.

From time to time “idiot savants” get
into the news by exhibiting an ability to
perform this trick. A recent case of
calendar-calculating twins with 1.Q.’s
in the 60-to-80 range was studied by
psychiatrists and reported in Scientific
American [see “Science and the Citi-
zen,” August, 1965]. It seems unlikely
that any mysterious ability is operating
in such cases. If the idiot savant takes a
long time to give the day, he has prob-
ably memorized the first days of each
year, over a wide range, and is simply
counting forward in his mind from those
key days to the given date. If he gives
the day rapidly, he has probably been
taught a method similar to the one I have
described, or has come across it in a book
or magazine.

Many methods for calculating the day
of the week mentally were published
late in the 19th century, but I have
found none earlier than a method in-
vented by Lewis Carroll and explained
by him in Nature (Vol. 35, March 31,
1887, page 517). The method is essen-
tially the same as the one described
here. “I am not a rapid computer my-
self,” Carroll wrote, “and as I find my
average time for doing any such ques-
tion is about 20 seconds, I have little
doubt that a rapid computer would not
need 15.”

The 10-soldier puzzle in the March col-

lection of short problems prompted
many interesting letters from readers. (It
was this puzzle, incidentally, that I had
in mind when I wrote that the “last”
problem was a combinatorial one and
the most difficult of the lot. A rearrange-
ment in the order of the eight problems
made it the last but one.) For generaliza-
tions and extensions of the problem see
two articles: “Monotonic Subsequences,”
by J. B. Kruskal, Jr., in Proceedings of
the American Mathematical Society,
Vol. 4 (1953), pages 264-274, and
“Longest Increasing and Decreasing
Subsequences,” by Craige Schensted, in
Canadian Journal of Mathematics, Vol.
13 (1961), pages 179-191.
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Conducted by C. L. Stong

shown that dogs are easier to train

than pigeons and pigeons easier than
frogs. Similarly, frogs exhibit more in-
telligence than fish. How far down the
evolutionary ladder can one go before
the line thins out between intelligent
behavior, judged by an animal’s capac-
ity to learn from experience, and in-
stinctive reaction?

Several experiments have been de-
vised for investigating this question.
One that amateurs can perform easily
is designed to measure the learning re-
sponse of invertebrates. The procedure
is described by John Frost, a graduate
student at California State College at
Fullerton, as follows:

“An interesting specimen to use for
observing learning behavior in inverte-
brates is the common sow bug, Porcellio
lacvia. These organisms live in moist
places almost everywhere. The adult is
about half an inch long. The body con-
sists of seven free segments, each of
which bears a pair of legs.

“The animal has no effective biologi-
cal mechanism for preventing the evap-
oration of water from its body. In order
to survive it must avoid the drying effect
of direct sunlight. Hence it has learned

Investigations of animal behavior have

side

Views of a sow bug
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How to study learning in the sow bug

and photograph tiny live crustaceans

to shun light. The experimenter can
take advantage of this characteristic to
train the bugs, causing each to run a
simple maze in a direction contrary to
the path preferred by the bug before
training.

“Sow bugs can be found under rocks
and logs. The insects may be scarce in
winter and when the weather is hot and
dry. In cities they tend to congregate
during all seasons in the damp cellars
of apartment buildings under wooden
boxes and the like. If search is unsuc-
cessful, try making a trap by hollowing
out a potato and placing it under a tree
or shrub. Cover the potato with a few
leaves and come back after 48 hours.
The trap will usually contain several
lively specimens. I do not recommend
the potato trap for indoor use because
it may attract some less desirable or-
ganisms. Sow bugs run when they are
frightened, which is exactly what one
wants them to do in the maze. They
may faint when severely frightened, but
they soon recover and scurry off.

“Captured sow bugs can be main-
tained indefinitely in a culture chamber
improvised from a one-pound coffee can
or a similar container [see illustration on
opposite page]. Half-fill the can with a
mixture consisting of one part of sand
by volume to two parts of leaf mold.
On this surface place a peeled raw po-
tato and a damp sponge of about the
same size. Replace the potato and
moisten the sponge every two or three
days. The container should be closed by
a perforated cover.

“Specimens must be kept in individ-
ual chambers during training. These
chambers can consist of test tubes half-
filled with peat moss or leaf mold cov-
ered with a piece of paper toweling
[sce top illustration on page 144]. A
sliver of fresh potato is placed on the
toweling along with the bug. The con-
tainers are loosely plugged with tufts
of damp absorbent cotton and labeled
so that the bug can be distinguished
from others. Replace the potato as nec-
essary and keep the cotton moist.

“The maze in which the bugs are
trained consists of a simple T, made by
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cementing cardboard partitions in a box
of clear plastic [see bottom illustration
on page 144]. The box should be about
three inches wide, 4% inches long and
5/8 inch deep. The passages should
be made about 3/8 inch wide. Rec-
tangular openings that match the cross-
sectional area of the passages are cut in
the walls of the box at the base of the T
and at each end of the crossarm. Two
blocks of wood that make a loose fit with
the openings must be provided for clos-
ing either or both openings of the cross-
arm.

“The experiment is divided into two
phases. First, determine and record the
natural turning preference of each bug.
Most sow bugs will take a preferred
path through the maze. Having crawled
up the leg of the T, some will habitually
turn into the right portion of the cross-
arm and others into the left. Some will
show no preference. During the second
phase of the experiment the bugs are
trained to turn in the direction contrary
to their natural preference.

“Begin the experiment by transferring
five or six specimens from the culture
chamber to labeled individual chambers.
Then remove a bug from a selected con-
tainer and, holding it lightly between
your thumb and forefinger, let it crawl
from your fingertip into the base of the
T. Record the direction of the turn,
right or left. The bugs can tolerate only
about 10 runs a day without suflering
ill effects. For this reason the 20 runs
needed to establish a reliable estimate
of turning preference should span two
days.

“Training is then accomplished by
running each specimen through the
course and punishing ‘wrong’ behavior.
Each time a bug makes a turn in the
direction it naturally prefers, immediate-
ly plug all exits with wood blocks and
hold a 100-watt incandescent light close
to the top of the passageway for about
20 seconds. When the bug turns in the
direction opposite to its natural prefer-
ence, plug the exit of the runway for 20
seconds but do not expose the animal to
the punishing light.

“The training runs must be spaced at



least five minutes apart. Between runs
return the subjects to their individual
quarters to ‘think it over.” The experi-
menter can conserve his time by training
a number of animals sequentially. This
practice also tends to increase the re-
liability of the experimental results and
to minimize the statistical effect of the
occasional specimen that does not sur-
vive the training experience.

“The training period should normally
take three to 10 days, depending on
how quickly the individual learns. The
bugs should be subjected to no more
than 10 training runs a day. At the con-
clusion of the training phase nine con-
secutive correct turns can be taken as
evidence that the bug has learned. A
correct turn is defined as one made in
the direction opposite to the bug’s nat-
ural preference as determined by the
first phase of the experiment. Statistical-
ly it can be shown that nine consecutive
correct turns will occur by chance only
once in 100 runs.

“The procedure can be varied. For
example, the omission of the bright light
following a correct turn can be con-
sidered a reward. The leg of the T is
lighted brightly until the bug reaches
the crossarm; the light is removed if a
correct turn is made. The desired be-
havior can be further reinforced by dark-
ening the passage when the correct
turn has been made.

“Much serious work has been done in
recent years on the turning behavior of
sow bugs as well as on the learning
ability of cockroaches and box-elder
bugs. The objective has been to clarify
the role of reward and punishment in
training procedures. I am certain that
amateurs who repeat and extend the
experiments will be surprised to find
evidence of intelligent behavior so low
on the scale of evolution. They will also
have the satisfaction of exploring animal
behavior by means of experimental pro-
cedures that do not injure the organism.”

Pete Rowe of Los Altos, Calif., is an-
other amateur who enjoys working
with small animals. His interest is in
freshwater crustaceans and particularly
in the physiology of the organisms, in-
cluding their mechanisms of locomotion.
These features are not easy to observe
even under a microscope because most
such crustaceans are largely transparent
and their appendages move too fast to
be seen by eye. For this reason Rowe
worked out a procedure for recording
the anatomical details of live crustaceans
by high-speed photomicrography. The
equipment he uses is available at prices
most amateurs will find reasonable.

about a dozen holes in plastic cover

by volume — one part sand,two parts leaf mold

John Frost’s container for maintaining the bugs

“In principle,” Rowe writes, “the pro-
cedure of making a clear black-and-
white photograph through the micro-
scope differs only in detail from that
of making a picture with a conventional
camera. The subject should be clean,
posed against an uncluttered back-
ground and properly lighted. The photo-
graphic emulsion should be capable of
recording the full scale of gray tones
present in the subject without display-
ing a grainy texture. The exposure
should be sufficiently short to record an
unblurred image.

“It is possible to make reasonably
good photomicrographs with a fixed-
focus camera, such as the inexpensive
box type, if the subject is adequately
lighted and the camera is supported rig-
idly above the eyepiece of the micro-
scope. The front surface of the camera
lens should be placed at, or very near,
the point at which the rays from the
eyepiece of the microscope converge.
That point is called the eyepoint or the
Ramsden disk. It can be located by
focusing the microscope on an object,
placing a screen of ground glass or
white tissue paper over the eyepiece
and moving the screen up and down
until the disk of light that appears on
the screen reaches minimum diameter.
In eyepieces of conventional design the
position of the Ramsden disk varies be-
tween 1/4 inch and 1/2 inch above the
top surface of the upper lens.

“To make the photomicrograph place
the specimen on the stage of the in-
strument. With live crustaceans I make
the transfer by means of a pipette. Ad-
just the light for comfortable viewing
and bring the specimen to sharp focus
by eye. Center the camera over the eye-
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piece. Place the front surface of the
camera lens at the eyepoint, darken the
room and make the exposure. The cor-
rect interval of exposure must be de-
termined experimentally. The magnifi-
cation of the finished photograph, with
respect to the diameter of the specimen,
is equal to the visual magnification of
the microscope multiplied by the amount
by which the negative is enlarged dur-
ing the printing process and multiplied
again by the focal length of the camera
lens (in miillimeters) divided by 250.
The accompanying photomicrograph of
a female cyclops, which happened to be
carrying two sacs of eggs, was made by
this procedure [see top illustration on
page 147].

“My first photomicrographs, including
the one of the cyclops, were made with
an old Leitz monocular microscope
equipped with a condensing lens for
directing light through the specimen.
The light source was a photoflood bulb.
The exposure interval was controlled by
the shutter of the camera. The film was
Eastman Kodak Plus-X. Although the
35-millimeter camera I was using was
equipped with a lens-focusing mount, I
adjusted it for universal focus and so it
functioned like a box camera. The speed
of the shutter had to be kept below
1/100 second because of the limited
amount of light available from the photo-
flood bulb.

“During the brief exposure interval
of the cyclops photograph the animal
moved enough to blur the image. The
intestine appears as a fuzzy dark patch
and the image of one swimming ap-
pendage fades into the gray background.
The gray areas of the original print have
a granular texture. The area immediate-
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ly surrounding the organism also ap-
pears gritty. The shallow depth of field
makes the image appear out of focus.
“Granular texture can be caused by
excessive enlargement of the negative,
a small change in the temperature of the
solutions used for developing the nega-
tive or both. The shallow depth of field
was the result of admitting light to the
full aperture of the substage condensing
lens. The depth of the field can be in-
creased by closing the substage iris,
thereby reducing the angle of the cone
of rays that strikes the specimen. This
expedient, however, would reduce the
amount of light available for exposing
the film, necessitating an even longer
exposure and so aggravating the loss
of detail occasioned by the movement of
the specimen. The gritty appearance of

the area adjacent to the specimen turned
out to be a valid image: the organism
was dirty.

“In spite of these defects the photo-
graph disclosed several interesting de-
tails. Approximately 50 eggs can be
counted in the sides of the egg sacs that
face the camera. The total was perhaps
twice that number. The segmented
structure of the swimming appendages
at the rear of the animal is clearly
visible, as is the branching structure of
the large antennae in front.

“It was apparent that a light source
of more intensity would be required for
improving the depth of field and reduc-
ing the exposure interval. I therefore
bought an electronic flash lamp that de-
veloped a light output of 150,000 candle-
power during a flash interval of 1,/2,000
second. The flash tube was placed seven
inches from the mirror of the microscope
and covered with two sheets of white
tissue paper. A green filter was also in-
serted in the substage to reduce the
intensity of the light somewhat. The
diaphragm of the camera was set at f/8
to minimize light reflection within the
camera. (The setting of the diaphragm
has no effect on the exposure because
all light enters the camera through the
minute Ramsden disk located on the op-
tical axis of the lens.) The shutter was
adjusted for an interval of 1/500 sec-
ond. To prevent room light from reach-
ing the film I coupled the lens barrel
of the camera to the eyepiece with an
adapter ring. In addition I switched to
a camera fitted with an adapter for
using four-inch by five-inch film (Pola-
roid type 55 P/N film packets). These
packets deliver both a positive print

clear plastic box
about 3" x 4% x %"

T passages
33 wide

open]ng

(52
A

7 cardboard
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cemented
in place
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and a negative that is capable of record-
ing exceptionally fine detail.

“The results were most gratifying.
Resolution was substantially improved.
The problem of movement was solved
by the high-speed exposure, as is evi-
dent in the accompanying photograph
of a Daphnia, Simocephalus expinosus
[see top illustration on page 148]. Ob-
serve in particular the fine structural
features of the antennae.

“By the time I made this photograph
I was using a microscope of better opti-
cal quality than the one used initially.
Most of the improvement evident in the
photographic print, however, resulted
from the increased light, the shortened
exposure and the use of the fine-grain
photographic emulsion. With luck I
finally succeeded in making a photo-
graph of a daughter hydra breaking
away from its parent [see bottom illus-
tration on page 147]. Observe the cellu-
lar structure of the processes and the
clear line of cleavage between the par-
ent and the offspring.

“My most recent experiment consist-
ed in adding a 10l-millimeter, /4.5
Graflex Optar lens, complete with
diaphragm and shutter, to the standard
condenser lens of the microscope and
thoroughly washing the specimen before
making the picture. In addition I used
Eastman Panatomic-X film for the 35-
millimeter camera in place of Plus-X;
the former is slower and finer grained.
The new condenser improved the depth
of field about tenfold and also increased
the contrast substantially. The cleaning
procedure eliminated the foreign matter
in the vicinity of the organism that not
only imparted a granular texture to the
surrounding fluid but also distorted the
fine details of the specimen. Previously
organisms had been transferred directly
from the culture to the slide of the mi-
croscope by means of a pipette, which
also transfers a drop of culture fluid
containing bacteria and decaying matter
in suspension.

“To clean the specimens I used a
microculture slide in the form of a glass
plate containing 12 depressions, each
approximately one centimeter wide and
four millimeters deep. The depressions
were filled with distilled water at the
same temperature as the culture solu-
tion. The organism to be cleaned was
transferred to one of the depressions
and allowed to swim freely for about
20 seconds. It was then transferred by
means of a clean pipette to another of
the depressions for 20 seconds and so on
through the series of 12 baths. My next
procedure was to transfer the specimen
to a clean microscope slide, which I then



Mike Kausch keeps busy managing conceptual studies on

a variety of reentry vehicle programs. One recent

day he chaired a data review session, worked up a plan

for spending allocated funds, asked a technical

support group to study a potential trouble spot, and

read through contractors’ reports to prepare for a mutual
meeting. Mike has all the problems that technical
managers have everywhere: he must make tough decisions,
reconcile opposing viewpoints, fight the calendar,

race the clock. But he also has his reward:
he has a direct influence on the technical
advancement of some of our most urgent
defense programs. He’s a Member of
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This electron micrograph shows the fine h ification of 24,000 di; s. Paul D. Merica Laboratory of The International Nickel Company.
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Photomicrograph by Pete Rowe of cyclops with egg sacs

put in position on the stage of the micro-
scope.

“This procedure appeared to elimi-
nate about 95 percent of the foreign
matter. The accompanying photomicro-
graph [Dottom of next page] of a Daph-
nia so cleaned reveals many details not
previously recorded. For example, ob-
serve the bubbles that surround the
compound eye, the upper intestine, the
bristle-like processes on the second
branches of the antennae, the body cilia,
the thoracic leg stopped on its outward
stroke and, most interesting of all, the
texture of the shell of the body.

“I do not want to give the impression
that careful techniques can compensate
for a microscope of inferior optical qual-
ity. The quality of the recorded image
can be no better than that of the ob-
jective lens. Good objective lenses as
well as eyepieces are now available at
reasonable prices. They can be made to
work almost as well on an inexpensive
instrument as on one costing hundreds
of dollars. The quality of the camera
lens, on the other hand, is not so critical.
It takes a better eye than mine to dis-
tinguish between a photomicrograph re-
corded by a camera priced at $35 and
one by a camera that sells for $350.

“Where does the amateur who is in-
terested in small crustaceans get speci-
mens and how are they preserved? I
collect mine from a nearby creek. A pint
jar dipped anywhere along the stream
contains numerous algae, hydroids, free-
living copepods, ostracods and Daphnia.
Similar organisms will be found in most

freshwater brooks and pools of the U.S.,
particularly in late spring.

“Cultures can be maintained for some
time merely by placing a bit of mud
from the brook or pool in the bottom
of a five-liter flask, filling the flask with
water from the brook or pool and main-
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Aerospace Corporation performs
systems engineering and provides
technical direction for the U.S.
Government on military space and
missile programs.

GUIDANCE AND CONTROL Conduct
studies to evaluate the effectiveness of
alternative guidance approaches to
various ballistic systems. Analysis re-
lating weapon system errors to overall
missile accuracy. Develop and evaluate
guidance equations for advanced
weapon systems. Devise and evaluate
the flight control systems used during
the boost and free fall trajectories of
ballistic missiles. Develop and evaluate
navigation, guidance and control of re-
entry vehicles, specifically including
active and passive terminal guidance
systems.

WEAPON CONTROL Communication
system engineer/analyst to establish
and evaluate design requirements for
ground and air to ground communica-
tions systems for advanced ballistic
missile command and control systems.
Responsibilities include the definition
and determination of communication
system performance specifications and
the technical direction of funded
industry studies supporting the develop-
ment of command and control systems.

COMMAND AND CONTROL COMMU-
NICATIONS Determine communication
modes and equipments needed to meet
ballistic missile command and control
requirements. Responsibilities include
the analysis of equipment performance
in hostile environments leading to the
definition and subsequent technical
direction of advanced development pro-
grams. Technical direction on major
missile programs will also be performed.

SYSTEMS DESIGN Develop conceptual
and preliminary designs of booster and
re-entry vehicles. Integrate study re-
sults from solid mechanics, fluid me-
chanics, propulsion and reliability into
a composite design. Perform design
studies and analysis in specialized areas,
such as recovery systems, decoys, and
other penetration aids.

If you have an advanced degree and
a minimum of five years experience.
contact Aerospace Corporation, an
equal opportunity employer. Write
T. B. Newburg

P.O. Box 249

San Bernardino, Calif.

®
THE AEROSPACE CORPORATION
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TRW

1s 60 years
of results

PEERRERARnanm
VEEREESEagam»
VENEREEEan A >

Look what we’'ve done
in the last twelve.

Since 1954, TRW Systems Group has
provided advanced technology for
USAF ballistic missile programs from
Thor and Atlas to the Minuteman II
ICBM. .. has built Pioneer, Explorer,
0GO and Vela satellites, and is build-
ing Intelsat lll for ComSat Corp. We've
developed low thrust rocket engines,
radar systems and inertial guidance
systems. Our interests also include
urban development, underwater
defense, advanced space probes and
fundamental research.

We need people now to help us get
things done tomorrow. Drop a line
(and a resume) today to James G.
Lacy, Professional Placement, Dept.
151-E, TRW Systems Group, One
Space Park, Redondo Beach, Califor-
nia 90278. TRW is an equal cpportu-
nity employer.

We need men and women in:

Computer Sciences/Analytical
Research / Chemistry / Aerosciences
/ Information Systems / Communica-
tions / Digital Systems / Electronic
Warfare / Product Engineering / Aero-
space Ground Equipment / Guidance
& Control / Sensor Systems / Micro-
electronics/Manufacturing Engineer-
ing / Electric Power / Administration
| Space Vehicle Design / Mechanical
Engineering/Product Assurance/Inte-
gration & Test/Systems Engineering.

TRW

TRW (formerly Thompson Ramo Wooldridge) is
60,000 people at 200 locations around the world,
who are applying advanced technology in space,
defense, automotive, aircraft, electronics and
industrial markets.
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A young Daphnia

taining the temperature. I am experi-
menting with a prepared culture in
which Daphnia are fed bacteria. The
bacteria, Bacillus cereus, are cultured on
yeast extract procured from Difco Lab-
oratories Inc., 920 Henry Street, De-
troit, Mich. 48201. The solution consists
of 250 milligrams of yeast extract in one
liter of water. The mixture is sterilized
in an autoclave, or pressure cooker, at
15 pounds for 15 minutes. When the
solution has cooled to room tempera-

ture, it is inoculated with bacteria. The
crustaceans are added the next day.

“As I write I have kept an adult fe-
male Daphnia in this medium for two
weeks. The organism appears likely to
have a normal span of life. T shall be
pleased to communicate with anyone in-
terested in the outcome of this experi-
ment and others that can be done with
small crustaceans. My address is 24012
Country Club Drive, Los Altos, Calif.
94022.”

High-speed photomicrograph of a cleaned Daphnia
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“Sure they save
money, but
[ wouldn’t take a
ong trip imnone.”

Most people won’t really go
anywhere in small foreign cars if
they can helpit.

They're supposed to be easy
on the wallet, butnot too easyonany-
thing else.

They have hard seats, noisy en-
gines, and slightly punishing suspen-
sion. After a couple of hours from
{mfme, you start wishing you hadn’t
eft.

Well,we’renot goingtotellyou
the Renault 10 rides like a scenic
cruiser. It doesn’t.

Only it isn’t the little torture
chamber you think all foreign cars
are, either.

Theseatsinthe Renault 10, for
instance, are so comfortable one
criticsaid they hold their owninsuch
augustcompany asthe Bentley Con-
tglental and the Rolls. Think about
that.

Andsinceyou’d even get tired
of your favorite armchair on a long
trip, the front seats are made so you

can tilt them forward and back. (In-

cluding all the way back if you want
to pull over and snooze awhile.)

There are a few other things

about the Renault 10 that help make
long trips feel shorter:

A healthy luggage compart-
ment under the front hood that
won’t force you to live out of an
overnight bag.

A sealed liquid cooling system
that will not boil or freeze or roar at
you.

Disc brakes and independent
suspension on all four wheels.

A little furnace of a heater.

A rear-mounted, five-main-

bearingenginethat eatsupthemiles
(over 80 mph), but won’t eat up the
gas (an honest 35 mpg).

And finally, adjustable vents
on the dash which direct a breeze on
your face without giving you wind-
burn. (Don't laugh. The bigger the
trip the more the little things count.)

The price for these comforts,
all of them standard equipment, isa
measly $1647*

Which is quite R
a comfort in itself,

The Renault 10

*East and Gulf Coast P.0.E. Slightly higher on West Coast. Whitewallsand AUTOMATIC TRANSMISSION optional.
For nearest dealer or information on overseas delivery, write Renault, Inc., Box12, 750 Third Ave.,, NYC 10017
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Bendix is the kind
of company

that has designs
on your future.

Working ahead—a day or a decade—comes naturally
to Bendix. It’s the scientific/technical nature of our busi-
ness. What's coming tomorrow? Look at what Bendix
is doing today—in aerospace, electronics, oceanics,
automotive and automation. You’'ll see for yourself

Managing a moonport. Under National Aeronautics and
Space Administration contract, nearly 2,000 Bendix people at
Kennedy Space Center are working to send U.S. astronauts to the
moon. They operate and maintain key systems in everything from

why we say the heart of our business is creating new
ideas and developing them to maximum usefulness—
whether we're serving as creative engineers . . . basic
manufacturers . . . or professional problem-solvers for
industry and government.

the 52-story Vehicle Assembly Building (world’s largest) to the
gigantic 6,000,000-pound transporter, above, that carries both
the assembled Apollo/Saturn V vehicle and its 445-foot-high
Mobile Launcher to the launch pad.
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Driving brakes to the breaking point. we do it all
the time so you’'ll never have to. This brake testing equipment
duplicates actual road conditions in the laboratory—allows us
to develop brakes for cars still on the drawing boards.

Making waves to find oil. Bendix scientists
analyze seismic waves produced by explosive
charges to help find new mineral and petroleum
deposits under the ocean floor.

Giving machines the ability to learn. This
Bendix Neurotron device, designed for the Bionics Branch
of the Air Force, can be trained to perform certain recog-
nition or control functions. Someday, similar machines
may forecast weather, control spacecraft or read mail.

]

Short-cutting checkout costs. The new
Bendix 133 Central Controller automatically
checks out aircraft, missile and space systems in
hours instead of days. The 133 is designed for
checkout operations right into the next decade.

Bendix

The Bendix Corporation/Fisher Bldg /Detroit, Michigan 48202

Where ideas unlock the future
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_Introducing the
point-and-shoot Bolex




$250* worth of camera
for people who don’t want to
know from cameras.

You can easily find an easy-to-operate
Super 8 camera for less than $250. But the
point-and-shoot Bolex gives you a kind of
simplicity only money can buy.

A simple little thing like the way you carry
the camera, for example. Hanging from your
neck on a unique ‘“saxophone strap,” in-
stead of dangling precariously from your
wrist or bumping around in a case slung
over your shoulder.

Or like loading it. One hand is all you
need to flip the film chamber open and
closed and drop the filmin.

Or our exclusive straight-through-the
lens viewing. You can see exactly what
you're shooting, framed and lit just the way
it will appear on the screen. With your eye
resting against a comfortable, adjustable
rubber eye-piece.

Or the Bolex zoom lens that lets you for-
getyou can never remember anything about

A choice of simple sound or
simpler silent projection.

If projecting your film on a screen could
be called *“shooting,” the Bolex SM-8 and
18-5 could both be called point-and-shoot
projectors. They're that easy to operate.

With the Bolex SM-8, you can learn how to
put sound on your film in less than 10 min-
utes. (You can hear how well you did in-

f stops. (If any of your camera-bug friends
ask, it’'s /1.9, 3%2 to 1 zooming range, from
8.5 to 3omm with 17 different elements in it
and has fully-automatic through-the-lens
exposure control with a manual override.)

All you have to know is that you turn a
little knob and you can choose the size of
your subject, move in and out as fast or as
slow as you want without refocusing.

And then there’s our totally new camera
design. (The Bolex 150 Super is so perfectly
balanced, it even feels easier in your hand.)
And our electric motor drive that eliminates
winding. And all of our indicators that auto-
matically tell you when you’re out of film, if
you forgot to put film in, and how strong
your batteries are.

There is one slight inconvenience before
you can start pointing and shooting. You'll
have to go to your Bolex dealer and ask for
the point-and-shoot Bolex.

stantly.) With the 18-5 silent, you can be pro-
jecting your film faultlessly in no time.

And like our point-and-shoot camera,
both give you features only money can buy.

Automatic threading, not just through the
projector, but onto the take-up reel. Low-
temperature, low voltage lamp. A choice of
four lenses, assuring maximum brilliance.
An intermission light. Extremely silent oper-
ation. And two speeds (the normal 18 and
slow-motion 5 frames per second on the si-
lent projector, 18 and 24 fps on the sound.)

While you’re asking your dealer about the
point-and-shoot Bolex, ask him to show you
our projectors. There’s no obligation to buy
one of them with the camera.

But then, there’s no reason not to.

BOLE>X
Paillard, Incorporated, 1900 Lower Rd., Linden, New Jersey 07036.

*Established price in fair trade states. Subject to change without notice.
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Take any 3 books for only *4.95

when you enroll as a member of
THE LIBRARY OF SCIENCE

Choose from this group of important and
authoritative books on every major area of science.

6314. MODERN SCIENCE AND TECHNOLOGY. Edited by Robert
Colborn. A wide-ranging, 746-page reference on current develop-
ments and achievements in physics, mathematics, computer tech-
g(z)lzogy, etc.—by leaders in each field. 584 illustrations. List Price

6258. METHODS OF APPLIED MATHEMATICS. Francis B. Hilde-
brand. Revised edition of the acclaimed work on matrices and
linear equations, calculus of variations, etc. List Price $14.00.

6395. NATURE OF THE CHEMICAL BOND. Linus Pauling. The
Nobel Prize winner’s brilliant presentation of the nature of modern
structural chemistry. List Price $11.50.

5770. THE LANGUAGE OF LIFE/THE BIOCHEMICAL APPROACH
TO LIFE. Nobel Laureate George W. Beadle and his wife Muriel
lucidly explain the ‘“‘exploding” science of genetics. Plus F. R.
Jevons' stimulating overview of biochemistry. (Two books count
as one choice) List Price for the Set $11.90.

4428. ELECTRONICS FOR SCIENTISTS. Malmstadt, Enke and
Toren. Gives those with little or no background in electronics a
working knowledge of electronic devices and circuits. List Price

$11.95

5390. THE HUMAN BODY. Sigmund Grollinan. Systematic, sharply
focused analysis of how the human body is constructed and how it
works. Over 300 illustrations. List Price $8.50.

6105. MATHEMATICS DICTIONARY. Edited by Glenn and R. C.
James. Defines over 7,000 math terms, concepts and relationships.
List Price $15.00.

6401. NIELS BOHR: THE MAN, HIS SCIENCE AND THE WORLD
THEY CHANGED. Ruth Moore. First full-length biography of the
distinguished scientist who helped to launch the atomic age. List
Price $6.95.

3262. THE AMATEUR ARCHAEOLOGIST’S HANDBOOK. Maurice
Robbins. Comprehensive guide for ‘“‘beginning diggers,” covering
every aspect of archaeology. List Price $6.95.

3609. BETTER REPORT WRITING. Willis H. Waldo. Step-by-step
guide to scientific writing: how to prepare lucid technical articles.
List Price $10.00.

6036. MAN’S PLACE IN THE DYBOSPHERE. Richard R. Landers.
Fascinating exploration of the dybosphere, the realm of artificially
created things which behave in a lifelike manner. List Price $5.95.

3257. ALBERT EINSTEIN AND THE COSMIC WORLD ORDER/
CONTEMPORARY PHYSICS. Cornelius Lanczos’ lucid evaluation of
Einstein's work. P/us David Park’s stunning account of how our
current view of the physical world has evolved. (Two books count
as one choice) List Price for the Set $8.90.

4320. THE EARTH. Carl O. Dunbar. The dean of American geolo-
gists reviews all that we know about the development of the earth
and the perennial mystery of its origins. List Price $12.50.

6083. MATHEMATICS FOR THE PHYSICAL SCIENCES. Herbert S.
Wilf. Unique integration of seven major mathematical disciplines

that bear directly upon central problems in the physical sciences.
List Price $7.95.

Membership Application

To: The Library of Science
Front & Brown Sts., Riverside, N.J. 08075

Please enroll me as a member and send the
3 Selections circled below, for which you will
bill me only $4.95 plus shipping. As a mem-
ber, I need accept as few as 3 more Selections
during the next 12 months, always at reduced
Member’s Prices plus shipping, and I may
cancel membership any time thereafter. Each
month I will receive information describing
the forthcoming Selection, along with a con-
venient form for requesting Alternate Selec-
tions or no book at all. I also understand that
1 may choose a free Bonus Book for every
four Selections purchased. (Introductory Of-
fer counts as first Selection.)

5595 6314 6258 6395 5770
4428 5390 6105 6401 3262

(values as high as $62.50)

‘"Tﬁmx.un‘

i
APPLIED

For example, you may select:

5595. INTERNATIONAL DICTIONARY OF
APPLIED MATHEMATICS. A massive refer-
ence covering the terms and methods of ap-
plication of mathematics to 32 fields of sci-
ence and engineering. Indices in German,
Russian, French, Spanish. 1177 oversize
pages; over 8,000 entries. List price $25.00

Check these advantages of membership:

v Introductory Offer. Accept any 3 books of your choice from among
the 15 outstanding titles described on this page. Choose from essential
volumes, even basic reference works, on mathematics, physics, computer
science, chemistry, every other major scientific field.

1 Substantial Savings. As a member, you save up to 40% on the books
you need in your professional library.

v Free Bonus Books. Every month you receive information about cur-
rent Selections. Yet you need only buy as few as 3 more Selections during
the next 12 months. And you receive a free Bonus Book of your choice

as your first Selection.)

3609 6036 3257 4320 6083

Why not enroll today? Fill in and return the Membership Application,
marking the 3 books you would like for only $4.95. Your books will be

I
i
i
!
¢
i
I
I
1
EF Sous : for every four Selections purchased. (The Introductory Offer counts
1
1
1
1
I
1
1
1

Name sent without delay—and you will begin to enjoy the benefits of member-
AT ship in this money-making program.

city The Library of Science
State——__Zip Code — Riverside, New Jersey 08075

Please be sure to insert correct zip code. LO10

© 1967 SCIENTIFIC AMERICAN, INC




by Robert M. Mengel

Tue OriGINAL WATER-COLOR PAINTINGS
BY JOHN JAMES AUDUBON FOR THE
Birps oF Axerica. Introduction by
Marshall B. Davidson. American Her-
itage Publishing Co., Inc. ($75).

everyone seems to think that John

James Audubon was born, came to
fame and died in the bluegrass country.
For me this presented special problems.
As a boy I drew and studied birds (habits
that have persisted into adult life). I was,
so to speak, treading on sacred ground.

In the eyes of my family I was a prod-
igy, and at the gatherings of our large
clan I would be exhibited with my latest
bird pictures. Fame was pleasant, but I
suffered mightily because it seemed im-
possible to communicate with an audi-
ence of adults whose ignorance of birds
was almost as complete as their adula-
tion of Audubon.

“Dear Bobby,” one or another of my
great-aunts would say, “you’ll be a sec-
ond Audubon!” I could never make them
understand that this was not my fondest
ambition, and my efforts only magnified
my churlishness in rejecting the highest
compliment they could offer.

It was even worse when I was shown
the cherished Audubon prints that hung
in the home of almost every relative and
family friend. “The feet are all wrong,” I
would blurt. Or “No bird could fly in
that position.” The subject was quickly
dropped. Thirty years later the feet are
just as wrong, and the bird still would
not be able to fly.

There are contradictions here. If Au-
dubon’s birds are technically inaccurate
(and virtually all of them are in some
way), why are they so successful? How
can such a seeming blunderer be thought
a great ornithologist by some ornitholo-
gists and a great artist by some artists,
yet also have detractors in both groups?
Why the enduring popularity of Audu-
bon’s birds among—one might say partic-

In Kentucky, where I grew up, nearly

BOOAS

How good are Audubon’s bird pictures

in the light of modern ornithology?

ularly among—people who have other-
wise shown no interest in birds? Why are
some of these same people unresponsive
to the many birds that have since been
drawn and painted with greater techni-
cal accuracy and a deeper understand-
ing of the subject than Audubon ever
achieved? Why are some ornithologists
unresponsive, if not openly hostile, to
whatever it is in Audubon that so excites
laymen?

Any attempt to answer these questions
must begin with the man, who cannot be
separated from his work. He was born
in 1785, the bastard son of Jean Audu-
bon (by a Mlle Rabine), in what is now
known as Haiti. His father, a French sea
captain, took him to France, where Mme
Audubon accepted him as a member of
the family. As a boy he was charming
but irresponsible, and strenuous efforts
to discipline and educate him had little
effect. His only visible talent seemed to
be drawing, especially drawing birds.

In 1803 he was sent to a farm (Mill
Grove) owned by his father near Phila-
delphia, where friends of the family
could try their hand. It didn’t work.
After a few years of hunting, fishing and
skating he impetuously married Lucy
Bakewell, the daughter of a neighbor,
and in 1808 they set off for the semifron-
tier in Kentucky. Audubon was to be a
storekeeper in partnership with one
Ferdinand Rozier.

That didn’t work either—how could it
with one partner regularly afield with
gun, dog and horse or else dancing and
fiddling into the night? Bankruptcy ar-
rived in 1819, and soon Audubon moved
to New Orleans, to the mystic Spanish
moss and silent swamps and grape-
tangled woodlands of the Creole South.
His drawing of birds, continued in Ken-
tucky, was intensified.

Here he lived for years, mostly sepa-
rated from Lucy and his young sons Vic-
tor and John, making a precarious living
as itinerant artist and tutor. He was con-
stantly redrawing and revising the con-
tents of a fattening portfolio, slowly de-
veloping the pictures that were to be the
basis of a career that was still only a
dream. The dream had formed in Louis-
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ville, where in 1810 he had met the great
Alexander Wilson and had seen that his
own crude birds were not so much worse
than those with which Wilson had
gained publication and fame with his
American Ornithology (nine volumes
published between 1808 and 1814).

Finally there came a critical moment,
an early version of “publish or perish.”
Audubon decided to publish. He went
East, seeking support diligently but in
vain. In 1826, as a final resort, he went
to England. Surprisingly he was an in-
stant success. Almost from the start he
found backers. The woodsman in buck-
skin, a nobody in Louisiana and Phila-
delphia, was a romantic sensation in
England.

Subscriptions were obtained. He
found a satisfactory London engraver,
Robert Havell. The work of publica-
tion began. Overnight the former bank-
rupt became salesman, promoter, busi-
ness manager, treasurer, bill collector,
publisher, artist and art director of an
immense undertaking.

In three years Havell had nearly run
out of work, so Audubon recrossed the
Atlantic (three times in all) in search of
more birds and more subscriptions. He
explored the wild south Atlantic coast;
the white beaches, mangrove flats and
emerald waters of the Florida Keys; the
bleak, rocky coasts of Maine and Labra-
dor. Lucy and his sons had rejoined him.

In 1838, the great work completed,
Audubon went back to America for the
last time. He had met and captivated the
great: Baron Cuvier, Sir Walter Scott,
Daniel Webster, President Jackson and
many more, and had obtained subscrip-
tions from most of them. Immediately
he set about publishing an American edi-
tion. To this end in 1843 he undertook
his last major journey, up the Missouri
almost to the wilderness of the Yellow-
stone. His American edition was com-
pleted in 1844. Then, with Rev. John
Bachman of South Carolina, he set about
producing the massive Quadrupeds of
North America. He had come a long way
from Mill Grove.

But in 1846, with surprising rapidity,
his tremendous energy failed. He died
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in 1851 in New York, in the only house
he had ever owned. Lucy, surviving him
by some years, gave art lessons to one
George Bird Grinnell, who founded
what was eventually to become the Na-
tional Audubon Society. Moreover, in
his last years Audubon had met and in-
spired the young Spencer F. Baird, a
great American naturalist of the late
19th century and the architect of Ameri-
can vertebrate zoology at the beginning
of the 20th.

What are the surviving, concrete re-
sults of Audubon’s immense effort? First
in importance is The Birds of America
(1827-1838), whose four giant volumes
of 39 by 29 inches are nearly the largest
and among the most elegant books ever
made. Their 435 hand-colored copper-
plate engravings display 1,065 figures of
birds, representing some 440 species of
the more than 750 now recorded for
North America, with appropriate plants
and backgrounds. Some 200 complete
sets were issued at about $1,000 each.
Perfect sets have recently commanded
upward of $70,000. Fragmentary sets
and broken copies account for the con-
siderable number of individual prints
in circulation. These have come to be
known as Audubon “originals.”

Although not impressive physically,
the Ornithological Biography of 1831-
1839 (five thick octavo volumes) is con-
ceptually inseparable from The Birds of
America, being the scientific text for its
plates. Edited by the capable Scottish
zoologist William MacGillivray (who
contributed pioneer accounts of internal
anatomy to it), it contains in addition to
the accounts of birds a number of in-
valuable essays on the early American
scene.

The “American” Birds of America
(seven octavo volumes, 1840-1844) com-
bines the text with much-reduced, litho-
graphed and markedly inferior versions
of the great plates. The new matter in
this work is restricted to its appendix
and 17 plates describing the finds made
on the upper Missouri. There were sev-
eral editions of the work in this form.

The last major item is Audubon’s orig-
inal drawings and paintings, of which
only those for the Birds are of prime con-
cern here. By happy circumstance all but
two or three of these have been pre-
served by the New-York Historical So-
ciety. This has made possible the publi-
cation of the book under review.

It is a curious thing that, in spite of
Audubon’s fame, never before has the
public—except those few (including me)
fortunate enough to view one of the
rare exhibitions of the originals them-
selves—been able to see what Audubon
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applied to paper with his own hands.
All previous reproductions have been
based on the Havell prints, and even if
one has had access to the great folios,
until now he has had no way of distin-
guishing Audubon the primary artist
from Havell the secondary one.

The publishers have done a good job.
Their two sumptuous volumes show the
paintings about quarter-size, faithfully
reproduced on fine paper with uniformly
perfect register. If they seem a little
weak in color and if they cannot provide
the impact or quite impart the textural
elegance of the huge originals, they are
nonetheless revealing. The pictures are
presented, of course, in their current
rather than in their original state (some
show the regrettable chemical deteriora-
tion of some of the strange combinations
of media Audubon risked), with all the
evidence of the vicissitudes that many of
them have endured. Plainly visible are
the notes Audubon scrawled on them
and the paste-overs and other devices of
correction sometimes employed. After an
informative introduction by Marshall B.
Davidson, a lucid commentary on the
plates by Edward H. Dwight discusses
valuable basic data provided by the
originals. Scholars will regret the lack of
documentation of some statements, but
this is a minor complaint. The books are
an indispensable acquisition for every
major library and serious student of Au-
dubon.

What, now that it is all before us,
does this body of evidence reveal? Let
us begin with the pictures.

First, Audubon, like nearly all painters
before the traumatic invention of the
camera, was attempting to state what he
conceived to be the truth (whether di-
rectly or allegorically is unimportant).
More precisely, he was trying to paint
birds that were “correct” in every detail,
and in a “correct” environment. We
know this from incontestable evidence,
for example his painstaking efforts to
mount dead birds in lifelike positions by
piercing them with wires, and his frantic
haste to paint some specimens before
the perishable colors faded.

He regularly failed in his main objec-
tive, sometimes badly. This should not
be surprising. Recall that he had little
training in draftsmanship, no predeces-
sors of equal stature, no binoculars and
no camera. Thus what he did right is all
the more impressive.

He had a superb feeling for texture
and a rare ability to render it, along
with an extraordinary capacity for draw-
ing delicate detail. He was equally solici-
tous of the diverse textures of feathers,
the wet-soft nose of a deer, the wrinkled
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head of a vulture, the abrasive claws of
an osprey, the gloss of a magnolia leaf or
the bloom of a flower petal. He had a
superb and evidently innate sense of
dramatic and harmonious composition.
This ability is perhaps the most impor-
tant a print designer can have, and Au-
dubon (who was always weak in the
principles of landscape painting and the
perception of space) was basically a
printmaker. He may have been the best
ever in the Western world.

Audubon, with his near-superhuman
energy, combined these assets in pictures
that must be forever unique. In some of
them one may sense an essential “ugli-
ness’—the messy residue of the baffle-
ment and fury of supreme seeking—that
Picasso has said is the hallmark of all true
art, setting it apart from the complacent,
“pretty” results of a lesser commitment.
It is here that the new book is particu-
larly revealing. We see from the originals
that the truly great pictures are few, and
most of them are fairly early. (It is hard
to imagine any list of the 30 best that
would not include the turkey gobbler,
the adult bald eagle, the whooping
crane, the ruffed grouse, the yellow-
billed cuckoo, the mockingbird, the red-
tailed hawk, the osprey, the mourning
dove, the ivory-billed woodpecker, the
chuck-will's-widow, the peregrinefalcon,
the pileated woodpecker, the Carolina
parakeet and the ruby-throated hum-
mingbird—all painted before 1830.)

To be sure, some of the later pictures
are comparable in loveliness and state
of finish (one would have to mention the
white-crowned pigeons and the brown
pelican), but their frequency decreases
sharply with time and they are rare after
1834. The explanation is easy: as Audu-
bon’s powers grew the time available to
him diminished. In the beginning there
was only the goal of painting the best
bird pictures ever made. Later there was
a growing sense of urgency, of the enor-
mity of the fundamentally unrealistic
(and artistically suicidal) task of paint-
ing all the birds of America.

He had assistants working in the field,
which undoubtedly helped. At first there
was Joseph Mason, a young friend; later
George Lehman, a hired apprentice; oc-
casionally Maria Martin, who later mar-
ried Dr. Bachman; toward the end some-
times his sons. They all rendered plants
and backgrounds but rarely helped with
the birds. The paintings that emerged,
however, were always Audubon.

With Havell, an accomplished artist
in his own right, it was different. In the
early work Havell’s task was simply to
reproduce the originals that were given
him, and he reproduced them very well



indeed. Later, as the pressure increased, |
he came to be (albeit with notes and
guidance) interpreter, improviser, fin-
isher and alter ego. How worthy he was |
of this trust is revealed by the fact that
“Audubon” and “Havell” are extremely
difficult to separate in the finished
prints. Without the originals for com-
parison one can have no idea of Havell’s
contribution.

Granting Audubon’s immense talents,
today one can be more interested in
what he did “wrong.” Here, I believe,
lies the paradoxical key to understand-
ing his immense popularity.

Careful study of the pictures will re-
veal three persistent types of failure. The
first is a poor understanding of the avian
eye and face and the resulting “expres-
sion.” Why not? Most of the birds in
Audubon’s hands were dead; their eye-
lids, facial membranes and feathers were
accordingly relaxed. The second type of
failure, arising from the difficulties of
observation in nature, was a weak com-
prehension of the positions birds assume.
The third, due to the same difficulties,
was a deficient grasp of the mechanics of
flight.

Now, when Audubon was confronted |
by these deficiencies, he did an entire-
ly natural thing: he endowed his birds
with the human facial expressions and
the human postures appropriate to the
context of the picture. By the same
token, when his birds are in flight or in
other rapid movement (which he could
not “correctly” arrest), they frequently
assume the fluid, rhythmic positions of
the dance. Again why not? Audubon
himself, when it was necessary, had
taught dancing, and is not the dance a
form of composition?

Evidence for these assertions is plenti-
ful. Consider the mockingbird, possibly
the most famous Audubon picture. Here
four mockingbirds assault a canebrake
rattlesnake coiled around a nest amid
gracefully composed fronds and blos-
soms of a yellow jessamine. Rattlesnakes,
said the early critics, do not climb trees
(they do); they do not have recurved
fangs (they do). Few complained that
the rattlesnake in the picture has round
pupils (which rattlesnakes do not). The
pupils in the picture are set in eyes that
glare with remarkable expressiveness at
a mockingbird whose terrified face is al-
together human. So too is the frightened
eye of another mockingbird that pecks
at the snake’s eye from behind. A third
mockingbird has the bowed neck, bull
shoulders and determined expression of
a Churchill in wartime. The fourth, just
arrived, has a look of cooler determina-
tion. All are frozen in the choreography |
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of a dance with death. The picture is
arresting, beautiful, chilling—a master-
piece of textures. But it contains not a
single facial expression that can be ob-
served in a bird or a snake!

Turn to the brown thrasher, where
four birds are mortally involved with a
blacksnake. A less ambitious picture, it
is dramatic enough. We find the same
essentials, with the touching addition of
one thrasher draped helplessly over a
coil of the snake. It is a lady in distress!
The analogy is quite conscious, as Audu-
bon obligingly tells us in the Ornithologi-
cal Biography. The male, he says, “exerts
all his powers to extricate his beloved
mate from the coils of the vile snake
which has already nearly deprived her of
her life.”

Take the barred owl, where the Havell
version, at Audubon’s instance, combines
two different original drawings. The owl
advances threateningly down a limb
(Konrad Lorenz tells us that no predator
bothers to “threaten” the “fresh cherry
pie” represented by its prey), its eyes
bulging fiercely in a most unowlish way,
toward a gray squirrel whose eyes plead
and whose paws are clasped in human
supplication. The scene, incidentally,
combines a nocturnal predator with an
animal that happens to be abroad only
during the day.

Equally instructive is the peregrine
falcon. Perhaps no behavioral attitude
among birds is more distinctive than the
feeding posture of a falcon (“mantling,”
the falconers call it). That Audubon had
never seen it is clearly indicated by his
great picture of two young peregrines
at a gruesomely sanguinary feast over a
fallen teal and gadwall. The attitudes of
the birds, however unfalconlike, are
compelling: snarling, crouching barbar-
ians, they quiver in triumphant blood-
lust over their fallen victims. Still, the
allegorical truth is there; the peregrine,
the invincible and all-conquering preda-
tor, is convincingly described in human
terms.

The pictures strong in the motifs of the
dance are many: the yellow-billed cuck-
oo, the ruby-throated hummingbird—
and virtually any of the great birds in
flight. Certainly not in avian flight, the
eagles and hawks thrust through space
like leaping dancers in the ballet. The
device serves remarkably well. I should
not go on; once indoctrinated, anyone
can play the game for hours. He will find
surly old English gentlemen preparing
to cane one another (the loggerhead
shrike), doting mothers (the wild turkey
hen) and even a dying martyr worthy of
Raphael (the great black-backed gull).

It is relevant to my thesis that, when
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Audubon could study avian expression,
he was quick to grasp it. For example,
any perceptive ornithologist will quickly
see that the faces of the white-tailed
kites, particularly the bird drawn in side
view, are authentic in every respect;
there is no “human” expression here.
Then Audubon reveals that these birds
were drawn at leisure from living cap-
tive specimens in Charleston, S.C. (“The
first I had ever seen alive”)!

I think all this evidence goes a long
way toward explaining the singular rap-
port between Audubon and his public.
His birds communicate with a human
audience for the precise reason that the
“language” employed is human. For
the same reason they baffle the well-
equipped ornithologists of later genera-
tions, who have come to expect pictures
of birds to look like birds. Indeed, per-
ceptive ornithologists expect great pic-
tures of birds to epitomize birds, to dis-
till or heighten their essence—but in
avian, not human, terms. It follows that
even a Rembrandt attuned to this avian
essence would pass unnoticed by all but
the few equipped to perceive his mas-
tery. Giants there have been; one may
mention Joseph Wolf and Louis Agassiz
Fuertes, excluding living persons. In a
different world their fame might equal
Audubon’s.

So much for the graphic component.
Audubon’s principal text, the Ornitho-
logical Biography, can stand for all his
prose. It is a remarkable work, and we
can marvel at the very writing of its
3,000 tightly set pages in nine years. To
be sure, MacGillivray’s assistance and
editing helped (Audubon’s early deficien-
cies in English had never been wholly
remedied), but what emerges is still Au-
dubon. Nothing like it has ever been
written.

It is a highly personal document. Its
ingenuous earnestness carries across 130
years as Audubon repeatedly solicits our
attention: “Dear Reader, I must now ask
you to accompany me....” Often it is
worth the trip. At his best he is engross-
ing; sometimes he is poetic (if sentimen-
tal); at his worst he departs on flights
of florid fancy that have rarely been
equaled, least of all in the literature of
science.

Characteristically sparing no effort, he
is obviously trying to tell all he knows or
can remember (detailed note-taking did
not become a habit with natural histori-
ans until decades later) of his beloved
birds, of where they are found and when,
of their habits and habitats. To these last
two aspects he often devotes expansive
and sometimes quite effective word pic-
tures. He rarely cites others; the work is
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peculiarly his own, a work not of scholar-
ship but of observation.

The result, however inexact and exag-
gerated, is pure and original field natural
history. It came at an early stage of the
important branching of outdoor natural
history from indoor natural history—of
the study of animals in their environment
from the dissection and classification of
specimens. From the outdoor branch
were to arise such intensely focused dis-
ciplines as ecology and ethology, one day
to be reunited with indoor taxonomy in
the evolutionary framework called bio-
systematics. If Audubon’s role at this
early stage was highly influential, it was
probably not so much for what he added
to factual knowledge as for the impetus
his strangely transcendental fame im-
parted to the outdoor study of animals.

Only late in life did Audubon begin
to acquire a formal knowledge of ter-
minology, anatomy, nomenclature and
the literature necessary even in his day
for effective work in systematic ornithol-
ogy. Even so, he still left a considerable
mark on taxonomy: inevitably some of
the birds he described were new. Attrib-
uted to Audubon in the 1957 American
Ornithologists’ Union Check-list are one
genus, 23 species and 12 subspecies.
That he had basically a good eye for bi-
ological difference is clearly indicated by
his detection of such obscure forms as
Traill’s flycatcher, the Carolina chick-
adee, Sprague’s pipit, Bell’s vireo, Baird’s
sparrow, Henslow’s sparrow, Lincoln’s
sparrow and the western meadowlark.

In Pennsylvania, Audubon had con-
ducted a pioneer experiment in bird-
banding. He was also involved in another
experimental venture. Constantly under
attack by certain small spirits of his day
(notably “Wilsonites” under the leader-
ship of George Ord in Philadelphia), in
1826 he was explicitly criticized for his
statement that vultures find their food
by sight, not smell. Audubon and Bach-
man, with invited witnesses, conducted
experiments at Charleston that tended
to support Audubon’s position. Although
later experiments have yielded results
interpreted both ways, the Audubon-
Bachman “victory” has been cited by
every sympathetic Audubon biography
(including the book under review) as a
triumph of virtue over vice. We now
know, however, that the critics were
right, although probably for the wrong
reasons. It has been shown conclusively
that turkey vultures, at least, do have a
well-developed sense of smell, which
they use whenever possible (K. E. Stager,
Los Angeles County Museum Contribu-
tions to Science, No. 81, 1964).

No matter. Audubon had everything



essential to greatness: vast energy, per-
sonal charisma, some luck, talent and a
total inability to accept defeat. Like
a good idea, greatness will not be put
down; not by pettiness and jealousy; not
by rumor and slander; not by misunder-
standing, even on the part of small boys
dissatisfied with the mistakes in a draw-
ing. It has the prerogative of error.

The fact remains that neither Audu-
bon’s powerful personality nor the vir-
tues of his art nor his genuine contribu-
tions to science can explain his unique
reputation today. This reputation stands
in relation to the subsequent history of
the things he believed in and most loved
in a distorted and quite unnatural way.
I have tried to show that many who
think he was great do so for the wrong
reasons, not for the love and apprecia-
tion of birds that were his own outstand-
ing traits. We can place much of the
blame on eulogists who repeat the claim,
as Davidson does in the introduction to
this book, that “Audubon has taught us
to see birds.” The result seems to have
been quite the opposite. The eulogists
betray themselves: when they say that
Audubon’s birds were vastly superior to
any that had gone before, they imply
that nothing has happened since. Audu-
bon has painted the birds, they seem to
say, and that takes care of that. As far
as I know this curious situation has no
parallel. It is not in the true spirit of art
or science, or of Audubon himself.

Short Reviews

SURTSEY: Tue NEw ISLAND IN THE

NorTH ATLANTIC, by Sigurdur Thor-
arinsson. The Viking Press ($6). Some 20
years ago a small dark pit opened up in a
peaceful cornfield in the state of Michoa-
can, to the west of Mexico City. That
was the first sign of the birth of the half-
mile-high volcano Paricutin. The first
indication of the newest volcano—Surtur
in the North Atlantic—was a bad smell.
Farmers on the neighboring Vestmann
Islands had noticed sulfurous odors for
three days; then, just after dawn on
November 14, 1963, Captain Témasson
saw through his binoculars black col-
umns of ash rising from the sea a mile
from his fishing vessel. Surtur had been
born 425 feet below the surface of the
sea and now had grown large enough to
hurl its ejecta out of the water. The ge-
ologists (including the author of this per-
sonal, fascinating and handsome book)
arrived before noon on the same day. By
that time the eruption column towered
two miles into the wintry air, and by the
next morning Surtsey (Surtur’s island)
was 30 feet above sea level.
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The Dynamics of the Upper Ocean
O. M. PHILLIPS

A connected account of the three types of motion
—surface waves, internal waves and turbulence—
that occur in the upper ocean.

This is the first monograph on these motions
which provides the means for the exchange of mat-
ter, momentum and energy between the atmosphere
and the underlying deep ocean. It provides up-to-
date information on the air-sea interface and pre-
sents some challenging problems. (Cambridge Mono-
graphs on Mechanics and Applied Malhenéan‘cs)

11.50

The Uptake and Storage of

Noradrenaline in Sympathetic Nerves
LESLIE L. IVERSEN

A review of recent studies on the biochemistry and
pharmacology of noradrenaline and other cate-
cholamines in mammaiian tissues. Dr Iversen is
primarily concerned with the fate of noradrenaline
after its release.

The book illustrates the great potential of neuro-
chemical pharmacology, a field of particular in-
terest today due partly to its relevance to the effects
of tranquilizers and other drugs on the nervous
system. $11.00

A Dictionary of the

Flowering Plants and Ferns
J. C. WILLIS

Seventh edition revised by
H. K. AIRY SHAW
Since its original publication in 1897, this work
‘has been universally accepted as a valuable refer-
ence source.

The seventh edition is the first new one since
1931. It has been completely rewritten and reset.
40,000 entries. $18.50

Topics in Recreational Mathematics
J. H. CADWELL

A book for teachers looking for new and unusual
examples to enliven their work, or for anyone
interested in mathematical ideas.

The fifteen topics range from the distribution of
prime numbers among the integers to the enumera-
tion of the seventeen distinct types of wallpaper
pattern. The standard of mathematics assumed in
the reader is about that of college entrance require-
ments. $6.50
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This book is the story of Surtur and
Surtsey written in October, 1966, when
the island, although it was still chang-
ing daily, had plainly come to stay 20
miles off the southwestern shore of Ice-
land. The island is no longer a mere heap
of pumice and ash; more than half of its
square mile of area is hard lava, 300 feet
above sea level at the summit. Surtsey is
made up of lava cliffs, cut in a few days
by the indignant sea, great sea-worn
boulders, tossed ashore only to be buried
in the next flood of lava, and beaches of
black glassy sand. The eruption is not
yet over. A second new island appeared,
only to be reclaimed by the sea; another
islet aborted below the surface. Several
fissures have been active, and the strug-
gle between Pluto and Neptune has been
enacted daily for three years before the
eyes of tourists and scientists, pilots and
fishermen. The color photographs that
are the crown of the book bring the bat-
tle before our eyes too. That colorful
eruption column drew aircraft as a lamp
does moths; we can see them here, as
well as their photographic prizes. Most
awesome was the constant play of light-
ning flashes every few seconds above
and within the rising column of elec-
trically charged ash; we share the au-
thor’s astonishment as he stands in a
rolling coast guard cutter in the heavy
seas of an Iceland winter, the sea steam-
ing, whirlwinds spinning wildly around
the rising thermal column of the volcano,
lightning flashing, thunder constant amid
the sound and the splash of the heavy
bombs of lava falling into the lukewarm
sea up to a mile away from Surtsey,
while the ash rained down, turning the
decks black. (The geologists found this
an easy way to collect their samples; the
deck-swabbing seamen grumbled.) The
explosive phase lasted more than four
months; the lava then began to flow, and
was still flowing late last year.

Life has a precarious grasp on Surtsey.
Microorganisms, flies and butterflies
were found in the first summer season;
on the beaches live many animals
washed up by the sea; gulls and kitti-
wakes have nested there, in cliffs only
half a year old. The first green plant to
take root on Surtsey was a sea rocket, a
species with a circlet of succulent coarse
leaves close to the ground, found on
sandy shores on the southern coast of
Iceland. Its seeds are borne by the
waves. Dozens of them struck root in the
summer of 1965, but these first settlers
were buried by ash falls. Surtsey is a
legal sanctuary for all its life; a head-
quarters house for scientists was built
| there late in 1965. In the summer of 1966
| that houseful of delighted watchers made
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the new island as densely populated
overall as the mainland of Iceland!

Nine times in a period of 1,000 years
men have seen submarine eruptions not
far from Surtsey, where the great mid-
Atlantic ridge emerges to make the fiery
spine of Iceland. The land has known a
volcanic eruption on the average of every
five years. Other islets have emerged
transiently, but Surtsey is the first to
seem enduring. Herbert of Clairvaux
wrote an account of Iceland in his Liber
miraculorum of 1180, reporting the tale
of the Archbishop of Lund, a guest at his
monastery: “Fire is seen to break with
stupendous force out of the ocean high
above the waves.” What Herbert only
heard with wonder we can see pictured
in the book’s two dozen photographs.
A cubic kilometer of material, and the
equivalent of a couple of megatons of
TNT in energy, are the measure of the
splendid birth of Surtsey. It is all told
here, briefly and vividly, with excellent
maps and tables.

‘HARD Times: HumaNn DocuMENTS

OF THE INDUSTRIAL REVOLUTION,
by E. Royston Pike. Frederick A. Prae-
ger, Publishers ($8.50). A century after
those vivid footnotes in Capital, this
volume collects contemporary docu-
ments, testimony, official reports, ex-
posés and speeches concerning human
life during the years when the first in-
dustrial society arose and the black coun-
try displaced England’s green and pleas-
ant land. There are some 250 documents
in the book, with a number of contempo-
rary drawings and engravings. This is
the Industrial Revolution raw; we need
to reflect on it in these days when so
many lands are trying to scale the bitter
cliffs of capital that guard the hope and
the power of industry.

Hear Joseph Badder, a spinner in
Leicester, testifying before the Factory
Commission in 1833: “I have frequently
had complaints against myself by the
parents of children for beating them. I
used to beat them. I am sure that no
man can do without it who works long
hours. ... The master expected me to do
my work, and I could not do mine unless
they did theirs.... I have seen them fall
asleep, and they have been performing
their work with their hands while they
were asleep, after the billy had stopped,
when their work was over. I have
stopped and looked at them for two min-
utes, going through the motions of piec-
ening fast asleep, when there was really
no work to do....” The House of Com-
mons declined to pass Mr. Sadler’s bill
limiting employment in factories to chil-
dren older than nine.



Margaret Leveston, a six-year-old
coal-bearer in the East of Scotland in
1842, told Sub-Commissioner Franks
(who found her “a most interesting child,
and perfectly beautiful”): “Been down at
coal-carrying six weeks; makes ten to
fourteen rakes (journeys by ladder to the
pit bottom) a day; carries full 56 pounds
of coal in a wooden backit. The work is
na guid; it is so very sair. I work with
sister Jesse and mother; dinna ken the
time we gang; it is gai dark.”

A cloth-dresser from Leeds testified
before Mr. Sadler’s Committee in 1831:
“As to their not having so many ille-
gitimate children, the reason is plain
enough; there are certain books which
have gone forth to inform depraved per-
sons of a way by which they may indulge
their corrupt passions, and still avoid
having illegitimate children.”

“Do you mean that certain books, the
disgrace of the age, have been put forth
and circulated among the females in fac-
tories, to the effect you state?” “Yes.” |

HE NEwW MATHEMATICS AND AN OLD

CuLTurReE: A STUDY OF LEARNING
AMONG THE KPELLE oF LiBERIA, by John
Gay and Michael Cole. Holt, Rinehart
and Winston, Inc. ($1.95). The Kpelle
are a people numbering some 150,000
who live deep in the rain forest 50 miles
inland from Monrovia in Liberia, where
they struggle to grow swamp rice, pep-
pers and palm oil from their washed-out
laterite soil. They have known Lutheran
and Mandingo missionaries, traders from
Lebanon and engineers from Akron,
and now their children go to some 60
English-using primary schools run by the
Liberian government and the big com-
panies. Theirs is the culture of the great
secret societies such as the Poro, whose
magnificent masks are found in museums
the world over. The Poro secretly pene-
trates all life; birth, initiation, marriage,
conflict and death are dominated by it
more than the cathedral ever dominated
the life of Chartres. The rote learning of
words and tasks infuses the school; a
child who brought in an insect to show
its six legs to the teacher who had de-
fined insects as eight-legged was nat-
urally beaten.

This booklet is the fascinating story
of tests in logical, geometrical and esti-
mational tasks set to Kpelle schoolchil-
dren and adults, and to their counter-
parts in New Haven, Conn. Most Kpelle,
children or adults, simply cannot sort |
pictures of men and women, printed one
to a few per card on red or green cards,
into logical groups in more than one way.
American 12-year-olds easily sorted
them three times: by number, color and l

We have the
last word for
graduation

grad-u-a-tion (graj’6o a/shon), n. 1. the act of

graduating; the state of being graduated. 2. the cere-

mony of conferring degrees or diplomas, as at a college

or school. 3. marks or a mark on an instrument or a
vessel_for indicating degree, quantity, etc. [< ML
graduation- (s. of gradudatio). Seé GRADUATE, -ION]

gift (gift), n. 1. something given voluntarily without
charge; present. 2. the act of giving. 3. the power or
right of giving: Job offers are a politician’s gift. 4. a
special ability or capacity; natural endowment; talent:
the gift of saying the right thing at the right time. =—uv.t.
5. to present with as a gift; bestow gifts upon; endow
with. [ME < Scand; cf. Icel gift; c. OE gift (ME
vift) marriage gift; akin to cive] —gift’/less, adj.
~Syn. 1. donation, contribution, offering, benefaction,
endowment, bounty, boon, largess, alms, gratuity, tip,
premium, allowance, subsidy, bequest, legacy, inherit-
ance, dowry. See present?. faculty,
capability, bent, forte, genius, turn, knack.

aptitude,

“Itis an excellent dictionary...large, handsome L
and sharply printed...For the home, the RHD TH L;
is as modern and suitable as parents or students RANDOM
could ask. It includes an informative atlas of HOUSI;‘,‘
colored maps, and concise dictionaries of DICT I()Iﬁ?g)ek
French, Spanish, Italian and German...Itis ENGLISH :
up-to-date, thorough, and designed for students. LANGUAGE |
It is handsomely bound and would make a
splendid gift.” = —Herbert A. Kenny, o
The Boston Sunday Globe = :

Always has the last word. $25.
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sex. But the Kpelle can estimate the
number of cups of rice in a bowl to plus
or minus 5 percent; Americans fail badly
at that test. Kpelle schoolchildren learn
logical associations by choosing from
colored squares more quickly than either
American children or adults. Their gen-
erally rich and subtle language has
names, however, for only a few shapes.

What follows from this cross-cultural
psychological and linguistic study is not
yet very striking. Plainly the Kpelle have
a hermetic, traditional culture that once
had a high adaptive value. They are not
easily led to make or to follow new rules
on their own, although they are fully
able to solve individual tasks whenever
the task has had any roots in their lives.
To teach them mathematics and science
well means to draw on what they have
of language and experience and to show
them how a universal power can become
theirs. That Kpelle life will change under
this exposure is all but certain; that they
themselves must choose and shape that
changing is the hope of the authors,
given in the final sentence of the book.

The booklet is part of a new and in-
triguing series of case studies in the re-
lation between culture and education;
three others have been published, treat-
ing of individual schools in Japan, Ger-
many and Canada.

ARCHAEOLOGICAL CHEMISTRY: A Sym-

posiuM, edited by Martin Levey.
University of Pennsylvania Press ($8.50).
In the very fabric of every ancient arti-
fact is somehow written how, when and
where it was made. These ciphers can
be read by the use of the entire arsenal
of our present modes of the analysis of
matter. Often the analyst cannot chip
off from the precious whole a suitable
sample; he must make his analytical
bricks without straw or clay. This book
presents 15 different studies in three
tongues by scholars from such places as
Madras, Nagoya, Leningrad, Mainz and
Long Island, as reported five years ago.
The reports are themselves a summary
of methods: among the many are infra-
red spectroscopy, beta-ray backscatter-
ing, X-ray diftraction, spectrochemistry
and metallography. All appear with
careful statistical comparison and studies
of ancient texts.

One of these analyses must here stand
for the others. At Montefiascone, in an
Etruscan tomb of the fourth century
B.C., an iron spearhead was found. Heav-
ily corroded, it was cleaned of its black
crust by electrolysis; it is pictured in the
book, a frayed laurel leaf four inches
long. The spearhead could be sectioned,
and the metallographer found that the
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piece had been made by the welded Da-
mascus technique. The smith had forged
a central sheet of hard steel, about .5
percent carbon, and to it on each side
had forge-welded a five-layered deck
mainly of soft steel sheets. The hardened
central sheet formed the tip and edges,
bared in use by honing. The thinnest lay-
ers—the entire blade is nowhere as much
as a centimeter thick—were less than 100
microns thick. They were placed under
the scanning electron microbeam for
point-by-point X-ray analysis. Two lay-
ers, one on each side of the blade, proved
to consist of a nickel alloy; the nickel con-
tent varied locally from 10 percent to 30,
with traces of cobalt. The other layers
were quite pure iron-carbon soft steels.

The authors conclude that the spear-
head, so knowingly made by a patient
and sophisticated craft, incorporated two
layers of meteoritic nickel-iron. Indeed,
a certain small axe found in Poland, dat-
ing from the ancient Hallstatt culture, is
known also to have two layers of me-
teoritic iron. The natural nickel alloy is
present in too thin a layer to have any
utilitarian function, but it was the very
“metal of heaven,” as the Sumerians
called iron itself. The microprobe, one
feels, has penetrated not only a blade
but also the minds of the men who made
and used that spear when Rome was
young, men whose written language we
do not yet command but whose purposes
we begin to see.

FIRST Conceprts oF Tororocy: THE
GEOMETRY OF MAPPINGS OF SEG-
MENTS, CURVES, CIRCLES, AND Disks, by
W. G. Chinn and N. E. Steenrod. Ran-
dom House ($1.95). By now everyone
knows about the topological surprises
twisted into the Mabius strip. This clear
and winning little book, for readers will-
ing to come to genuine grips with the
idea of a mathematical proof, presents
topology otherwise—as mathematicians
see it. The parlor tricks are gracefully
alluded to here and there, but they are
distinctly for after hours. The center of
interest is the stuff itself: the powerful
notions of set theory are honestly and not
merely verbally exploited to define open
sets and their coverings, and from them
the key theorems, which go back only a
few decades, built on the ideas of sets
that are compact and connected. Topol-
ogy is the study of such sets and their
mappings. How this austere topic be-
comes “rubber-sheet geometry” is made
quite plain in the exposition and in the
examples, which carry the flavor of the
elegance of mathematical proof but fill
out its thin, severe line with uniform
grace and interest. Having spent half the
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book in this vein to establish the propo-
sition that a continuous function takes
on all values between its extremes, the
authors press this theorem into yeoman
service. The same quest is embarked on
in Part II but now in two dimensions, for
two functions, and the winding number
appears as a new topological concept.
The two-page epilogue, which carries
the matter into higher dimensions, is too
sketchy, but with that single objection
the book is otherwise satisfying. It con-
veys a sense of an understanding of the
mathematics of today, or anyhow of yes-
terday. The interplay of strict theorem
and picturesque example is sustained.
One cannot any longer doubt that a sin-
gle stroke of a knife exists that divides
any irregular ham sandwich so that ham
and both bread slices can be shared with
perfect fairness by two consumers.

PRINCIPLES OF ASTROMETRY, by Peter

van de Kamp. W. H. Freeman and
Company ($6.50). Showy photographs
of remote galaxies are the commonplaces
of our magazines. They bear witness to
the world leadership in observational as-
tronomy that has been held in Wisconsin
and California and Texas since the 19th
century. This book tells quite another
story: how the work of Frank Schlesin-
ger and a handful of able colleagues and
successors in America and later in Eu-
rope set the geometrical bench marks on
which our map of the galaxy and indeed
of the entire universe ultimately rests.
For the visual micrometer screws and
spider-web cross hairs of pioneers such
as F. W. Bessel they substituted pains-
taking photography. They wused the
great telescopes not for light-gathering
but for their long focal length, so that
the images become of measurable size.
Professor van de Kamp, himself a vet-
eran authority in the field, has produced
an almost unique book. It is a careful
and straightforward introduction to the
methods and results of long-focus photo-
graphic astrometry as now practiced, ac-
cessible for any reader with sophomore
college mathematics or better. The un-
blinking care, and above all the depth of
understanding of instrument and phe-
nomenon, that it takes to learn stellar
distances and motions (or one day to
search out the planets of those distant
suns) are made clear. Finding the dark
companion of Barnard’s star was the re-
sult of measurements made on about
2,500 plates, exposed three or four times
each over 600 nights scattered across
nearly 50 years, all with the same 24-
inch instrument at Swarthmore College.
The wiggles that signified the Jupiter-

like companion of the star are a matter
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Statue of Benjamin Franklin by James Earle Fraser in The Franklin Institute, Philadelphia

Great Ideas Make Great Men

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

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

Where will the ideas come from? Normally
from higher education. But colleges are facing
shortages. Even now some are overcrowded and
intenyearsthere’ll betwiceas many applicants.

Certainly, with increasingly urgent responsi-

HIGHER EDUCATION

KEEP IT BRIGHT

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

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

If you want to know what the college crisis means to you, write
for a free booklet to: HIGHER EDUCATION, Box 36, Times
Square Station, New York, N.Y. 10036
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of a micron either way, superimposed on
fiftyfold larger motions from parallax,
atmospheric refraction, lens changes,
guiding-and-measurement errors and all
the rest. The convincing result is its own
highest praise. How photomultipliers,
quartz and feedback will someday
change this conservative and important
field we do not know, but the impression
gained from this fine book is that of a
powerful technique at its culmination.

THE ART oF AMERICAN InpIAN CoOOK-

ING, by Yeffe Kimball and Jean An-
derson. Doubleday & Company, Inc.
($4.50). The clambake, properly layered
in boiling seawater; baked beans, pit-
steamed and flavored with maple sirup,
and cranberry sauce for the oyster-
stuffed turkey are the dainties of the
Narragansett and the Penobscot, trans-
mitted by way of the early settlers to our
tables. The place of the Americas in set-
ting the world’s table, with tomato, pota-
to, peanut, pumpkin, avocado and maize,
is made real in this pleasant collection of
200 recipes, attractively illustrated with
free line drawings of eggs and metates
and oyster shells by Miss Kimball, herself
an Osage. The red salmon caviar was
dried in the sun and spread on buckskin
bread for the men of the Northwest fish-
ing peoples, and they enjoyed their
smoked salmon with scrambled eggs
(Bronx papers please copy!). Batter-fried
squash blossoms—the larger male flowers
are preferred—make an excellent hors
d’oeuvre, and the Zuiii green chili stew,
flavored with juniper berries, is a bub-
bling and substantial staple.

This imaginative and useful little
cookbook celebrates the cuisine of the
first men in our land, no mean monument
to their patient and knowing gardening,
to the huntsman’s eye and to his wife’s
loving art. To be sure, these recipes are
not pedantically pre-Columbian; the
version given of m’sick-quotash of the
Virginians calls for corn and beans from
frozen packages and uses bacon instead
of the authentic bear’s fat. Wheat, flour,
sugar, pork all appear. Supermarkets
with good bear grease are hard to find.

Let the Kwakiutl have the last word:
try whipped fresh raspberries in honey.

SYMMETRY AspecTs oF M. C. EscHER’s

Periopic Drawincs, by Caroline H.
Macgillavry. A. Oosthoek’s Uitgevers-
maatschappij NV, Utrecht, for the Inter-
national Union of Crystallography ($10).
The professor of chemical crystallogra-
phy at the University of Amsterdam

| has organized this unique and beautiful

SCIENTIFIC AMERICAN
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book from the corpus of marvelous space-

| filling periodic drawings made over two
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decades by the artist Maurits C. Escher.
Adding a few specially drawn for this
work, Escher has here given us the classi-
cal crystal groups in the plane, and a
good many more that exploit the latest
extensions to color symmetry, foreseen
by the artist before mathematicians had
officially recognized and classified them.
Here are 40 plates: fishes, knights, tad-
poles, blossoms, starfish, angels and de-
mons, all marching conformably to the
laws of the crystal group, most in eye-
filling color. A supple text page describes
and points out what is noteworthy in
each example for the student of crystal-
lography. Tracing and translating the
pattern skeleton for each example will
be a royal road for undergraduate stu-
dents and a joy for artists, indeed for all
who have eyes to see and minds to de-
light at the bounty of symmetry. The
fivefold violet flowers arranged in a
threefold pattern among green leaves
are an unforgettable sermon against the
pentagonal crystal. Only the motion-
picture screen might do it better.

CALDER: AN AUTOBIOGRAPHY WITH
Pictures. Pantheon Books ($15).
Alexander Stirling Calder was a Philadel-
phia sculptor. His son Alexander was
graduated from the Stevens Institute of
Technology as a mechanical engineer.
Somehow he found himself sliding out
of the drafting room to the Art Students
League. This hefty book is his conver-
sational life story, frank and funny, told
memory by memory to his son-in-law.
The pictures tell the rest of the tale, from
the wire circus to the great arching sta-
biles, delights across half the world.

HE Porpy anp OtHErR DEADLY

PraNTs, by Esther Baskin. Drawings
by Leonard Baskin. Delacorte Press
($12.50). This thin volume holds its doz-
en large, strong prints and its text,
sounding like some Gothic field guide,
between end papers colored poppy or-
ange. Mandrake, poison hemlock, deadly
nightshade and henbane, with their poi-
sonous peers, are spread in stunning and
sinister beauty over these precise and
varied plates.

HIPS AND BoaTs: THE NATURE OF

TuER DEsioN, by Douglas Phillips-
Birt. Reinhold Publishing Corporation
($2.45). A study of the relationship of
form and function at sea, from galleon,
clipper and America’s Cup racer—often
a decadent form with “the fascination of
sin”"—to the battleship and the eventual
obsolescence of sea-surface travel (and
then of navies?). A beautifully made
paperback.
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Geology lllustrated

“THE PROUD TITLE OF THIS EYE-FILLING BOOK IS JUSTIFIED.

Geology IIIustrated

JOHN S. SHELTON
formerly Associate Professor of Geology
at Pomona College. Drawings by Hal Shelton

1966, 382 illustrations, both photographs and drawings,
8% x 10%”,$10

Addressed to thoughtful and observant people who enjoy
the outdoors, this book is a serious, yet elementary, intro-
duction to geologic principles based on an unrivaled
sequence of photographs. By studying the rocks and land-
scapes pictured and reading the accompanying explana-
tions, the reader is guided to an understanding of the kind
of evidence upon which the great generalizations of physi-
cal and historical geology are based.

—— ——— —— — — — —— — — — — — —

Geology lllustrated

I enclose $10 (California residents $10.40). Send me, postpaid,
the book named above. I understand that if I am not satisfied,
the book may be returned for full refund within 10 days after
it is received.

NAME

ADDRESS

Four hundred photographs, mostly stunning aerial
views taken by the author himself in the West, with
accompanying drawings by his cartographer brother,
present the basis of physical geography in the field.
With a rare skill at explanation and a delicate sense
of evidence, Shelton argues for the work of thrust and
uplift, ice and water, and unites the processes in a
dozen type localities crowned by the Grand Canyon.
Here is physical geology remade as fresh as it was a
century ago, into a triumph of direct observation and
clear thought, not a set of conventional assertions with
formal names. An outstanding book for self-study or
for a college text. It is also suitable for interested read-
ersinhigh school orin the home.”

— SCIENTIFIC AMERICAN, December 1966

“Probably the
I  most successful substi-
tute for field experi-
ence ever presenred in
a book. .
. —Rlchard J. Russell,

in Science, December
2, 1966

| Geology Illustrated |

“l ean think of no
better book for show-
ing the nongeologssr
quickly and succinctl
what our SCI’.G!'.ICE is ﬂ
about. .

—John Snyder of the
American Geological
Institute, Washington,
D. C.,, in Geotimes,
November 1966

- W. H FREEMAN AND COMPANY

. 660 Market Street, San Francisco, California 94104 / Warner House, 48 Upper Thames Street, London, E. C. 4
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Lewis
Mumford

THEMYTH
OF THE
MACHINE

Technics and
Human Development

In what may be his master-
work, an incisive and eloquent
moral and intellectual state-
ment, Lewis Mumford boldly
re-examines and revaluates
the history of human develop-
ment from the beginning to
the threshold of the modern
world. Embracing past, pres-
ent and future, he deals with
the urgent question: What
will man do with the technics
he has invented and what will
they do to him?

Illustrated with 48 photographs
$8.95 )] HARCOURT, BRACE & WORLD

IAMA TEUR

TELESCOPE
MAKING

Edited by Albert G. Ingalls

Boolk One

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

Book Two

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

Book Three

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

Send postcard
for descriptive circular
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MAIL
ORDER

SHOPPING MAR

A selection of products available by mail for readers of
All merchandise sold on a money-back guarantee. Order direct by Stock No. Send check or M. O.

Scientific American

UNUSUAL
VALUES

3" ASTRONOMICAL
TELESCOPE

See stars, moon, phases of Venus,
planets close up. 60 to 180 power
—famous Mt. Palomar reflecting
type. Aluminized & overcoated 3”
diameter f/10 primary mirror, ven-
tilated cell. Equipped with 60X
eyepiece and mounted 3X ﬂnder
scope, hardwood trivod. FREE

‘““‘STA CHART’: 272-page

SCOPE" book. $29.95 Ppd. Order
Stock No. 85,050S. Edmund
Scientific Co., Barrington, N.J.
08007.

YO
B WY

WOODEN
SOLID PUZZLES

Here's a fascinating assortment of
12 different puzzles to provide
hours of pleasure and stimulate
ability to think and reason. Ani-
mals and geometric forms. Take
them apart and reassemble them.
Lots of fun for the whole family —
young and old. Will test skill,
patience and ability to solve prob-
lems. Order yours now. $3.50 Ppd.
Order Stock No. 70,205S. Ed-
mund Scientific Company, Bar-
rington, New Jersey 08007.

R

e

E T = |

NEW MODEL DIGITAL
COMPUTER

Solve problems, tell fortunes, play
games with miniature version of
giant electronic brains! Adds. sub-
tracts, multiplies, shifts, comple-
ments, carries, memorizes. Colored
glasnc ?ans easily assembled. 127x
Incld. step-by-step as-
embly dlagrams 32-p. instruction
book covering operation, computer
language (binary system) pro-
gramming, problems & 15 experi-
ments. $5.98 Ppd. Order Stock
#70,683S. Edmund Scientific Co.,
Barrington, N.J. 08007.

GIANT
FREE CATALOG

Completely new 1967 Catalog. 148
pages packed with nearly 4,000
unusual bargains. Exciting new
categories. Many new items. 100’s
of charts, illustrations. Many hard-
to-get war surplus bargains.
Enormous selection of telescopes,
microscopes, binoculars, magnets,
magnifiers, prisms, photo compo-
nents, etc. For hobbyists, experi-
memers workshops, factories.
Shop by mail. No salesman will
call. Write for Catalog ‘S’ to Ed-
mund Scientific Co., Barrington,
N. J. 08007.
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GIANT
WEATHER BALLOONS

“Balls of fun” for kids, traffic
stoppers for stores, terrific for
amateur meteorologists. Create a
neighborhood sensation. Great
backyard fun. Exciting beach at-
traction. Amateur meteorologists
use to measure cloud heights, wind
speed, and temp. Made of heavy
duty neoprene. Inflate with vac-
uum cleaner or auto air hose; or
locally avallable helium for high
rise. 8’ d 2.00 Ppd. Order
Stock \Io 60 568S. 16’ diam. $7.00
Ppd. . 60,632S. Edmund Scien-
tlﬁc Co "Barrington, N.J. 08007.

NEW SURPLUS
Ni-Cd BATTERIES

Save more than 50%! Long life-
accept 300 charge and discharge
cycles. 1.25 Volts per cell-750 mil-
liamper hours capacny Excel.
charge retention. Hermetically
sealed. Indefinite storage life. Mul-
tiple cells welded in series-easily
cut. Combine to form btry. 75"
dia. x 1%§” high. Spec. price for
100 up. Low- costchargersepall;ate

Order No. Cell Volt

40,9868 1 1.25 $1.50
60,6338 3 3.75 3.60
60,634S 4 5.00 4.80
Edmund Scientific Co., Barring-
ton, N.J. 08007.

SCIENCE
TREASURE CHESTS

Hundreds of thrilling experiments
plus a Ten Lens Kit to make tele-
scopes, microscopes, etc. Incl.:
extra powerful magnets, polarlz-
ing filters, compass, one-way
mirror ﬁlm. diffraction gramng,
many other items. 3 pd.
Order Stock No. 70,342S. Deluxe
Chest: Above plus crystal growing
kit, electric motor, molecular set,
and lots more. $10.50 Ppd. Order
Stock No. 70,343S. Edmund
Scientific Co., Barrington, New
Jersey 08007.

NEW .
CRYSTAL MODELS

. TRANSPARENT

Set of 15 Basic Symmetries with
Built-in Crystallographic axes.
For lab study, exhibition, demon-
stration. Colored threads built in-
to each precision-made hollow
plastic model show position of all
axes. Easily marked with china
pencil. Cube measures 13%;”—14
others (see above) in propomon.
Packed in poly bags separately in
compartmental wooden case.
$64.00 Ppd. Order #70,821S.
Edmund Scientific Co., Barring-
ton, New Jersey 08007.

AMAZING
NEW HOLOGRAMS

Almost unbelievable new 3-D
photo-technique for small cost.
Simple transmission-type holo-
gram (on film and glass) result of
splitting laser beam. Dimension
appears carved in stone. Cut in
half re{)eatedly parts still con-
tainfull scene. Use slide projector
light source or flashlight bulb ﬁl
ment. Filter mcl Fxlm 4”7 x 334"
Hologram $15. Ppd. Order
40,969S. 2”x1/” $450 Ppd.
No 30,574S. Glass: 4” x 5” $30.00
Ppd. No. 40,984S. Edmund Scien-
tific Co., Barrington, N.J. 08007.

ANALOG
COMPUTER KIT

Demonstrates basic analog com-
puting principles. Can be used for
multiplication, division, powers,
roots, log operations, trig prob-
lems, physics formulae, elecmclty
and magnetism problems. Oper-
ates on two flashlight batterles
Electric motor and 3 potentiom-
eters mounted on die-cut box.
Answer indicated on dial. 20”7
long, 9” wide, 2” deep. $14.95

Ppd. Order Stock No. 70,341S.
Edmund Scientific Co., Barring-
ton, New Jersey 08007.

WFF'N PROOF—
GAMES OF LOGIC

Practice abstract thinking and
math _logic. Developed by Yale
prof. If you think learmng should
e fun, try WFF'N PROOF
brain-to-brain combat! 21 games
of progressive difficulty. Starts
with simple games mastered by
6-year-olds, ends with subtle
logic for challenge to professional
logicians. 8 24” x 534” case contains
logic cubes, playing mats, timer &
224-p. book. $6 Ppd. Order Stock
No. 60,525S. Edmund Scientific
Co., Barrington, N.J. 08007.

TERRIFIC BARGAIN
IN ZOOM LENSES

Modernize your 8mm projector
with two super-quality surplus
lenses. Get 33%% to 100%
larger movies without moving
projector. Just move lens for
results wanted. Coated optics,
black and silver finish, 76” diam.
threaded aluminum barrels. (A)
1%” long, F.L. yg to 17, Lens
Speed I/ls $8.50 Ppd. Order
Stock #40 873S: (B) 1-11/16”
long, F.L. 3{” to 1”, Lens Speed
1/1.6, $6.95 Ppd., Stock #40, 8745
Edmund Scientific Co., Barring-
ton, New Jersey 08007.
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THE NATURE OF PERCEPTUAL ADAPTA-
TION. Irvin Rock. Basic Books, Inc.,
Publishers, 1966.

PercepTION. Julian Hochberg. Prentice-
Hall, Inc., 1964.

PERCEPTUAL ADAPTATION TO INVERTED,
REVERSED, AND DisPLACED VISION.
Charles S. Harris in Psychological Re-
view, Vol. 72, No. 6, pages 419-444;
November, 1965.

LIGHT-EMITTING
SEMICONDUCTORS

ELECTROLUMINESCENCE. Frederick F.
Morehead, Jr., in Physics and Chem-
istry of II-VI Compounds, edited by
J. S. Prener and M. Aven. North-
Holland Publishing Company (in
press).

ELECTROLUMINESCENCE AND SEMICON-
pucToR Lasers. Henry F. Ivey
IEEE Journal of Quantum Electron-
ics, Vol. QE-2, No. 11, pages 713—
726; November, 1966.

ELECTROLUMINESCENCE FROM P-N JUNC-
TIONS IN SeEMIcONDUCTORs. M. Ger-
shenzon in Luminescence of Inorganic
Solids, edited by Paul Goldberg. Aca-
demic Press, 1966.

ELEcTROLUMINESCENCE IN II-VI ComMm-
pounDs. A. G. Fischer in Lumines-
cence of Inorganic Solids, edited by
Paul Goldberg. Academic Press, 1966.

ORDINARY MATTER

FroM Atomos To ATomM: THE HisTory
oF THE CoNCEPT “ATOoM.” Andrew G.
Van Melsen. Harper & Row, Pub-
lishers, 1960.

Tue Unity oF THE UNIVERSE. Dennis
W. Sciama. Doubleday & Company,
Inc., 1961.

THeE WorLp oF THE AtoMm. Edited by
Henry A. Boorse and Lloyd Motz.
Basic Books, Inc., Publishers, 1966.

MATHEMATICAL GAMES

Tue Macic or Numsers. Robert Toc-
quet. Premier Books, 1962.

MaTtH MiracLes. Wallace Lee.
lished by the author, 1960.

MiracLE MaTH. Harry Lorayne. Execu-
tive Research Institute, Inc., 1966.

Pub-

THE AMATEUR SCIENTIST

ANIMALS WITHOUT BacksonEes. Ralph
Buchsbaum. The University of Chi-
cago Press, 1962.

FRESH-WATER INVERTEBRATES OF THE
Unitep StAaTES. Robert W. Pennak.
The Ronald Press Company, 1953.



The engineer.
A special breed of man.

Seek the best, gifted scientists and engineers. Provide the
right environment, the time to create, and recognize the indi-
vidual as a vital force. Present the task of designing and produc-
ing highly sophisticated electronics systems for today’s ad-
vanced technology, and you have a glimpse of the exciting world
of creative engineering that exists at LTV Electrosystems.

It’s a diverse, growing world. One upon which
we have built for success and leadership, where the engineer
occupies a unique position, is understood, encouraged,
challenged, rewarded, inspired, while enjoying
the best of two worlds: accomplishment in his work and the

fun that comes from living in Texas.

Our primary business is the design and production of
highly sophisticated, major special purpose electronic systems
for air/sea/land and space application by the military services,
NASA, NATO and the USIA. Through our Greenville
and Garland (Texas) divisions and our subsidiary, Continental
Electronics, we offer a complete spectrum for opportunity.

Become one of the special breed of men at LTV Electro-
systems. Write today: Mr. B. G. Hickey, Supervisor of Profes-
sional Placement, P. O. Box 6118, Dallas, Texas 75222.

An equal opportunity employer m/f.

LTV ELECTROSYSTEMS, INC.

A SUBSIDIARY OF LING-TEMCO-VOUGHT, INC
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SAVE LIVES

Repair damaged hearts with “spare parts” made of plastic.

- At AN ]

PN N L S
Allied Chemical makes the plastic that helps save lives. It's  Tomorrow, it may well be the key element in building a com-
Halon®TFE,anewplastic material. Today,it'sbeingusedinmend-  plete artificial heart to replace the old, sick one. Halon is another
ing sick organs: kidneys, liver, intestines—and parts of the heart.  example of how Allied Chemical puts chemistry to work.

llied
hemical

Right in the center of things
at No.1 Times Square

Divisions: Agricultural, Fabricated Products, Fibers, Industrial Chemicals, International. Plastics, Semet-Solvay, Union Texas Petroleum, Allied Chemical Canada, Ltd.
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