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THIS BANKER IS 35.
HE CAN LEND YOU #500,000.

Read how hard work and thorough training at
First National City Bank have made professional
bankers out of bright young men.

IRST NATIONAL CITY BANK believes good bankers

know more—more about banking, more about corpo-
rate finance, more about how to use Bank services to
help solve customers’ problems.

That’s why First National City developed a seminar
for its men in advanced credit methods, concentrating
on loans to fast-rising industries where traditional lend-
ing methods don’t apply.

That’s why First National City Bank has always sent
its men into the field to see what’s happening in different
industries throughout the country.

That’s why every Bank officer is kept up to date on the
latest Bank services —with the admonition that theyare no
substitute for his own imagination and resourcefulness.

That’s why senior management of the Bank is in daily
contact with younger officers, passing on the knowledge
that comes from long experience.

And that’s why a relatively young First National City
banker can lend up to $500,000 largely on his own au-
thority —because he has been thoroughly and profes-
sionally trained.

Has this kind of training paid off for our customers?
Ask them, and we think you’ll find they agree that men
who know more make better bankers.

FIRST NATIONAL CITY BANK 1"

NE AVENUE. NEW TORK, % ERAL DEFORIT §
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This 1s an
optical computer!

Project a laser beam through a
divergent lens; modulate it in a quartz
block delay line energized by an
electronic signal. Then pass the waves
through a converging lens into a
photosensor, and you have an
elementary optical computer.

Optical computers represent a giant
step forward in meeting the data
processing needs of side-looking radar,
sonar, and secure and deep-space
communications. They can convert
electronic signals, like those of a
reconnaissance radar, into,
recognizable images—or unscramble
a signal from background noise

or jamming. They may provide the
answer to the communications
blackout that occurs during space
capsule re-entry—or lead to the
refinement of commercial hybrid
computers.

Because they operate in two
dimensions contained in a single
plane, rather than in one dimension
as electronic computers do,

optical computers can handle three
to four times more data. And in
real time. Data rates of 10 bits per
second have been achieved.

Recent advances in optical
techniques—in design of systems,
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in methods for fabricating diffraction-
limited lenses, in lasers—have

made possible rapid progress in
optical computers.

Special talents in precision optics
plus abilities in instrumentation,
physics and electronics make
Perkin-Elmer uniquely suited to this
promising field. The same skills

are at work in countless

other applications of scientific
instrumentation for industry, science,
space and defense. Perkin-Elmer
Corporation, Norwalk, Conn.

PERKIN-ELLMER



75% of all aircraft operated by
the world’s major airlines
carry Collins avionic systems

So do executive and military aircraft through-
out the world.

Collins builds the most complete line of
communication /ecomputation /control equip-
ment for the aviation industry . .. microwave

for air traffic control...data systems for
reservations, traffic and logistics control. ..
high frequency systems for long-range com-
munication...radar for turbulence avoidance
...and a broad range of airborne communica-
tion/navigation equipment.

Collins capability and leadership in the field
of Avionics is another application of Infor-
mation Science . ..combining equipment into
total systems for communication / computa-
tion / control.

COMMUNICATION / COMPUTATION / CONTROL

772\
COLLINS

=/

COLLINS RADIO COMPANY / WORLD HEADQUARTERS / DALLAS, TEXAS
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Here are two of several solid-
state servo strip-chart recorders
from Moseley, leading manufac-
turer of x-y and strip-chart re-
corders.

Model 7100A, 10”, 2-pen re-
corder typifies precision Moseley
instruments. Features include 1
megohm input impedance on all
10 ranges; 1 mv sensitivity full
scale (optional); tilt front chart
carriage for notation convenience,
and quick paper change; optional
thermocouple compensation mod-
ules; instant chart speed change;
1/, second balance time; multiple
calibrated spans and continu-
ously variable; remotely con-
trolled “jump’’ speed (optional);
electric pen lift (optional); re-
corder-controller options. Locking
glass door available for industrial
applications. $1800. Model 7101A
1-pen $1390.

STRIP

CHART
RECORDERS

Model 680, 5”, compact labora-
tory recorder, features eight chart
speeds, 10 spans, continuous
zero set, zener reference. Also
available with English or metric
scaling, single voltage span,
current, or cold junction compen-
sated temperature ranges. Lock-
ing glass door available for
industrial applications. $625-
$750.

Write for complete catalog. Moseley
Division, 433 N. Fair Oaks Ave., Pasa-
dena, California 91102.

Data subject to change without notice,

Prices f.0.b. factory.

HEWLETT =

PACKARD b MoOSELEY
0956 DIVISION

THE COVER

The photograph on the cover shows the pattern of low-energy electrons
diffracted from the surface of a crystal of tungsten on which oxygen atoms
are adsorbed. The pattern appears on the fluorescent screen of an instru-
ment built by Varian Associates and photographed in the laboratory of
Lester H. Germer at Cornell University. Germer is a coinventor of the
instrument and the author of “The Structure of Crystal Surfaces,” which
begins on page 32. Each white spot in the pattern represents the dif-
fraction of electrons from parallel rows of atoms on the surface of the
crystal being examined. Knowing the wavelength of the incident electrons,
one can calculate from the pattern the arrangement of atoms on the surface.
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DIFFRACTION PATTERNS
OF W (111) SURFACE.

Carbon contamination

L]

Clean surface,

v Half-monolayer 0, coverage,
showing (211) facetting

The instrument is Varian Vacuum’s LEED — for Low

Energy Electron Diffraction.

Here’s how LEED works: In ultra-high vacuum, a beam
of slow electrons is directed at a crystal surface. The dif-
fraction grating effect of the orderly atomic surface struc-
ture causes the incident electrons to be reflected in specific
directions—reinforced by their in-phase relationship. These
beams are viewed as dots on a fluorescent screen. The pat-
tern and spacing of the dots bears a direct relationship to
the spacing of the atoms, revealing the structure of the
crystal lattice.

With LEED you can establish the cleanliness and atomic

structure of a surface, observe adsorption and resulting
structures, or study crystal and epitaxial growth. LEED
can be used to monitor the nature of a crystal surface
before and after other surface experiments such as ion
bombardment, electron emission, contact potential and
surface migration. And there’s the possibility of observing
catalysis—the interaction of two or more kinds of atoms
on a surface.

If seeing the atomic structure of crystal surfaces would
make your job easier, write for the booklet “LEED Data
and Applications.” It’s available from Varian Vacuum,
the only place you can buy LEED or anything like it.

@VARIAN

ASSOCIATES

PALO ALTO, CALIF.

VACUUM PRODUCTS DIVISION

VARIAN A.G.: ZUG. SWITZERLAND
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LOOK WHAT THEY’RE DOING
WITH DIAMONDS

Grinding and finishing

tungsten-carbide-plated steel. Diamond wheels and lapping
compounds are used at L. A. Gauge Co., Inc., Los Angeles, to
grind and finish special tungsten-carbide-plated tool steel parts
for military aircraft. Finish tolerances range from % to 2 micro-
inches. Initial grinding is done with resinoid-bond wheel im-
pregnated with 150-mesh natural-diamond grit. Final polishing
is done with a hand bob charged with O- to 2-micron natural-
diamond powder. Wheels and lapping compounds supplied by
Diamond Tool Research Co., Los Angeles.

When you use diamonds, you get the unique
combination of excellent cutting or grinding ability
linked with fantastic endurance. Your diamond
tools last longer than any other cutting tools you
can use. Your people spend more time in actual
production ... less time changing tools.

If you cut, sharpen or smooth anything, you

can probably use diamonds too. Why not test
diamonds against the method you’re now using?
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Cutting hole in fused silica

Largest diamond drill of its kind manufactured by Dia-Chrome
Inc., Glendale, Calif.,, cuts a 17-inch-diameter hole in the
center of a fused silica blank at Davidson Optronics, West
Covina, Calif. The 11%s-inch-thick blank, to be finished as an
optical mirror, defied conventional tooling methods of tre-
panning. Special hand-controlled rig controls penetration of
the drill, which revolves at 250 rpm. Natural-diamond grit
of 40/60 mesh, held in heavy-duty bond, did the cutting.

The Diamond Research Laboratory in Johannes-
burg, world’'s leading authority on diamond
technology, is constantly engaged in finding new
and better uses for industrial diamonds.

Remember this: Industrial Diamonds Cut Prac-
tically Everything ... Especially Your Operating
Costs. Your wheel and tool manufacturer can
show you how. Write to this magazine for more
information.

Turning tellurium copper

A blowtorch tip of tellurium copper is turned to close
tolerance with natural-diamond tool at Victor Equipment
Co., San Francisco. The diamond tool, mounted on mov-
able ways, is advanced into the tip blank, which is angled
to achieve a taper of 39 degrees, 51 minutes. Forward and
reverse cutting cycle takes only 17 seconds, during which
.005 inch of stock is removed. Diamond tools outlast
carbide 65 to 1 in this operation.

De Beers World’s leading supplier
f diamonds for industry

Industrial Grit Distributors (Shannon), Ltd., Shannon, Ireland
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where
economy
begins

in data
processing

Designers, builders and users of EDP
systems are fighting the traditionally
high cost of computing. They wage the
dollar battle by specifying systems
components that do the job better for
less money. Like computer magnetic
tape units from Datamec. Numberwise,
known as the D2020 and the D3030.
Otherwise known for setting new in-
dustry standards in all-around econ-
omy: lower initial cost, reduced main-
tenance expense, greater up-time,
higher performance reliability.

The D2020 is an attractively-priced unit
for computer and off-line applications
where moderate speed performance is
highly practical (data transfer rates up
to 36,000 characters per second).

The D3030 offers the same unprece-
dented economy and reliability for
heavy duty, on-line use with digital
computers and other digital EDP sys-
tems requiring higher data transfer
rates (up to 60,000 characters per
second).

Some 70 leading companies already
use Datamec computer magnetic tape
units in their data systems. Want to see
the list—along with the reasons why?
Write Tom Tracy at Datamec Corpora-
tion, 345 Middlefield Road, Mountain
View, California.

BATLAMIEBE

leadership in low-cost/high-reliability
digital magnetic tape handling

LETTERS

Sirs:

I feel compelled to take issue with
some of the assertions made by Sir
Julian Huxley in his letter [SciEnTIFIC
AMERICAN, January] attempting to re-
but the severe but not unfair criticisms
of his book by A. E. Mirsky. It seems
scarcely credible that a serious scientist
can see no need for more detailed
knowledge of human genetics than is
now available to embark on a program
of genetic improvement of mankind.
Sir Julian seems to be convinced that he
knows exactly what kind of genetic en-
dowment will be best for mankind and
just how to proceed to achieve this goal.
What he is pleased to call “the modest
and voluntary methods suggested by
H. J. Muller and myself,” i.e., artificial
insemination of women by the sperm of
donors selected (by whom?) for this pur-
pose, is certainly not free of objections
on genetic grounds, even if it were
acceptable on psychological and socio-
logical grounds. Sir Julian’s letter seems
to imply that the “modest” methods
he so enthusiastically recommends has
been endorsed also by R. A. Fisher,
Bernhard Rensch, Ermnst Mayr, George
Gaylord Simpson and even Charles
Darwin; this is simply not true. Eu-
genics was in the past compromised by
hasty programs and rash promises of
its overenthusiastic supporters, and it
is liable to be hampered again by the
proposals made in the name of so-
called “humanism.” Eugenics is not
synonymous with humanism; humanism
has no meaning unless it signifies an ap-
preciation of human dignity, which is
not overabundant in Sir Julian’s “Essays
of a Humanist.”

Tueoposius DoBZHANSKY

The Rockefeller Institute
New York, N.Y.

Sirs:

I read with displeasure A. E. Mirsky’s
review of Sir Julian Huxley’s “Essays
of a Humanist” [SCIENTIFIC AMERICAN,
October, 1964] and his reply in your
January issue to Sir Julian’s letter. Un-
less Dr. Mirsky holds that intelligence
needs to be discouraged, I should like
to point out to him that while the de-
tection of genius may be too difficult
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for the tests of our psychologists, the
detection of stupidity is a task that
comes within their scope. And if the
number of stupid people is to be de-
creased, it is unnecessary to decide
whether the children of stupid parents
are stupid because of an unfavorable
combination of genes or because they
are raised in a stultifying environment.
The task in either case is to persuade
stupid people not to become parents.

GEORGE MILWEE, JR.

Nashville, Tenn.

Sirs:

In his reply to Sir Julian Huxley,
A. E. Mirsky states that “before man
can embark on a program of eugenics
he will need far more knowledge and
wisdom than he possesses today.” The
need for more knowledge is incontro-
vertible, but the statement unfortunate-
ly seems to imply that man, lacking
knowledge and wisdom, is not currently
embarked on such a program. This
widely prevalent view exists only by
grace of verbal camouflage. That the
medical use of insulin, to take one ex-
ample, is usually described as the al-
leviation of diabetes in no way changes
the fact that it is also a potent program
to increase the frequency of diabetogen-
ic genes in the population. Since such
measures are increasing exponentially
with the progress of medicine, we are
actively engaged at the present time in
selecting for biochemically and surgical-
ly supported survival as against fitness.
The result of selecting for survival in a
less and less demanding environment
is well exemplified by the tapeworm.

Although Dr. Mirsky stresses that it
is difficult to determine what to select
for, at least this one particular program
meets virtually no opposition.

That an increase in knowledge in-
evitably leads to an increase in respon-
sibility is not something we have recent-
ly learned from the atomic bomb but is
a truism that has descended to us from
antiquity. An act is criminal or not
depending on whether the perpetrator
was aware, or could reasonably be
aware, of its consequences. Until re-
cently the birth of a child with Du-
chenne’s muscular dystrophy was, in the
technical sense, an “act of God.” It isnow
possible to detect the heterozygous fe-
males who carry the defective gene on
their X chromosome, so that the brief
and miserable existence of the offspring,
being predictable, is the responsibility
of the parents. ...



One must recognize, of course, that
meeting such responsibilities is as sub-
versive to sexual morals as the doctrine
that the earth is not flat is to some
theologies. On the other hand, the exact
shape of the geoid may be of less ulti-
mate significance to the human race
than its genetic constitution.

MARTYNAS YCaAs

Upstate Medical Center
State University of New York
Syracuse, N.Y.

Sirs:

In their debate over the book review
Mirsky correctly identifies some in-
stances of logical inconsistency and lack
of care in Huxley’s argument. Mirsky
fails, however, to recognize the other
horn of the dilemma. He perceives the
perils of authoritarianism, of racism and
the lack of conclusive means of identi-
fying desirable and undesirable heredi-
tary traits. Against these dangers must
be placed the grave consequence of the
present do-nothing policy. Muller has
described our mounting “genetic load”
of deleterious genes that results from
modern technological aids to survival
and reproduction of even the poorer
specimens. He points out that a gene
that “harms its possessor only a little
does an amount of damage to the popu-
lation comparable to that done by a gene
having drastically injurious effects.”

The most probable outcome of this
dilemma is that future political, eco-
nomic and scientific developments will
enforce some form of eugenics on men
before they can reach the kind of defin-
itive social knowledge Mirsky demands.
The oppressive overpopulation that
looms ahead will certainly lead to both
quantitative and qualitative controls. In-
deed, any kind of world crisis, especially
war, would create almost irresistible
pressures for selection because under
starvation and acute shortages the sur-
vivors could scarcely afford the luxury of
drones. Even technical competition with
the U.S.S.R. and China, if it continues to
sharpen, will generate pressures for qual-
ity improvement. Finally, Mirsky im-
plied that science may achieve control
over the chemistry of heredity before
eugenics is realized. If so, his difficulty
will not be escaped. Unpleasant deci-
sions will still remain as to which genes
to “correct” and what kind of corrections
to make.

How will this selection be made?
How will it be carried out? Certainly
the 1.Q. and other standard tests, edu-

Wild" M 21
Polarizing Microscope

Developed from the basic design of the well-known Wild M 20 Research
Microscope, the M 21 incorporates important features which contribute
to increased precision, versatility and ease of use. Stand: Accommodates
every useful accessory for research, including Wild phase contrast and
photo attachments. Optics: Analyzer is above tube support, eliminating
depolarizing effect of inclined tubes. Bertrand lenses-in monoculars for
conoscopic observation. Polarizing filters have excellent extinction prop-
erties. Light Source: llluminator *'S™, 6V/20W is built in, centerable and
powerful. Facilitates Koehler illumination. Stage: Pre-centered, rotatable,
and graduated 360° with vernier reading to 0.1°.

Features a dustproof guiding slot for quartz wedges and compensators.
An optional synchronizing bracket couples polarizer and analyzer.

Write for booklet M 21.

*The first name in Surveying Instruments,
Photogrammetric Equipment and Microscopes.
WILD HEERBRUGG INSTRUMENTS, INC.

®
WILD PORT WASHINGTON, NEW YORK

Full In Canada: Wild of Canada Ltd.
HEER 0
“MARCRERER  Factory Services  gg) Lady Ellen Place, Ottawa 3, Ontario
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...and so 1s this

...and so 1s this

It’s the only custom-built recorder that’s standard

Your choice of combinations is almost infinite . . . with this new generation of the
pace-setting Mark 200. Now you can eliminate ‘“‘special’’ engineering time and costs.
You specify your recording requirements. Then Brush quickly meets them with the
perfect combination of off-the-shelf modular sub-systems. What’s off-the-shelf at
Brush...isn’t even on the drawing board elsewhere. All the electronics are solid state.
Take your choice of penmotors: two channel 40mm; high resolution 80mm; eight
channel “‘yes-no’’ event markers (all on one recorder . . . in any combination . . . on the
same chart...on a common time base!) Take your choice of oscillographs: vertical, pull-
out horizontal or wide-view horizontal. Take your choice of 32 different preamplifiers.
And you’re way ahead with Brush innovations that set new standards in oscillography.
A contactless super sensor called Metrisite . . . “polices’” pen position to assure
better than %% accuracy. Useful frequency response to 200 cps. True rectilinear
motion. Pressurized inking produces traces so crisp and accurate you can’t misread
the signal. All this with over 10,000 channels of field performance! A new booklet
has the complete story on the Mark 200, Series 1707. Write for it. Brush Instruments,

37th & Perkins, Cleveland, Ohio 44114.

——bI'USh INSTRUMENTS DIVISION
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cation and performance under formal-
ized instruction are not definitive cri-
teria of innate capacities. Yet we may
expect continuing efforts to improve the
material conditions of life and intellec-
tual opportunities for all who can take
advantage, as well as improvements in
devices to detect the various human
abilities. If and when the selection must
be made, hopefully it will be conducted
in a humane manner on the basis of
the best evidence and judgement—sim-
ilar to the sterilization laws of the more
progressive states. It will encourage and
reward reproduction among those with
demonstrated capacities, while using
similar techniques to discourage re-
production among those with minimal
ability. Should gene manipulation be

| achieved, these tentative and pragmatic

decisions will have to be made, perhaps
aided by some experimental alterations
of heredity conducted on a voluntary
basis.

BRUCE STEWART

Michigan State University
East Lansing, Mich.

Sirs:

What deeply bothers me regarding
the debate between Sir Julian Huxley
and A. E. Mirsky on whether or not we
are ready to apply eugenics is that Mir-
sky seems to have accepted Huxley’s
premise that the prime question here is
only one of sufficient scientific data. The
all-encompassing ethical consideration of
whether or not any man or group of men
ever have the right to tell any other man
or group of men whom to marry or how
many children to have has been pur-
posefully subordinated, if not entirely
overlooked. When all the major evi-
dence on eugenics is finally in, Huxley’s
ideology will still have to answer for
the fact that he advocates applying sci-
ence with soldiers. Overpopulation is
certainly a crucial and geometrically
growing problem in our world, but a
larger problem is and will be that most
human beings, residing even 1,000
miles apart, will not allow each other to
live. Could it be because at the root
they believe in the efficacy of force
rather than mind?

Homo sapiens is that unique species
with a fully conscious, rational faculty;
to forgo that faculty and treat its mem-
bers as so many cattle shows a latent
cynicism for science as well as a patent
disregard for morality. Those scientists
who protest so much their desire to
“improve the species” either possess a



subconsciously different desire or have |
in mind the wrong species.

PaurL G. NEIMARK

Editor-in-chief
New Classics House
Chicago, IIl.
[

Sirs:

I am surprised that Martin Gardner,
in his column on tetrahedrons [“Mathe-
matical Games,” February], described
the caltrop without giving its name. Or
is he counting readers?

J. Ao Amy

Downer’s Grove, Il

Sirs:

I can only reply by paraphrasing Dr.
Johnson: “Sheer ignorance, sir.” The
Oxford English Dictionary defines the
caltrop as “an iron ball armed with
four sharp prongs or spikes, placed like
the angles of a tetrahedron, so that
when thrown on the ground it has al-
ways one spike projecting upwards:
Used to obstruct the advance of caval-
ry, ete.”

MARTIN GARDNER

Hastings-on-Hudson, N.Y.
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Paper Machine
for
Experimental |

20

WATCH
YOUR
IDEAS

EMERGE

What next in paper-like materials? Heavy powdered catalyst
fillers? Insulation that defies age? Controlled radioactivity? New
fibers? What ideas have you?

We invite you to work them out on Riegel’s “Machine X.” It's
a small but complete paper machine 90 ft. long. Rent it for as long
as you like. You bring ideas and objectives. We provide experi-
enced paper technicians . .. versatile pulping, refining, coating,
and drying equipment . .. and of course, counsel on fibets, fillers,
coatings.

“Machine X' has already given birth to a new felt-like filter
containing 77% charcoal, thin electronic insulations, papers of
glass, nylon, polyester, acrylic and other man-made fibers, eso-
teric impregnated and coated webs. You may have the privilege
of the next profitable break-through. Let’s talk.

RIEGEL PAPER CORPORATION ‘Rieg
P.0.Box 250, MurrayHill Sta.N.Y.16,N.Y. el
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LEITZ ORTHOMAT

Versatile, easy-to-use, automatic micro-camera

The Leitz Orthomat puts the most advanced
photomicrographic techniques at your dis-
posal with push-button simplicity. Its exclu-
sive features are years ahead of any other
micro-camera—even other “automatics.”
And the Orthomat works hand-in-glove with
the incomparable Leitz Universal Research
Microscope. Result: the Orthomat becomes
an automatic camera-microscope capable of
economically solving the most difficult pho-
tomicrographic tasks at a timesaving touch
of a button. Write for more information on

the automatic, Orthomat micro-camera.
50164

E. LEITZ, INC., 468 PARK AVE. SO., NEW YORK, N.Y.
Distributors of the world-famous products of
Ernst Leitz G.m.b.H., Wetzlar, Germany —Ernst Leitz Canada, Ltd.
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20 AND 100
YEARS AGO

MARCH, 1915: “The decisive factor
in the titanic struggle which is sweeping
to and fro over the plains of Poland and
East Prussia is not General von Hinden-
burg nor Grand Duke Nicholas but Gen-
eral Locomotive. After giving due credit
to the strategical skill of the German
and Russian generals, to the wonderful
military efficiency of the German army
and to the traditional stubbornness and
bravery of the Russian infantry, it has
become evident during the first six
months of the great war that the fun-
damental determining condition of suc-
cess, for one side or the other, is the
propinquity of the contending armies to
the network of military railroads which
approaches and everywhere covers the
German frontiers. In East Prussia, Rus-
sia has already suffered the two greatest
defeats in her history, and in each case
the defeat has been mainly due to the
ability of von Hindenburg to concen-
trate rapidly against the enemy an over-
whelming force which was rushed there
over the admirable German system of
railroads.”

“The last annual report of the Mount
Wilson Observatory states that all the
larger parts of the mounting for the
100-inch reflector (which will be much
the largest telescope in the world) will
probably be assembled at the Fore River
shops, where they have been construct-
ed, in time to permit shipment to Pasa-
dena via the Panama Canal early this
year. The circular steel building and
dome will probably be completed next
summer so that the mounting may be
set on the pier in the autumn. Mean-
while good progress has been made with
the capital task of grinding and figuring
the great mirror.”

“We are in receipt of a letter from
Mr. E. B. Stiles of Manchester, Iowa,
in which he writes: ‘I notice that in
a recent issue of Scientific American
you make mention of the death of
Charles M. Hall, of aluminium fame.
You might be interested to know that it

© 1965 SCIENTIFIC AMERICAN, INC

was the reading of Scientific American
that first interested Mr. Hall in a method
of extracting aluminium from the clay
earths. I distinctly remember being at
his father’s home in the fall of the year
1880, when he was about 16 years of
age. One Sunday afternoon, in taking a
walk with him, he explained to me that
there was a valuable metal contained
in the clay which abounds in northern
Ohio, with many of the qualities of
copper, and that if a cheap method of
extracting the same could be found, the
metal would be of very great use in the
arts. Although he was a little older than
myself, I expressed my incredulity, but
he assured me that he had read about
the matter in Scientific American and
it could be depended upon. I think
there is no question but that beginning
with his perusal of Scientific American
when he was a mere boy, he never gave
up his determination to find a method
for the production of aluminium until
he, while still a very young man, suc-
ceeded in his purpose.””

“The Hon. Bertrand Russell has writ-
ten a preface to a new translation of the
late Henri Poincaré’s Science and Meth-
od, in which he sympathetically sets
forth the significance of Poincaré’s work
in this age. One must endorse his esti-
mate of Poincaré’s writings. ‘It has the
freshness of actual experience,” Mr. Rus-
sell asserts with justice, ‘of vivid in-
timate contact with what he is describ-
ing.... His wit, his easy mastery and
his artistic love of concealing the labor
of thought may hide from the non-
mathematical reader the background of
solid knowledge from which his ap-
parent paradoxes emerge. Often behind
what may seem a light remark there lies
a whole region of mathematics which

he himself has helped to explore.””

MARCH, 1865: “On Sunday morning
at three o’clock the wires of the Western
Union Company were connected with
the Pacific lines and communication was
established direct between New York

and San Francisco. Though the weather
was bad, rain falling at the time at
many points on the route, the wires
worked well and a considerable amount
of business was transacted. The distance
is nearly 3,000 miles and the difference
in time about four hours. This is un-
questionably the longest circuit ever



Report from

LABORATORIES

Chemist W. G. Guldner examines appa-
ratus for “flashing” thin-film samples to
remove gases for analysis. Helical tube
is xenon flash surrounding vacuum cham-
ber indicated in drawings below.

“FLASHING™ THIN FILMS FOR QUANTITATIVE ANALYSIS

In making tantalum thin-film cir-
cuits, the tantalum is deposited on a
substrate. Nitrogen is added during
the deposition to form tantalum ni-
tride, which helps stabilize resis-
tance and capacitance values. After
a film is formed, one then needs a
quantitative analysis of the amount
of nitrogen and other gaseous ele-
ments it contains.

A new technique has been devel-
oped at Bell Laboratories to perform

A S,
y 4 _ VACUUM
CHAMBER
TANTALUM :
FILM '.

SUBSTRATE 4

this analysis quickly and accurately.
As shown in the photograph above and
in highly simplified form in drawing
A, a sample of a film on its substrate
is placed in a glass vacuum chamber.
This chamber, surrounded by a xenon
flash tube, is then subjected to a one-
millisecond flash of light. As indi-
cated in drawing B, the light energy
is selectively absorbed by the film
and has little effect on the substrate
or on the walls of the glass chamber.

XENON
LIGHT

B \.\: 5 "’I' = /

| g viPORIZE *:

FIL Mo
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The film is vaporized, and the temper-
ature is high enough to dissociate the
tantalum nitride.

Drawing C illustrates the chamber
after the flash. Tantalum atoms have
been driven to the inside walls of the
chamber and are there condensed.
Most of the released nitrogen and
other elements are now in gaseous
form within the chamber. These are
pumped out for analysis by gas
chromatography or other means.

DEPOSITED
TANTALUM

S~ RELEASED
N GASES

o
\_* # Researchand Development Unit of the Bell System

Bell Telephone Laboratories



The 3-dimensional image changes perspec- Size of image is a direct function of wave-
tive when viewed through different parts of length. The yellow image was made with
the hologram 5682%illumination, the blue with 4880%.

“Laser photography”
takes 3-D pictures without lenses

There's a kind of magic about the hologram', even when you
know its secret. You look at it in ordinary light and see merely
an exposed photo negative, with no hint of the fascinating in-
formation contained in the grayish random patterns on its sur-
face. But with coherent light you can transform these random
patterns into an infinite number of sharp, detailed, virtual or
real images in three dimensions.

Holograms are made by exposing a photographic emulsion —
without camera or lens — near a subject illuminated by radiation
from a highly coherent CW laser. The result is a Fresnel diffrac-
tion pattern capable of reconstructing wave fronts?, when placed
in a beam of coherent light, to re-create in space a three-dimen-
sional image of the original subject.

If you're interested in coherent light for holograms or any
other purpose, we'd like an opportunity to acquaint you with our
products, and show you why the great majority of CW gas lasers
in use today were made by Spectra-Physics. May we send you
our current literature? Write
us at 1255 Terra Bella Ave., Eﬁpectra Physics

Mountain View 3, California.

1D. GABOR, NATURE 161, 777 (1943); PROC. ROY. SOC. (LONDON) A., 197, 454 (1949)
2E. LEITH AND J UPATNIEKS, J. OPT. SOC. AM. 52, 1123 (1962); 53, 1377 (1963).
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worked, and the fact that such length of
wire was telegraphed over in one cir-
cuit is a notable event in the history of
telegraphy.”

“Mr. Thomas Cook, correspondent of
the New York Herald, writes as follows
from Fort Fisher:—The enormous shells
of the monitor were thrown with unerr-
ing precision at so short a range, every
one exploding with effect. Not a shot
was wasted from this vessel. Although
she fires but slowly, she accomplished
infinitely more in attacking such a work
than all the rest of the fleet combined.
With her it is a perfect matter of indif-
ference whether the fort responds or
not, and at every discharge cartloads of
sand are shoveled out of the wall of
the fort.””

“A strange discovery, il true, has
just been made at Pompeii. The Italia
of Naples states that a fountain has
been discovered there covered with
zine. It is added that this is the first
time that the said metal has been found
at Pompeii. We should think so, for
though the ore was known to the Ro-
mans, metal was not extracted from it,
so far as our knowledge goes, until the
16th century by Paracelsus.”

“M. H. Tresca has communicated a
paper on the flow of solids under pres-
sure to the French Academy, in which
he details experiments to show that
‘solid bodies can, without change of
condition, fHlow after the manner ol
liquids, if sufficient pressure is exerted
on them.” Mr. Tresca thinks that opera-
tions of this kind may explain cases of
intrusion of one rock into another.”

“Of the new lines in London proba-
bly the most remarkable is that pro-
posed under the name of the Waterloo
and Whitehall Railway. This is a pneu-
matic line, not for the conveyance of
parcels only, not an iron tube like the
gigantic pipe between the Post Office
and Euston Square; it is an extension
of the plan that has been for some time
exhibited in operation in the grounds
of the Crystal Palace at Sydenham. The
tunnel admits about a full-sized omnibus
carriage, which is impelled by the pres-
sure of the atmosphere behind the
vehicle, produced by lessening the den-
sity of the air in front. It is an under-
ground railroad worked without loco-
motives. The proposed line will run in
a tunnel under the Thames and open a
communication between Whitehall and
Waterloo Station, near Vine Street.”



The Accutron tuning
fork divides every second
into 360 equal parts.

Old-fashioned balance Accutron tuning fork
wheel is still used in all wind, keeps virtually perfect time
self-wind, and electric and comes with the
watches. [tis not used in the first guarantee of accuracy

Accutron movement. ever given.

Inside this timepiece you’ll find no bal-
ance wheel, no mainspring, no watch-
works at all.

None of the parts that make a watch
run fast or slow. None of the parts that
have to be cleaned or maintained.

Accutron time is kept by the vibrations
of a tuning fork running on an electronic
circuit.

Now then. A regular watch divides a
second into 5 parts. Tick tock tick tock
tick.

The Accutron tuning fork divides a sec-
ond into 360 parts. (It doesn’t have time
to stand around ticking, but it does hum
while it works, and you can hear it if you
hold it to your ear.)

And because of this unusual precision,
the Accutron movement comes with the
first guarantee ever given for the time
you’ll keep.

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

We might also add that the U.S. now
uses Accutronmovements in satellites and
has issued them to all X-15 pilots.

Of course, if you aren’t an X-15 pilot,
something can still be worked out.
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Brrrrr!

Good serviceability at tempera
tures down to —30°F, plus oil and
orone resistance.

Fights Heat

Excellent performance in hot oils,
including sulfur-bearing, extreme

pressure lubricants

Now
there’s.a choice
in
acrylic rubbers

For 16 years, Hycar 4021 (America’'s most
widely specified acrylic elastomer) has
been solving problems in oil resistance at
high temperatures. Today, demands are
more varied.Sowe have developed several
new Hycar acrylic rubbers, and now you
can select one that offers the balance of
properties your product needs: low temp-
erature performance, heat resistance,
easy processing, ozone resistance, oil
resistance, low corrosion and others. Get
facts about the expanded family of Hycar
acrylic rubbers from B F.Goodrich Chem-

ical Company, Dep :
GA-3, 3135 Euchd \ BEGoodrich /
lly«"®

Avenue, Cleveland,
Ohio44115.InCanada:
Kitchener, Ontario.

BEGoodrich Chemncal
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MAURICE A. GARBELL (“The
Jordan Valley Plan”) is president of the
firm of Maurice A. Garbell, Inc., con-
sulting aeronautical engineers and me-
teorologists, and of the Garbell Research
Foundation, both in San Francisco. He
received the degree of Doctor of Me-
chanical and Industrial Engineering
from the Institute of Technology in
Milan in 1938. For 23 years he has
served various U.S. Government agen-
cies and several private firms as an
independent consultant. Among his nu-
merous inventions are a “stall-safety
wing,” which is in use on propeller-
driven and turbojet aircraft, and a me-
teorological instrument (in use by the
Atomic Energy Commission) for the
precise measurement of wind direction.
Garbell was the author of the article
“The Sea that Spills into a Desert” in
ScIENTIFIC AMERICAN for August, 1963.

LESTER H. GERMER (“The Struc-
ture of Crystal Surfaces”) is visiting pro-
fessor of physics at Cornell University.
He was graduated from Cornell in 1917,
just in time to serve in World War I.
Thereafter he obtained master’s and
doctor’s degrees at Columbia Univer-
sity. For many years Germer was a re-
search physicist at the Bell Telephone
Laboratories, retiring in 1961. During
much of that time he studied the open-
ing and closing of electrical circuits; he
estimates that such events “occur more
than one million times per second in
the telephone switching offices of the
U.S.” With his recent work on crystal
surfaces Germer has returned to a field
in which, as he puts it, he “made some
preliminary contributions many years
ago.” One may assume that this refers
to his work with C. J. Davisson that led
to the discovery of the wave properties
of the electron, for which Davisson (to-
gether with G. P. Thomson) received
a Nobel prize.

BRIAN B. BOYCOTT (“Learning in
the Octopus”) is reader in zoology at
University College London. He is a
graduate of Birkbeck College London,
which he attended while employed as a
laboratory technician at the National
Institute for Medical Research. After a
short time lecturing in zoology at Uni-
versity College he spent five years as a
research assistant in the anatomy de-
partment, returning to the zoology
department in 1952. Boycott writes that
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What science-oriented
companies think about

SCIENTIFIC
TENNESSEE

Raves rate exclamation marks! And Ten-
nessee gets plenty of enthusiastic remarks
from scientific companies who find a home
here. Here’s why we think you'll agree
with them:

& “_ YOU'LL BEIN | |
i ¢/ GOOD COMPANY!
Tennessee has Oak Ridge, the nation’s
first city of scientists. One town with 8

nuclear reactors and 6 major
accelerators! It's been joined
by the future center of aero-
space education at the Univer-

sity of Tennessee Space Insti-

tute at Tullahoma.. . Arnold En-

gineering Development Center

Sperry Rand . . . Raytheon
. .and many more science-ori-
| ented companies whose contri-
.5“ butions to technological prog-
+®, ress range from minute “0”
rings to the latest Hawk mis-
siles.(Oh, yes . .. and Huntsville
is just across the state line!)

THEN, THERE'S
MANPOWER!
Tennessee is a rich source of eager, easy-
to-train men (and women) . . . always will-
ing to give a day’'s work for a day’s pay.
(Refreshing thought, isn’t it?) J

MANY MORE
TENNESSEE
ADVANTAGES!
100% financing available - low-cost power
+ navigable waterways < good business

climate « convenient location - great rec-
reation. (Just to name a few!)

IT ALLADDS UP TO
MORE PROFIT!

Profitable Tennessee means rock-bottom
costs. See about Tennessee now. Write on
company letterhead or mail coupon below.

ABUNDANT
TENNESSEE

DIVISION FOR
INDUSTRIAL DEVELOPMENT
Office of the Governor
11-1 Cordell Hull Bldg., Nashville, Tennessee
Please send Tennessee industrial data.

Name

Firm.
Address.

State.

—

I City.




in addition to his investigations of the
octopus he is “currently working on
the vertebrate retina and changes in the
structure of the brain of hibernating
mammals.” Although he bears a sur-
name that has entered the language as
both a common noun and a verb, he is
not related to the Captain Charles Boy-
cott whose activities were responsible
for the origin of the word.

LAURENCE J. CAHILL, Jr. (“The
Magnetosphere”), is associate professor
of physics at the University of New
Hampshire. He is a native of Maine and
a graduate of the United States Military
Academy. After leaving West Point in
1946 he spent eight years in the Air
Force, first as a fighter pilot and then
as a physicist in the Air Research and
Development Command. Cahill re-
signed from the Air Force in 1954 and
entered the State University of Iowa,
where he received master’s and doctor’s
degrees. He went to the University of
New Hampshire in 1959 as assistant
professor of physics and has been there
“since except for 14 months with the
National Aeronautics and Space Ad-
ministration in Washington. “I join my
family whenever I can,” he writes, “in
sailing on the Maine coast and in skiing
wherever we can find snow.”

KEITH R. PORTER and CLARA
FRANZINI-ARMSTRONG (“The Sar-
coplasmic Reticulum”) are respectively
professor of biology at Harvard Univer-
sity and an investigator at University
College London. Porter, a native of
Nova Scotia, was graduated from Aca-
dia University in 1934 and obtained a
Ph.D. at Harvard in 1938. He was with
the Rockefeller Institute for 22 years
before joining the Harvard faculty in
1961. Mrs. Franzini-Armstrong was
born and educated in Italy and then
worked with Porter at Harvard before
going to University College, where she
is “working on the mechanism of con-
traction of crab muscle fibers.” She is
expecting her first child this month.

PETER F. OSTWALD (“Acoustic
Methods in Psychiatry”) is associate
professor of psychiatry at the University
of California School of Medicine in San
Francisco, from which he was graduated
in 1950. He also did his undergraduate
work at the university. From 1951 to
1956 he was a resident in psychiatry at
New York Hospital, returning then to
the University of California School of
Medicine. Ostwald reports that a child-
hood interest “in communication with
sounds led to the study of music and to

RESERVED ?

The desk is . . . but not the atmosphere. The desk is reserved for the man
who wishes to participate in long-term research and development pro-
grams or to develop data systems for all applications. The atmosphere is
unreserved. Our Burlingame, California and Sierra Vista, Arizona research
centers offer the facilities, the stability (14 years of successful perform-
ance), and the working environment necessary for productive research.

Are you currently engaged in research, development or implementation
in any of the following areas?

Fluid dynamics e Soil and structural mechanics e Nuclear and thermal
radiation e Explosion technology e Vulnerability analysis ¢ Mathemati-
cal and statistical modeling ¢ Computer simulation e Logistics ¢ Man-
agement information systems e Computer programming aids, languages
and applications.

If your experience and interests parallel ours, please send us a resume.

TRS
|

CORPORATION
1811 Trousdale Drive, Burlingame, California

*Still known to some of our older friends as Broadview (BRC), United Research Services (URS), and various
other aliases reflecting a spirit of experimentation AN EQUAL OPPORTUNITY EMPLOYER ~ BY CHOICE

A HEATH-BUILT ELECTRONICS LAB
FOR RESEARCH & EDUCATION

(Available As A Coordinated System Or As Individual Units)
Complete Lab Station $1100 (less optional cabinet)

Educators and researchers will find this lab station the most
modern and complete group of its type in the industry today!
Designed by Heath in close association with Dr. H. V. Malmstadt
of the University of Illinois and Dr. C. G. Enke of Princeton
University, the EU Series provides researchers in both the physical
and life sciences a solid foundation in the principles, design and
use of electronic instrumentation plus the highly accurate equip-
ment necessary for their work. The system includes factory
assembled & calibrated test equipment, special purpose lab
instruments, special experimental groups featuring ‘‘solderless’
spring-clip connectors and the authoritative Malmstadt-Enke
text ““Electronics for Scientists.”” Send for Free brochure today
for complete details!

Y 5t

HEATH COMPANY, Dept. 36-3
Benton Harbor, Mich. 49023

[] Please send free 8-page EU-100 Brochure. |
E] Please send free 100-page Heathkit Catalog. i

Name

Address— S — —
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preventive maintenance on new

automatic
traffic control system

with the aid of a Tektronix Oscilloscope

At the new Traffic Control Center,
Toronto, Canada, an engineer observes
waveform displays from a Tektronix
Oscilloscope—to help him evaluate
operational characteristics of a printed
circuit card, one of thousands used in
the UNIVAC 1107 Thin-Film Memory
Computer.

Observing these waveform displays,
the engineer can tell immediately if the
circuit card meets test specifications
and can be installed in the main frame
of the computer.

Accomplished quickly and reliably
with a card analyzer and Tektronix Os-
cilloscope, this preventive-maintenance
testgivestheengineeradded assurance
of computer proficiency in daily work
of traffic simulation and analysis.

Perhaps a Tektronix Oscilloscope can
help you speed up and simplify your
own preventive-maintenance pro-
grams. Why not call your Tektronix
Field engineer and find out?

Tektronix, Inc.

The photo at City Hall below shows the UNI-
VAC 1107 Computer (left), the special-pur-
pose Traffic Control Computer (center), and
the card analyzer featured in the major illus-
tration (right). Engineer is checking console
of the control computer which accumulates
data at high speeds from traffic-detector
sensors in  metropolitan Toronto's new
traffic-control system.

Designed by the UNIVAC Division of Sperry
Rand Corporation, the computer-based sys-
tem now continuously and automatically
analyzes movement of vehicles within a
controlled area of 100 intersections, and will,
by 1965, control traffic flow at over 1000
intersections.

P.0.BOX 500 « BEAVERTON, OREGON 97005 + Phone: (Area Code 503) Mitchell 4-0161 » Telex: 036-691
TWX:503-291-6805 - Cable: TEKTRONIX + OVERSEAS DISTRIBUTORS IN 25 COUNTRIES
TEKTRONIX FIELD OFFICES in principal cities in United States. Consult Telephone Directory.
Tektronix Australia Pty., Ltd., Melbourne; Sydney ¢ Tektronix Canada Ltd., Montreal; Toronto
Tektronix International A.G., Zug, Switzerland « Tektronix Ltd., Guernsey, C. I.

Tektronix U. K. Ltd., Harpenden, Herts
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violin-playing” and that “during ado-
lescence I became interested in psycho-
analysis and decided to go into
medicine.” In addition to his teaching
and research he maintains a private

| practice of psychiatry. He writes: “My

interest is in psychotherapy as a way to
explore and modify emotional problems,
and I am curious to find out how
scientific techniques can be developed
and applied to the study of the doctor-
patient relationship.”

ROBERT A. CHIPMAN (“De Forest
and the Triode Detector”) is professor
of electrical engineering and chairman
of the department of electrical engineer-
ing at the University of Toledo. He is a
native of Canada and was graduated
from the University of Manitoba in
1932. Thereafter he went to England
for graduate work at the University of
Cambridge, where he received a Ph.D.
in 1939. Chipman taught at McGill Uni-
versity for 11 years before going to
Toledo in 1957. Concerning the history
of electrical science he writes: “At-
tempts to fill in a historical background
as one teaches electrical physics or elec-
trical engineering quickly reveal the
fragmentary and disconnected state of
the documentary reports on the history
of most electrical topics.” Chipman’s
current interest is “the development of
wireless telegraphy in the U.S. from
1895 to 1910 or 1915, a period of chaos
and confusion, in many respects more
comic than productive.”

FRANCIS H. HARLOW and JACOB
E. FROMM (“Computer Experiments in
Fluid Dynamics”) are investigators at
the Los Alamos Scientific Laboratory.
Harlow was born in Seattle and re-
ceived his entire university education
there at the University of Washington,
where he obtained a Ph.D. in 1953.
That same year he went to Los Alamos,
where he is currently involved with the-
oretical work on numerical methods for
fluid dynamics studies. Fromm, who is
from Colorado, did undergraduate work
at the University of Colorado and grad--
uate work at the University of Cali-
fornia at Los Angeles. He has been at
Los Alamos since 1956; he reports that
his current work is “numerical study of
the Bénard Problem (thermal convec-
tion through a horizontal layer of fluid).”

MARTIN J. KLEIN, who in this issue
reviews a collection of Lord Rutherford’s
papers and two books about Rutherford,
is professor of physics at the Case Insti-
tute of Technology.



Lots of ideas give UOP grow-power!

UNIVERSAL OIL PRODUCTS COMPANV

Des Plaines, lllinois, U.S. A,, in the Greater Chicago Area
WHERE RESEARCH IS PLANNED WITH PROGRESS IN MIND®
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for the

Curves on recorders (top to

Francis L. Moseley built his first x-y re-
corder in 1935 to plot vacuum tube charac-
teristics automatically. In 1951 he formed a
company to build commercial x-y recorders.

X-Y recorders enabled science to produce
significant, permanent recordings of two
independent variables without laborious
manual plotting. Today, F. L. Moseley
Co. (since 1958 affiliated with Hewlett-
Packard) remains the leading and, in many
cases, the only source of state-of-the-art
x-y recording capabilities.

Recorder precision was pioneered by estab-
lishing basic recorder accuracy of 0.29%
of full scale with basic sensitivity of 5 milli-
volts full scale. The zener diode internal
reference used by Moseley brought new
absolute accuracy to recording mechanisms
by comparing the input with a recorder-
controlling voltage more precise than any
previously known.

The newest Moseley recorders feature a
five-to-one improvement in recorder sensi-
tivity, common mode rejection to 140 db,
and high impedance input circuits. They
provide one inch of pen movement for as
little as 100 microvolts signal input; they

RECORD

you can do your best plotting

with Moseley recorders
from Hewlett-Packard

accurately plot small variations in high
level voltages; and they make measure-
ments without interfering with the circuits
being measured.

The reliability and versatility of Moseley
recorders have become standards of the
industry. Other achievements include high-
accuracy time sweep for recording one vari-
able against time, with adjustable sweep
length and automatic reset; electric paper
holddown to replace noisy, less efficient
vacuum systems; solid-state reliability; a
variety of x-y recorders from 815" x 11"
to 32” x 32”; two-pen models, automatic
chart advance, and today's most complete
line of x-y recorder accessories.

For applications ranging from simple pro-
duction line testing to the most sophisti-
cated of scientific research, the x-y recorder
is a convenient tool for producing an easily
read plot of any phenomena that can be
converted into electrical signals. By pro-
viding a complete range of such recorders,
economy models to today’'s most advanced,
Hewlett-Packard makes another important
contribution to the science of electronic
measurement and display.

Hewlett-Packard’s Moseley affiliate offers 52 models of x-y recorders, one ideal

for your recording need. They range in price from $975 for a minimum-requirement type
to $3950 for the largest plotting boards. In addition, the company delivers a line of
flexible strip chart recorders, plus today’s most complete line of complementary
accessories. Contact your local Hewlett-Packard field engineer for complete data

or a demonstration of any model.

HEWLETT-PACKARD

Palo Alto, California 94304 (415) 326-7000
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bottom) show: comparative diode
characteristics; distorted square wave
plotted from sampling oscilloscope;

transistor characteristics;

nuclear pulse height analyzer plot.
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Variable thrust rocket engine for

space vehicle attitude control

An efficient and simple means of pro-
ducing variable thrust capability has
been one of the significant objectives
in the continuing search for optimal
space vehicle attitude control tech-
niques. Current techniques for variable
thrust levels require complex mecha-
nisms or a series of size staggered units
at each station. Bendix Research Lab-
oratories has demonstrated a variable
thrust attitude control liquid bipropel-
lant rocket engine. The engine is of
simple design, and is capable of good
throttling accuracy and high fuel effi-
ciency utilizing fixed injector and
chamber geometry.

The Bendix engine can be operated
in a proportional mode (50-1 throt-
tling range), in a pulse mode (5 milli-
second response), or in a combination
proportional-pulse mode to obtain an
extremely wide dynamic range of
integrated impulse. These new tech-
niques result in a state-of-the-art
advancement for space vehicle atti-
tude control, velocity vernier control,
drag compensation or any such appli-
cation requiring a wide range of pre-
cise thrust control.

The Bendix design embodies a
vortex combustion chamber. The need
for a new combustion chamber design
was dictated by the conflicting re-
quirements for combustion stability
during throttling and for fast response
during pulse operation; the vortex
combustion chamber design meets
both requirements and results in a
shorter and more compact envelope
which is easier to integrate into a

Research Laboratories Division
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vehicle structure. For example, a 25
pound thrust unit with the vortex
combustor, having a characteristic
length (L*) of 7 inches, has shown
stable efficient combustion with a
characteristic velocity (C*) equal to
93% of the theoretical value. In addi-
tion, the Bendix design minimizes heat
soak-back problems by isolating the
combustion zone from the exterior
walls.

A companion on-off, electropneu-
matic two-stage valve was provided
as an integrated assembly with the
vortex combustor. Response time of
0.005 second was realized from signal
initiation to 90 percent of rated thrust
for engines in the 10 to 100 pound
thrust class. The integrated package
was designed to anticipate all of the
response compromising considerations,
such as line dynamics, stagnation vol-
umes and electrical power demand.
The two-stage design results in a
typical control power requirement of
3 watts for a 50 pound thrust engine.

Throttling is accomplished by con-
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trolled injection of an inert gas into
the liquid fuel and oxidizer ahead of
the combustion chamber injectors. The
inert gas displaces the liquids and
throttling of propellant flow is pro-
portional to the amount of inert gas
injected. Stable efficient combustion
is maintained over the throttling
range.

For space vehicle attitude control,
this integrated package provides a
high degree of flexibility in choosing
the best control law and adaptive
logic, and eliminates the need for
use of complicated designs or multi-
ple thrust level engines.

Bendix Research embraces a wide
range of technology including acous-
tics, nuclear, solid-state physics, quan-
tum electronics, mass spectrometry,
photoelectronics, electron beam and
tube technology, measurement science,
applied mechanics, energy conversion
systems, dynamic controls, systems
analysis and computation, navigation
and guidance, microwaves, digital
techniques, data processing and con-
trol systems. Motivation: to develop
new techniques and hardware for The
Bendix Corporation to produce new
and better products and complete,
integrated, advanced systems for aero-
space, defense, industrial, aviation,
and automotive applications. Inquiries
are invited. We also invite engineers
and scientists to discuss career posi-
tion opportunities with us. An equal
opportunity employer. Write Director,
Bendix Research Laboratories Divi-
sion, Southfield, Michigan.

WHERE IDEAS
UNLOCK
THE FUTURE

hy. BV

CORPORATION
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The Jordan Valley Plan

The historic region at the eastern end of the Mediterranean is
especially suited to a unified development of water resources.

Some advances have been made in spite of Arab-Israeli tensions

desert conditions now prevail in

much of the region once known as
the Fertile Crescent. At the time of the
Roman and Byzantine empires these
lands just east of the Mediterranean sup-
ported a population substantially larger
than they do today. Moreover, the ear-
lier peoples had on the whole a higher
standard of living than most of the
present inhabitants.

lt is an irony of history that semi-

WATER SITUATION IN MIDDLE EAST is summarized. The

number with the name of each major river shows the river’s

by Maurice A. Garbell

The degradation of the region came
about almost entirely because of human
discord and neglect. The ancient peoples
had ingeniously developed the lands
of the Fertile Crescent by the intelligent
use of meager water resources. Their
technique was mainly efficient storage
of water in cisterns and in open reser-
voirs, supplemented by well-planned
irrigation, terracing and tree planting.
Then invaders laid waste to the region
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and a long decline set in. A succession
of indolent and mutually intolerant
peoples allowed the cisterns and reser-
voirs to fall into ruin, the irrigation
channels and the terraces to crumble,
the trees to be cut down, the low vege-
tation to be destroyed by sheep and
goats and the land to be scoured by
erosion.

Only in recent years has any system-
atic effort been made to arrest the de-
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average annual flow in millions of cubic meters. The portions of
the map in dark color indicate regions that are under irrigation.
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JORDAN’S GREAT YARMUK PROJECT takes water from the itself unsuitable for irrigation because it flows below sea level and
Yarmuk River and channels it into a canal system that carries it is markedly saline. Shown above is a completed portion of the canal
southward to irrigate farmlands along the River Jordan, which is system, which takes its name from the main East Ghor Canal.

ISRAEL’S NATIONAL WATER CARRIER PROJECT includes a portion of the conduit carrying saline effusions from the region

various works designed to use fresh water from the upper Jordan toward their ultimate destination in the Dead Sea. Israel is divert-
River and to reduce the salinity of Lake Tiberias. Shown here is ing the flow of several saline springs that once fed into the lake.
24
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cline and to restore a flourishing agri-
culture by modern techniques of conser-
vation and water distribution. Israel in
particular is making remarkable progress
in this direction [see “The Reclamation
of a Man-made Desert,” by Walter C.
Lowdermilk; SCIENTIFIC AMERICAN,
March, 1960]. More recently the Hash-
emite Kingdom of Jordan has likewise
begun to develop its water resources.
Because of their common hydrographic
endowment both nations must depend
primarily on the waters that flow into
the River Jordan. Lebanon and Syria
are also affected, although less signifi-
cantly, because some of the Jordan’s
headwaters originate in those countries.

Logic would prescribe that the most
effective use of the water resources in
such a situation would be made by a
common undertaking, similar to the
Tennessee Valley Authority, directed
toward the unified development of a
jointly held and mutually needed river
system. Indeed, several such plans for
the Jordan valley were integrated into a
unified plan that gained the technical
agreement of the parties concerned but
was not adopted explicitly by the Arab
participants because of the political
impasse between Israel and the Arab na-
tions. Even so, Israel and Jordan have
managed to proceed individually with
aspects of the plan—aspects that are in
fact virtually dictated by the hydrog-
raphy of the region. Lately, however,
the situation has become fraught with
the danger of open conflict. The danger
arises from the declared intent of the
Arab nations to divert several of the
Jordan’s headwaters before those waters
reach Israel. Such an action would
violate the concepts of the unified water
plan I have mentioned. Israel has as-
serted that she would take serious
measures against such a move.

It appears likely that political efforts
to ease this situation may soon be
undertaken, perhaps by the United
Nations. It is desirable that the geo-
graphic, hydrographic and technological
considerations involved be broadly
understood. For the remainder of this
article, then, I shall discuss mainly
these subjects.

he major components of the Jordan

River system are the Jordan itself
and the Yarmuk River [see illustration
on next page]. It is useful, however, to
consider the system in three parts. One
I shall call the Jordan River Fork, by
which I mean the waters north of the
point at which the Yarmuk joins the
Jordan. The second part is the Yarmuk,

and the third is the Jordan south of the
Yarmuk-Jordan confluence.

The Jordan River Fork is the product
of three creeks that come together in
Israel after originating mainly in sev-
eral perennial springs on the western
and southern slopes of Mount Hermon,
which bestrides the border between
Lebanon and Syria. From west to east
the creeks are the Hasbani, which rises
in Lebanon and also flows for about a
mile in Syria before entering Israel; the
Dan, which is entirely in Israel, and the
Baniyas, which rises in Syria. The Has-
bani has an annual flow of 150 million
cubic meters; the Dan, 240 million, and
the Baniyas, 120 million. Below the con-
fluence of the three creeks, which occurs
at about 230 feet above sea level, the
Jordan River Fork flows into Lake Hu-
leh, where its volume is further aug-
mented by springs. Emerging from Lake
Huleh, the fork tumbles to 650 feet be-
low sea level at its entrance to Lake
Tiberias, which is the Sea of Galilee of
the Bible and is called Yam Kinneret by
the Israelis. South of Lake Tiberias the
fork continues in a shallow gradient for
about four miles to the confluence with
the Yarmuk.

The Yarmuk River originates in a
widely spread system of winter wadis
and perennial springs in the Horan
Plain of Syria. The river forms the
border between Syria and Jordan for
some 20 miles and then becomes the
border between Jordan and Israel for
eight miles until it joins the Jordan
River. Unlike the Jordan River Fork,
the Yarmuk has no natural storage
basins such as Lake Tiberias.

Each of these major tributaries of
the River Jordan is markedly seasonal,
carrying a much larger natural flow in
winter than in summer. For example,
the maximum natural winter flow of the
Yarmuk is about 62 cubic meters per
second and the minimum summer flow
about 7.6 cubic meters per second. This
variation is attributable to scant snow
storage, which occurs only on the main
massif of Mount Hermon, and to the
almost total absence of precipitation
during the summer in the source regions
of both the Jordan River Fork and the
Yarmuk. During the course of a year,
however, each of these two tributaries
discharges about 500 million cubic
meters of water into the River Jordan.

South of the confluence of the Jordan
River Fork and the Yarmuk, the River
Jordan forms the boundary between
Jordan and Israel for about 20 miles
before it enters Jordan. Thereafter it
continues southward some 40 miles to

© 1965 SCIENTIFIC AMERICAN, INC

100 T

n
w
O By |
o X i
=} 80— —1 1 —
O
[%2]
w
o |
L
O
= |
(@]
o
w
=
%]
—
Z - S BN
=
Ll
oc
)
(@]
w
o
g 20— —l —— —
<
=

0

FRANCE usS. ISRAEL

WATER REQUIREMENTS as projected for
1975 are shown for three nations in differ-
ing situations, which are indicated below.

4,000

3,500

2,500 —

2,000 —

1,500 —

1,000 —

WATER USE PER INHABITANT (CUBIC METERS ANNUALLY)

500 -

FRANCE u.s. ISRAEL

RANGE OF SITUATIONS is from France,
with much water and low demand, to Israel,
with little water and heavy requirements.

Open bars show resources; solid bars, use.

25



the Dead Sea. Along its course the Jor-
dan receives irregular storm runoff from
several winter wadis, so that at the
Allenby Bridge near Jericho the average
natural annual flow of the river is 1.2
billion cubic meters.

One geographical feature of the
region is particularly significant. The
Jordan valley is no ordinary valley pro-
duced by geological folding or erosion.
It is a deep rift: part of a huge crack
in the crust of the earth. This crack
cleaves the Asian-African land bridge
to depths far below sea level; at the
Dead Sea bottom, which is 2,600 feet
below sea level, the rift forms the
deepest inland sink in the world. South
of the Dead Sea the same rift contains
the Red Sea, and as it winds through
Africa it forms the East African Rift
Valley, with its many large lakes and
depressions.

As a result of this unusual geomor-
phic feature the entire River Jordan
south of the Jordan River Fork-Yarmuk
confluence flows below sea level. So
does most of the Jordan River Fork,
beginning at a point just south of Lake
Huleh. On the other hand, the Yarmuk
and its tributaries are almost entirely
above sea level.

Certain consequences important to the
development of the water resources

of the Jordan River system arise from
this situation. One is that the Jordan,
flowing far below sea level and with a
shallow gradient, is unable to provide
any appreciable amount of irrigation
by gravity to agriculture along its banks.
Moreover, being below sea level, the
Jordan and much of the Jordan River
Fork receive heavy infusions of salt,
mostly from subterranean springs. Such
springs deliver an annual discharge of
160,000 tons of chlorine in the basin of
Lake Tiberias and an additional 180,000
tons between the lake and the Dead
Sea. (The figures are given in terms of
chlorine to provide a common denomi-
nator for the several chlorides involved.)
These saline infusions would render the
water of the Jordan intolerable for most
human uses were it not for the diluting
action of the fresh water of the Yarmuk.
These facts prescribe two broad con-
cepts that any equitable plan for the
development of the Jordan system
would seem compelled to follow. The
first is the use of the fresh water of the
Yarmuk to supply trunk-line canals
within the Jordan valley. Such canals
would run parallel to the River Jordan
but would be uphill from the arable
land along the river. Carried through
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GEOGRAPHICAL SETTING of the Jordan Valley Plan is shown on this map. The River
Jordan flows partly along the Israel-Jordan border and partly in Jordan; its major tributary,
the Yarmuk River, forms in part the Jordan-Syria border and in part the Israel-Jordan bor-
der. The headwaters of the River Jordan rise in Israel, Lebanon and Syria. The numbers in
color show the average annual precipitation (in inches) in various parts of the region.
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The total at Jericho is higher than the sum
of the Yarmuk and Jordan River Fork con-
tributions because of winter storm flows.

SEPARATE WORKS undertaken by Jordan and Israel to develop the resources of the Jor-
dan River system are depicted. Jordan’s works draw on the waters of the Yarmuk River and
are used mainly for irrigation. Israel draws from Lake Tiberias, which receives most of its
water from the upper Jordan. The Israeli works are partly to supplement existing water
supplies and partly to carry water far south into the Negev for irrigating new farmlands.
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SALINITY of River Jordan in parts per mil-

lion at two sites is shown for 1962 (white) ;
with Yarmuk project operating (light color) ;
with Israeli works added (dark color).
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the farmlands by subsidiary canals, the
water would serve both for irrigation
and for leaching salts out of the soil
before draining into the Jordan. The
salts would be carried by the river to
the Dead Sea.

The second concept involves the
separation of the fresh water of the
Jordan Fork from the saline infusions
occurring in Lake Tiberias and south of
it. If this were not done, the water
would continue to be spoiled by the
admixture of brines while coursing
wastefully to the Dead Sea. The fresh
water thus taken from the Jordan Fork
could be used for irrigation of arable
lands along the Jordan or carried far
south to the northern Negev, which has
a potentially fertile soil of the loess type
that is now virtually useless for lack of
water.

These basic concepts underlie several
of the plans that have been drawn up for
the development of the Jordan River
system. The concepts figured in a pro-
posal made in 1944 by the American
conservationist Walter C. Lowdermilk.
His proposal was a forerunner of others
that embodied similar concepts. One
such plan was “The Unified Develop-
ment of the Water Resources of the
Jordan Valley Region,” prepared in 1953
at the request of the UN. This plan,
drawn up by Charles T. Main, Inc., un-
der the direction of the Tennessee Valley
Authority, is sometimes called the John-
ston Plan because it formed the basis
for extensive negotiations conducted
between the Arabs and the Israelis
from 1953 to 1955 by the late Eric A.
Johnston, who went to the Middle East
as a special ambassador at the request
of President Eisenhower.

Johnston also took into account plans
prepared separately by Israel and Jor-
dan. He incorporated features of all of
them into what became known as the
Unified Water Plan, which sought to
recognize the right of each riparian
state to a fair share of the available
waters. Jordan, Syria and Israel were
regarded as riparian states concerned
with both the Yarmuk and Jordan Fork
waters, and Lebanon was recognized as
a fourth party at interest with respect
to the Jordan Fork. The plan called for
about 60 percent of the water to be
available to the three Arab states, with
the rest to be assigned to Israel. It gave
Lebanon and Syria the full amounts
specified by their governments for the
irrigation of farms in the headwater
region, and it gave Jordan the water
required for the irrigation of all its
irrigable lands. The U.S. offered to pro-
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vide up to $200 million toward the
execution of the plan.

In October, 1955, Johnston reported
that “Israel and her Arab neighbors—
Lebanon, Syria and Jordan—now recog-
nize the Jordan Valley Plan as the only
logical and equitable approach to the
problem of developing a river system
that belongs, in some part, to all of
them.” He added: “They have made
it clear to me that, in the main,
the technical and engineering aspects
of the plan...are now satisfactory to
them.” Johnston expressed the view that
the negotiations had reached the “one-
inch line.”

Unfortunately they advanced no
further. Although the technical experts
on both sides had signified agreement
with the plan and Israel had indicated a
readiness to ratify it, the political
committee of the Arab League deferred
its decision and sent the policy paper
back to the technical committee.

Interestingly the failure of the plan to

obtain formal approval has not meant
its total abandonment. Most of the
work done by the nations individually
since 1958—by Jordan and Syria to draw
on the Yarmuk and by Israel to draw on
the Jordan Fork—has followed closely
the basic provisions of the Unified Water
Plan. In effect the plan has proved to be
largely self-enforcing because of the
physical facts on which it is based.
The two major projects undertaken
since 1958, both with financial support
from the U.S. are the Jordanian
Great Yarmuk Project and the Israeli
National Water Carrier Project [see
illustration at right on preceding page].

The Great Yarmuk Project is prin-
cipally a Jordanian venture, but it is
being carried out in cooperation with
Syria. It is based on a plan prepared
by the Harza Engineering Company of
Chicago. The project has three distinct
phases, which I shall discuss by the
names most frequently used in referring
to them.

The El-Muzeirib phase, designed to
deal with the large variation between
the winter and summer flow of the Yar-
muk, is a headwater irrigation pro-
gram to provide controlled winter irri-
gation and expanded summer irrigation
in the El-Muzeirib region of Syria. It
is of major importance to the agriculture
of a dry and remote part of southern
Syria. This undertaking has already
brought about 7,500 acres under irriga-
tion and will eventually encompass
about 16,500 acres. The total with-
drawal of water will be some 70 million



cubic meters, which is substantially in
agreement with the Unified Water
Plan.

The Upper East Ghor Canal phase is
a Yarmuk diversion affecting the sum-
mer flow at Adasiya in Jordan, where
the river begins to form the Jordan-
Israel border. Water diverted there is
channeled along the foothills of the
eastern Jordan valley to irrigate some
30,000 acres of previously marginal
and undeveloped land between the
Yarmuk and the Wadi Zarqa, which is
about half of the distance from the
Yarmuk-Jordan confluence to the Dead
Sea. This joint undertaking of the Jor-
danian government and the U.S. Oper-
ations Mission to Jordan, financed by
the U.S. to the extent of about $15
million, was substantially completed in
1963. Its principal feature is the 42-mile
Upper East Ghor Canal.

As a result of the diversion of water
from the Yarmuk by the Jordanian un-
dertaking, amounting to 150 million
cubic meters a year, certain problems
have arisen along the Yarmuk and the
Jordan downstream from the diversion.
Although the Israeli villages along the
Yarmuk are enabled to draw a flow of
water approximately equal to what they
have drawn in the past, the task of
utilizing the water has become complex.
Israel used to take its share from a fairly
ample stream; now it has the difficult
and costly task of deriving the same
share from a shallow rivulet, trickling
at levels below the previously installed
intake-strainers. Another problem is
that the Yarmuk diversion has already
increased the salinity of the River Jor-
dan to so great a degree that the Jordan’s
water can no longer be used for ir-
rigation by Jordanian farmers along the
east bank. Jordan is moving to provide
them with a substitute by building
branch canals from the Upper East
Ghor Canal.

The Maqarin Dam phase of the Great
Yarmuk project involves the impound-
ing and controlled release of the total
winter flow of the Yarmuk by means of
a dam to be constructed at Maqarin on
the Jordan-Syria border. This phase also
involves an extension of the East Ghor
Canal into two branches south of Wadi
Zarqa, one branch to extend along the
eastern face of the Jordan valley and
the other along the western face. The
entire undertaking is now in the early
stages of development, aided by sub-
stantial funds from the U.S. Agency
for International Development.

Both hydroelectric power and irriga-
tion will be provided by the water

“INVERTED SIPHON” carries the trunk line of Israel’s water project down to a deep wadi,
under the bed of the wadi and up the other side. In spite of its name it has no siphoning
action but instead carries water by contained fall on the down side and by the resulting
force on the up side. “Inverted” means that the apex of the structure is at the bottom.

29

© 1965 SCIENTIFIC AMERICAN, INC



TRUNK-LINE PIPE, 108 inches in diameter, is laid by Israeli workmen. Israel’s trunk line

carries water from Lake Tiberias in a combination of canals, pipelines and tunnels.

stored behind the dam. The power will
be shared by Jordan and Syria; most of
the irrigation waters will go to Jordan.
These waters will be distributed
through the two extensions of the Upper
East Ghor Canal (the extension west of
the Jordan receiving its water by means
of a pipeline passing beneath the bed
of the saline river) and will irrigate
some 125,000 acres of hitherto parched
land along the banks of the lower River
Jordan.

Israel’s National Water Carrier Project,

partly new and partly old, extends
from the Jordan Fork through nearly
the full length of the country, including
also some east-west extensions and
branch networks. The philosophy of
its design derives from certain char-
acteristics of the nation’s water econ-
omy. One is the marked variation in
rainfall, both geographically and in
time. Geographically the variation is
from 40 inches a year in the mountain-
ous Upper Galilee region to about 16
inches in the coastal plain, eight inches
in the northern Negev and 1.25 inches
at the southern end of the country. The
north has a longer winter precipitation
season and a smaller year-to-year and
storm-to-storm variation than the south;
indeed, the typical desert “drought or
deluge” situation in the south may in
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unusual years result in entire winters
being rainless. Another characteristic of
the nation’s water economy is an abun-
dance of water at low elevations (some
below sea level) in the north and a de-
ficiency in the south on irrigable lands
250 to 650 feet above sea level. A third
characteristic is a preponderance of
population and unused arable land in
the dry south and a higher degree of
current use of existing arable lands in
the amply watered north. Concomitant-
ly the potentially fertile lands of the
dry Negev offer the attraction of a
smooth topography that makes them
particularly suitable for mechanical cul-
tivation.

Three major parts of the National
Water Carrier system were built some
time ago and so do not arise directly
from the Unified Water Plan. The
Yarqon-Negev part, completed in 1955,
is fed by wells east of Tel Aviv and
provides 270 million cubic meters of
water a year for the city and for the
irrigation of the potentially fertile lands
south of the city in the Lakhish area,
which had been a neglected badland for
nearly 2,000 years. Another part cap-
tures the flow of northern Galilean
creeks, formerly lost to the Mediter-
ranean Sea, to irrigate the inner portions
of the Esdraelon Valley. The third part
is the system that drains the area around
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Lake Huleh; this work eliminated a
malarial swamp, improved the land and
enriched the flow of the Jordan Fork.

The National Water Carrier Project
was designed to coordinate these and
other existing systems. It had other ob-
jectives as well. One was to extend
irrigation farther southward in the
Negev by augmenting the existing
water projects with a flow of water
from the Jordan Fork. Another was to
stabilize the water economy of the
central coastal plain, where pumping
had caused an alarming drop in the
water level of the two principal sub-
terranean aquifers and had produced an
equally objectionable advance inland of
the underground saltwater front.

To accomplish these purposes Israel
has undertaken the construction of a
large trunk line to take water from the
Jordan Fork and carry it as far as 125
miles south. The carrier was designed
in accordance with the water allocation
of the Unified Water Plan. Tech-
nologically the undertaking is impres-
sive. It raises water from 692 feet below
sea level to 120 feet above sea level by
pumps, and then it carries the water
southward (with some additional rais-
ing) in a line of canals, pipes nine feet
in diameter and tunnels drilled through
mountains.

Originally Israel planned to take
water directly from the Jordan Fork at
Benot Ya’akov, which is between Lake
Huleh and Lake Tiberias. It is also
above sea level, so that the project
could have been designed to let excess
winter flows descend to Lake Tiberias
for storage and generate electric power
in the process of descent. Because
Benot Ya’akov is in the demilitarized
zone between Israel and Syria, however,
Syria protested to the UN when Israel
began work on the intake and the
hydroelectric facilities in 1953. A debate
ensued in the Security Council, and
Israel suspended work pending the
outcome. In 1954 a resolution for the
resumption of the work carried a ma-
jority in the Security Council but was
vetoed by the U.S.S.R. Israel stopped
all work at Benot Ya’akov and under-
took the planning of an alternate intake.

That intake is at Eshed Kinrot on
Lake Tiberias and is therefore below
sea level. As a result Israel has had
to use electricity to raise water from
the lake without the compensating
factor of electricity generated by the
water in its descent to the lake. From
the intake three pumps, each rated at
23,000 kilowatts and having a capacity
of 6.75 cubic meters a second, lift the
water 812 feet through a penstock 1.3



miles long. The penstock feeds into a
canal that carries the water 11.5 miles
to an operational reservoir at Beit
Netofah. Along the route the canal
crosses two deep wadis by means of
buried crossover pipelines known locally
as inverted siphons [see illustration on
page 29]. Actually they do not involve
the siphon principle of suction; the
function of the structure is merely to let
water fall down one side of the wadi
and, as a result of hydrostatic pressure,
rise again to the original free level on
the other side. Before reaching Beit
Netofah the water goes into an inter-
mediate reservoir at Tsalmon, where
another pumping station lifts the water
from 122 feet above sea level to the
level of the Netofah Valley at 482 feet.
There three more pumping units main-
tain the canal-discharge rate of 20 cubic
meters a second. At the Beit Netofah
reservoir the water enters the nine-
foot pipe, which carries it 48 miles
interrupted only by the one-mile Shim-
ron tunnel through the Nazareth Range
and two tunnels through the Carmel
Range—Menashe-A tunnel, four miles
long, and Menashe-B, 1,100 feet.

When the trunk line is fully in opera-
tion in 1970, it will carry an average
water flow of 320 million cubic meters
a year. That is well within the share
of the Jordan-Yarmuk system allotted
to Israel by the Unified Water Plan.
It amounts to 1.3 percent of the total
river flow in the four countries encom-
passed by the Jordan River system.

An accessory to the trunk-line under-
taking is the use of Lake Tiberias as
a storage reservoir, which has neces-
sitated some work designed to reduce
the salinity of the lake. In the natural
state of the lake the salinity is ap-
proximately 350 parts per million, com-
pared with 20 to 30 parts per mil-
lion for the water of the Jordan Fork
at the point of entrance to the lake.
Although a salinity of 300 parts per
million can be tolerated for many agri-
cultural uses, it is too high for the irri-
gation of the citrus groves that abound
in Israel and produce a major export
crop.

The saline effusions come about
equally from shore springs and under-
water springs, some of the latter issuing
through fissures 3,000 feet or more be-
low water level. A survey by Tahal, the
Israeli Water Development Agency, re-
vealed that many of the shore springs
actually carried fresh water and only
became saline through contact with soil
layers containing soluble minerals.
These layers proved to be at fairly
shallow depths and rather close to the

lake. Tahal therefore
to capture the fresh water before it
reaches the soluble minerals. Deep
saline springs, on the other hand, are
being captured by drilling. All captured
saline effusions are carried off in a
canal and ultimately deposited in the
Dead Sea. Tahal foresees that in about
10 years the combination of saline
withdrawals and the steady flow of
fresh water from the Jordan Fork into
the lake will reduce the salinity of the
lake to a mean value of about 130 parts
per million. Then the water drawn into
the trunk line will be suitable for un-
limited irrigational use in citrus groves.

As a result of withdrawals of fresh
water from the Jordan Fork and the
Yarmuk, Israel has had to take some
steps to continue providing usable water
to the flourishing Beit Shean agricul-
tural region in the vicinity of the
Jordan-Yarmuk confluence, because that
region had depended on water from the
rivers for irrigation. Israel has built
a special canal network to supply the
region with water from the Jordan
Fork. In addition Israel is continuing to
release the quantities of fresh water
agreed to by the technical conferees in
1955 from Lake Tiberias into the River
Jordan for the use of Jordanian farmers.
This action conforms with the Unified
Water Plan.

has undertaken

In January, 1964, a few months before

Israel began withdrawing water from
the Jordan Fork into the National Water
Carrier system, the leaders of the
nations that constitute the Arab League
held a “summit” conference in Cairo.
From that meeting emerged the plan to
divert some of the Jordan’s headwaters

from Israel. As subsequently outlined
in general terms by Arab spokesmen,
the plans call for diversion of the
Hasbani Creek in Lebanon into the
Litani River, the flow of the Wazzani
springs near the Hasbani into the
Baniyas Creek and the Baniyas into the
Yarmuk [see bottom illustration on page
28]. A second meeting of the Arab
leaders last September produced a de-
cision for “immediate work” on diversion
projects.

Any such undertaking would be costly
and time-consuming. It also would be
contrary to the concepts of the Unified
Water Plan and inconsistent with tradi-
tional international headwater rights
of a historically established downstream
user. It therefore seems unlikely that
serious diversionary moves will be made
immediately. Still, an Arab-Israeli en-
counter over water could occur at any
time through misunderstanding.

If Israel and Jordan are able to
proceed with their separate efforts to
carry out the concepts of the Unified
Water Plan, the time will soon be at
hand when all the fresh-water resources
of the Jordan River system will be put
to effective use. At that stage the only
practicable addition to the supplies
will be large-scale desalination of sea-
water. Whenever desalination becomes
necessary—or desirable if the cost can
be reduced to a level comparable to
that of obtaining fresh water from other
sources—the waterworks already built
by Israel and Jordan will be useful for
receiving and distributing the desal-
inated water as a welcome supplement
to a supply already hard pressed by
expanding agricultural and industrial
activities.

EAST GHOR CANAL is shown receiving a curing compound during construction. Jordan
plans extensions of the canal along both the east and the west sides of the Jordan River.
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The Structure of Crystal Surfaces

By using low-energy electrons as a probe a new instrument can

disclose the configuration of atoms on the surface of a crystal.

The technique has revealed structures of unexpected complexity

hen we look at the bare surface
of a metal or other homoge-
neous solid, we usually assume

that we are seeing nothing more than
an exposed section of the bulk material
below the surface. Indeed, it was long
thought that the properties of a surface
could be adequately understood by ex-
amining the structure and properties of
the bulk material. Not only did surfaces
seem to promise few surprises but also
there was no effective means of study-
ing them.

The recent development of an elec-
tron-diffraction technique for studying
surfaces happily coincides with the
recognition that many important prop-
erties of materials are largely deter-
mined by surface structure. These
properties include electronic behavior,
corrosion (including resistance to corro-
sion) and catalysis. The last phenome-
non presents a particular challenge. Al-
though the industrial application of ca-
talysis annually yields chemical prod-
ucts worth many billions of dollars, little
is known about catalytic mechanisms
except that the desired reactions take
place on surfaces.

In attempting to describe the elec-
tronic behavior of solids, complex and
elegant theories have been built up by
ignoring surface structure altogether
and assuming that surfaces are simply
mathematically smooth planes. Early
theories of thermionic and photoelectric
emission were of this kind. The theories
served well in their day, but most solid
materials are crystalline and it is now
recognized that various crystal faces
have quite different properties. Even
when this fact has been taken into ac-
count, the naive assumption is usually
made that the atoms in a given surface
plane have the same arrangement as
the atoms in a parallel plane inside the
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crystal. This simple view is often ade-
quate, but it is occasionally quite
wrong. The very existence of a surface
requires that the atoms in it have no
neighbors on one side. The forces act-
ing on them are therefore unsym-
metrical and might be expected to modi-
fy their arrangement. Recent work has
shown that this is often the case.

One of the most significant facts
about real surfaces is that they quickly
become dirty; a freshly cleaved crystal
soon adsorbs foreign atoms on its sur-
face. Where and how these atoms are
adsorbed must be strongly influenced
by the positions of the atoms of the
clean surface. It seems likely that ad-
sorption on actual surfaces is quite dif-
ferent from that envisaged in most
present theories.

f surfaces are so important, how can

one explore their structure? It is
well known that the periodic arrange-
ment of atoms inside a crystal can
scatter electromagnetic waves and pro-
duce diffraction patterns much as a
ruled grating produces a diffraction
pattern when it scatters light. Just
as diffraction patterns can disclose the
arrangement of atoms inside a crystal,
they can also disclose the arrangement
of the atoms that compose the surface of
a crystal. The spacing of the atoms varies
in different directions, with the result
that there can be many diffraction
beams that add up to the observed
diffraction pattern.

To obtain an atomic diffraction pat-
tern the incident waves must be shorter
than the spacing between the most
widely separated rows of atoms on the
crystal surface, a spacing that is com-
monly less than three angstrom units.
These requirements are met not only
by electromagnetic waves such as X
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rays but also by “matter” waves, that
is, subatomic particles such as neutrons
and electrons, which can be regarded
interchangeably as particles or waves.

For studying surfaces X rays cannot
be used because they penetrate many
thousands of layers of atoms. Neutrons
are more penetrating still. Light waves
and ultraviolet radiation are readily
reflected (and diffracted) from a surface,
but their wavelengths are much too
long. The ideal probe is a beam of slow
electrons, which can be adjusted in
penetrating power by altering the elec-
trons” energy; this can easily be made
so low that the electrons barely pene-
trate even the topmost layer of atoms
of a crystal surface.

The discovery that electrons behave
as waves and produce diffraction pat-
terns when they interact with the atoms
in a crystal was made in 1927 by C. J.
Davisson and me at the Bell Telephone
Laboratories and independently in
Britain by Sir George Thomson. The
electrons used by Sir George had ener-
gies of around 50,000 electron volts,
enough to penetrate more than 100
layers of atoms, but the electrons we
used had energies in the much lower
range of from five to 500 electron volts.
Although the more energetic electrons
have been widely used since 1927 to
study the near-surface regions of crys-
tals, their penetrating power is so great
that they yield no information about
the topmost layer of atoms.

For electrons in the lower energy
range between five and 500 volts the
penetration is limited to the outer layers
of atoms, and the diffraction pattern of
electrons scattered back from the crystal
discloses the surface structure. The de-
tection of these electrons, however, pre-
sents practical problems. In our early
experiments the diffracted electrons
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LOW-ENERGY ELECTRON-DIFFRACTION instrument makes
visible on a fluorescent screen the pattern of electrons that rebound
from the surface of a crystal. This pattern, which is the same as the
one shown on the cover of this issue, is produced by electrons dif-
fracted from the surface of a tungsten crystal that is half-covered
by a single layer of oxygen atoms. When this much oxygen is

"

present, the tungsten atoms on the surface of the crystal rearrange
themselves as depicted in the diagrams at the bottom of page 39.
The instrument shown here was built by Varian Associates and was
photographed in the author’s laboratory at Cornell University. The
instrument was conceived by the author in collaboration with E. J.
Scheibner and C. D. Hartman of the Bell Telephone Laboratories.
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WAVELIKE BEHAVIOR of electrons creates intense spots on a
fluorescent screen where the waves reinforce each other construc-
tively. The specific angles at which this reinforcement occurs de-
pend on the wavelength of the incident electrons and the spacing
of atoms on the surface of the crystal being examined. Only elec-
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DIFFRACTION ANGLES vary with the wavelength of the incident
electrons. The diagram at left shows the angles for first- and second-
order diffraction when the wavelength is a third of the atomic spac-
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trons diffracted with full energy are accelerated and allowed to hit
the screen. A fine-mesh wire grid (not shown) stops electrons of
lower energy. Electrons of “zero order” diffraction normally strike
the hole in the screen that admits the incident beam, but by turning
the crystal slightly they can be shifted to one side and made visible.
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ing. To shorten the wavelength the voltage of the incident beam is
raised. When the wavelength is reduced to a sixth of the atom-
ic spacing, the diffraction angles become smaller, as shown at right.
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were collected by a simple bucket
arrangement invented by Michael Fara-
day and commonly called a Faraday
box. The electrons flowed from the box
along a wire and were measured by
a galvanometer or electrometer. This
straightforward method has been used
successfully for more than 35 years by
H. E. Farnsworth and his co-workers at

Brown University.
In an instrument that is now coming
into wide use the diffraction pattern
is made to appear on a fluorescent
screen. This method was pioneered in
1934 by W. Ehrenberg, who carried
out his experiments at the Physi-
kalisches Institut of the Technischen
Hochschule in Stuttgart; in 1960 a prac-
tical instrument was built by E. J.
Scheibner, C. D. Hartman and me at
Bell Laboratories. The photograph on
the cover of this issue of Scientific
American shows the fluorescent screen
of an instrument of this type in my
present laboratory at Cornell University.
In this instrument the electron beam
originates behind a spherically curved
fluorescent screen, passes through a
small hole in its center and strikes a
crystal suspended at the screen’s center
of curvature. Immediately in front of
the screen are two fine-mesh, closely
spaced wire grids. The one nearer the
crystal serves as a shield to keep stray
electric fields from deflecting the elec-
trons from a straight path. The second
grid has a negative charge that is
just sufficient to repel electrons that
have lost some of their original energy
and thereby prevents them from reach-
ing the fluorescent screen. About 1 per-
cent have not lost energy and pass
through the second grid. A high positive
potential on the screen itself accelerates
these electrons so that they strike the
screen with an energy of 5,000 elec-
tron volts. If the diffracted electrons
were not accelerated in this way, they
would lack the energy needed to make
the screen fluoresce, but if all the elec-
trons, regardless of energy, were ac-
celerated, they would produce a gener-
al haze that would tend to obscure
the diffraction pattern. The pattern on
the screen can be photographed or the
brightness of individual luminous spots
can be measured with a photometer.
The illustrations on the opposite page
show how the diffraction patterns are
related to the wavelength of the incident
electrons and to the spacing between
atoms at the surface of the crystal. Al-
though the waves ripple out in all di-
rections from each atom, their inter-

ference is completely constructive only
in certain directions where the crests of
waves coincide. The spots on the fluo-
rescent screen define the angles of
constructive interference. From these
angles and the wavelength of the in-
cident electrons one can calculate the
spacing of atoms in the crystal surface.
When the structure of the surface is
simple, it is easy to calculate a two-
dimensional “unit mesh” that establishes
the atomic configuration of the surface.

At present some of the experiments

TWO-DIMENSIONAL
CRYSTAL LATTICE

of greatest interest involve the ad-
sorption of foreign atoms on a clean
surface and the catalytic reactions in
which the surface somehow promotes
the interaction of foreign atoms and
molecules. Before such studies can be
made one must obtain a crystal whose
surface is perfectly clean and one must
be able to keep it clean long enough
to carry out the desired experiment.
This requires that the crystal be cleaned
and maintained in a very high vacuum.
As a rule molecules that strike a clean

DIFFRACTED BEAM

INCIDENT BEAM

COMPLETE DIFFRACTION PATTERN shows how electrons are diffracted from horizon-
tal, vertical and diagonal rows of atoms in the surface of a crystal. The crystal depicted has
a two-dimensional lattice containing a simple square or rectangular mesh. The two digits
used for identifying the directions taken by diffracted electrons are called Miller indices.

10

RELATIVE NUMBER OF ELECTRONS
(&)

0 50 100 150
ENERGY OF SECONDARY ELECTRONS (ELECTRON VOLTS)

ENERGY OF SCATTERED ELECTRONS varies from almost zero to that of the incident
electrons in the primary beam (arrow). About 1 percent of the incident electrons are
scattered without loss of energy and only these are retained for producing a diffraction pat-
tern. The rest, if not removed, would partly obscure the pattern and confuse interpretation.
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surface stick to it and constitute a con-
taminating film.

When a surface is exposed to air, each
atom on the surface is struck about a
billion (109) times a second by air mole-
cules. To reduce the number of hits and
the consequent contamination to a tol-
erable level the density of gas molecules
at the surface must be reduced by a
factor much greater than 10°. The unit
commonly used for measuring low pres-
sures is the torr, which is slightly more
than a thousandth (10-3) of standard at-
mospheric pressure. The vacuum needed
for low-energy electron diffraction work
is around 10-2 or 10-10 torr.

In experiments involving the adsorp-
tion of a gas it is important that the gas
brought in contact with the crystal sur-
face be pure. Pure gases are readily
obtainable; the main problem is to keep
them from becoming contaminated once
they have been introduced into the
electron-diffraction apparatus. The in-
terior of the apparatus has a wall area
of some 10,000 square centimeters and
is a major source of contamination. There
is the constant bugbear that an experi-
mental gas may interchange with gas
adsorbed on the walls of the vacuum
chamber and thus liberate it. A single
layer of atoms released from a square
centimeter of surface will exceed by a
factor of more than 10,000 the number
of atoms or molecules contained in a
liter of gas at 10 torr. Since the ex-
perimental apparatus has a volume of
15 liters, an interchange need involve
a layer of gas one atom thick on only a
hundredth of a square centimeter of
surface to contaminate by 50 percent
the experimental gas held at a working
pressure of 3 X 10-8 torr.

Finally, the contamination problem
is aggravated by the necessity of using
hot filaments, usually of tungsten, to
produce a beam of electrons. A new
tungsten filament is inevitably coated
with carbon atoms, probably in the form
of hydrocarbons. When heated in a high
vacuum in the presence of oxygen, the
filament can evolve thousands of liters
of carbon monoxide (measured at 10-8
torr) before all of the carbon is removed.
Yet the situation is not as hopeless as
this account makes it seem; the required
gas purity can be maintained by con-
tinuous pumping combined with a con-
tinuous inflow of the experimental gas.

Cleaning a crystal surface presents
another set of problems. Different treat-
ments are required to clean metals,
semiconductors and crystals of various
inorganic salts. Semiconductors and salt
crystals can sometimes be cleaved after
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being placed in a vacuum, and this
is often the method of choice when it
can be done.

For crystals that cannot be cleaved
in a vacuum, heat is always a necessary
part of the cleaning treatment, but by
itself it is rarely sufficient. It is supple-
mented by chemical cleaning and by
“sputtering,” a method first applied to
this problem by Farnsworth, in which
contaminating atoms are knocked off
the surface by bombardment with posi-
tive ions (atoms from which one or
more electrons have been removed). An
effective ion for sputtering is that of the
inert gas argon.

One of the most difficult surfaces
to clean is the surface of a single crystal
of iron. Heating alone cannot be used to
clean the surface because at 900 de-
grees centigrade (a relatively low tem-
perature in this work) the crystal struc-
ture of iron changes, with the result
that the original single crystal is broken
up into many small crystals and a usable
diffraction pattern can no longer be
obtained. Milder heating is not very
effective for cleaning; moreover, it
makes carbon atoms, which are always
present, diffuse to the surface from the
interior of the crystal. Although the
carbon atoms can easily be removed by
having them react with oxygen, this
treatment leaves the crystal coated with
oxygen atoms. The obvious method of
removing the oxygen by having it re-
act with hydrogen, which works with
some metals, is not successful with iron.

The cleaning of iron has been suc-
cessfully accomplished by Arthur J.
Pignocco of the United States Steel
Company’s Applied Research Labora-
tory at Monroeville, Pa. He starts with a
crystal that of necessity has a consider-
able amount of carbon on its surface
but very little inside. By careful sput-
tering with argon ions he removes the
surface carbon atoms without driving
the argon atoms deep into the surface.
This is followed by a gentle heat treat-
ment that removes the embedded ar-
gon atoms and allows the displaced
iron atoms to fall back into their proper
place in the crystal structure.

One of the simplest and most com-

mon of all crystalline arrangements
of atoms is the structure known as face-
centered cubic. As one might expect,
crystals with this structure produce
some of the simplest diffraction pat-
terns. The series of diagrams at the
top of these two pages shows a basic
unit of the structure and the three
simplest surfaces that can be exposed by

© 1965 SCIENTIFIC AMERICAN, INC

ATOMIC ARRANGEMENT in a crystal of
nickel is that known as face-centered cubic:

cutting sections through it. These faces,
named according to the way they inter-
sect a three-dimensional set of axes, are
known as the (111) face, the (100) face
and the (110) face. When listed in
this order, they indicate surfaces with
a decreasing density of atoms.

Each of the surfaces is made up of
a repeating pattern of atoms that ex-
tends indefinitely in two dimensions
[see middle illustration on opposite
page]. One can think of the atoms
as arranged in long, parallel, equally
spaced rows. In each surface configura-
tion one can find a unit mesh that maps
out the whole surface when the mesh is
shifted in two dimensions.

When a beam of electrons strikes
such a surface of atoms, the rows act
like the parallel ruled lines of an optical
diffraction grating. The electron waves
diffracted from the two-dimensional
mesh of atoms produce a series of in-
tense spots that represent diffraction
from all possible parallel rows of sur-
face atoms. The patterns produced by
the (111), (100) and (110) faces of a
nickel crystal, which is one of many
metals with the face-centered cubic
structure, are shown at the bottom of
the opposite page below the structural
diagrams of the three faces. Given such
diffraction patterns, one can work back-
ward and calculate the arrangement of
surface atoms. The scale of the structure
is determined by the spacing between
the nearest neighbor atoms, which for
nickel is 2.49 X 10-8 centimeter, or 2.49
angstroms.

From the low-energy diffraction pat-
terns of the (111), (100) and (110) faces



a cube with an atom in each corner and an atom in the center of
each face (left). The planes that make the three simplest surfaces

are labeled according to the way they intercept three coordinates
(x, v, z). They are shown in decreasing order of atomic density.

THREE SURFACES OF NICKEL correspond respectively to the
(111) face, the (100) face and the (110) face, whose derivation from
a face-centered cube is illustrated directly above each surface. The

three shapes drawn in outline (diamond, square and rectangle) rep-
resent the “unit mesh” for each face. This is the smallest unit that
will reproduce the whole surface when shifted in two directions.

DIFFRACTION PATTERNS OF NICKEL are shown for each of
the three surfaces illustrated in the ball models directly above. In
the pattern for the (111) face (left) the spots are farther apart than
those in the other two patterns, which shows that the atoms on the
(111) face are more densely packed than those on the other two
faces. In the pattern for the (100) face (middle) the spots form a

square array, evidence that the unit mesh is square. In the pattern
for the (110) face (right) the short spacing between horizontal
rows coincides with the longer side of the rectangle in the unit
mesh. The energy of the incident electrons used in making these
diffraction patterns was about 85 electron volts in each case. The
photographs were made by A. U. Mac Rae of Bell Laboratories.
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OXYGEN ADSORBED ON NICKEL leads to a rearrangement of the atoms on the surface
and yields a diffraction pattern (left) in which the square array on the (100) face is just
half the size of that for the same face when the nickel is clean. (The clean face is shown
in the middle pattern at the bottom of the preceding page.) Evidently the unit mesh on the
surface of the crystal is now twice the size of the mesh when only nickel atoms are present.
The adsorption of enough oxygen atoms to fill a quarter of the top layer causes this re-
construction of the nickel surface. The new unit mesh is outlined in the drawing at right.
The location of oxygen atoms (color) is conjectured. The photograph was made by Mac Rae.

of a clean nickel crystal one can con-
clude immediately that the arrange-
ment of atoms in each of these surfaces
is exactly the same as that in a parallel
plane of atoms in the body of the
crystal. This one-to-one relation has
been found for all metals studied so
far. In metalloids such as silicon and
germanium, however, the arrangement
of surface atoms does not correspond to
that of the interior; this has also been
found to be the case for the crystals
of some chemical compounds.

The locations of spots in diffraction
patterns produced by nickel surfaces
are easy to account for. As the voltage
of the electron beam is increased the

ELECTRON GUN

diffraction spots move closer together in
a way that corresponds directly to the
decrease in electron wavelength that at-
tends the voltage increase. At the same
time, however, all the spots change in
intensity, and these changes are not so
readily interpreted. As the beam voltage
is raised the incident electrons penetrate
deeper into the crystal and the diffract-
ed waves that arise from the more deep-
ly buried atoms interfere with the waves
diffracted from the surface atoms. If the
interfering waves are in step, they re-
inforce each other and produce more
intense spots; if they are out of step,
they tend to cancel and the spot in-
tensity is reduced. From these inten-
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ANOTHER ELECTRON-DIFFRACTION METHOD, devised by C. W. Tucker of the Gen-
eral Electric Research Laboratory, uses a magnetic field to bend both the incident and the
diffracted electrons through an angle of 90 degrees. Electrons that have lost energy are
forced into short-radius curves and are thus prevented from reaching the fluorescent screen.

38

© 1965 SCIENTIFIC AMERICAN, INC

sities it should in principle be pos-
sible to calculate the depth of penetra-
tion of the electrons and the relation of
atoms in the surface to those below, but
unexpected difficulties have sometimes
arisen in interpreting the observed in-
tensity changes.

If one has been able to produce clean
nickel surfaces and has obtained diffrac-
tion patterns such as those shown on
the preceding page, one may wish to
see what happens when the surfaces are
exposed to oxygen. We shall limit our
discussion to the (100) face. As one
watches the fluorescent screen of the
diffraction instrument while oxygen is
admitted into the vacuum system con-
taining the nickel crystal with its (100)
face exposed, one sees first the diffrac-
tion pattern of the clean (100) face.
Gradually a number of diffuse streaks
appear superposed on the pattern. Soon
they coalesce into new sharp spots with
the spots of the original pattern still
present and apparently unchanged [see
top illustration at left]. The entire new
pattern now forms a square array just
half the size of the original array. This
shows that the unit mesh on the surface
is now twice the size of the original
mesh when only nickel atoms were pres-
ent. It can be shown that the new mesh
contains atoms of both nickel and oxy-
gen. The atomic arrangement and unit
mesh is illustrated in the model next to
the diffraction pattern.

The structure of the model implies
that oxygen adsorption causes complete
rearrangement of nickel atoms on the
crystal surface. Moreover, the rear-
rangement begins when only a partial
layer of foreign atoms one atom thick
has been adsorbed. Such a reconstruc-
tion of the surface has been observed
in many other experiments and often
occurs when the foreign atoms are
strongly held.

Nickel surfaces have been studied

more intensively than those of any
other metal, not only because nickel is
unusually simple but also because it is
known to have an “active” surface and
is widely used as a catalyst. Recently
tungsten surfaces have also begun to
receive much attention. One reason for
this interest is the possibility of build-
ing ion-jet engines for space propulsion
by accelerating ions produced on a
tungsten surface. At Cornell I began
the study of tungsten surfaces with
Richard M. Stern about three years ago;
the study is being continued with John
W. May. We have been concerned
with reactions involving adsorbed layers



of carbon, carbon monoxide, oxygen and
hydrogen.

Tungsten may be the easiest of all
metals to clean because of its high melt-
ing point. Yet even it requires some
care. This can be seen from the series of
three diffraction patterns below, which
show a (110) tungsten surface in
various stages of cleaning. The diffrac-
tion pattern from a badly contaminated
surface appears at the left. After the
crystal was heated for only a few min-
utes at about 1,000 degrees C. in oxy-
gen at a pressure of 5 X 108 torr, the
diffraction pattern was that shown in
the middle (and also on the cover of this
issue). Most of the oxygen was then re-
moved from the vacuum chamber by
pumping the chamber down below 10-9
torr and the crystal was raised to 1,700

degrees for a few seconds. This vapor-
ized the oxygen that had been adsorbed
on the tungsten surface. After this treat-
ment the surface produced the diffrac-
tion pattern shown at the right in the
illustration.

Tungsten has a very simple crystal
structure, body-centered cubic, and an
ideal (110) plane of this structure would
give just this diffraction pattern. Thus
the pattern provides evidence that the
surface had now been cleaned. This
conclusion is supported by the fact
that intense heating of the crystal pro-
duced no further change.

The arrangement of surface atoms on
the clean crystal and the arrangements
of atoms that exist on two different re-
gions of the oxidized and partially
cleaned surface are shown in atomic

models below the diffraction patterns on
this page. Evidently the oxygen treat-
ment was essential for obtaining a clean
surface. It appears that the original con-
taminant, which was so easily burned
off by oxygen, may simply have been

carbon.

[/Xpart from metals, the crystal surfaces
most intensively studied by this dif-
fraction technique are those of the semi-
conductors germanium and silicon. The
interest in these elements is of course
due to their importance in transistors
and other solid-state devices. Various
faces of these crystals were studied first
by Farnsworth and his co-workers at
Brown and later by James J. Lander and
John A. Morrison at Bell Laboratories.
These investigators have found that

TUNGSTEN SURFACE at different stages of cleaning is shown in
these three diffraction patterns. The patterns depict the (110) face
of the crystal when it was bombarded with electrons having an en-
ergy of 75 electron volts. The pattern at left shows the badly con-
taminated surface before cleaning. The chief impurity is probably
carbon. When the impurity was burned off by a short exposure to

oxygen at 1,000 degrees centigrade, the reconstructed surface con-
taining both oxygen and tungsten atoms yielded the pattern in the
middle (and also on the cover of this issue). When the oxygen was
removed by a very brief heating at 1,700 degrees, the diffraction
pattern at right resulted. The diffraction patterns were obtained by
the author and his colleague John W. May at Cornell University.

MODELS OF TUNGSTEN SURFACE represent the clean (110)
face at right (below its diffraction pattern) and two arrangements
for the reconstructed surface whose diffraction pattern is in the

middle above. The reconstructed surface is presumed to contain
equal numbers of tungsten atoms and oxygen atoms (color)
in two independent mirror-image arrangements (left and middle).
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when any surface of a germanium or sil-
icon crystal is perfectly clean, its struc-
ture is profoundly modified by the lack
of symmetry in the forces acting on the
surface atoms. The phenomenon appar-
ently does not occur at metal surfaces.
At a clean surface of silicon or germani-

um there are dangling chemical bonds
that evidently can be satisfied by joining
up with neighboring atoms in various
complex arrangements. Often for the
same clean surface there is more
than one stable structure, determined
by previous history such as cleavage in

a vacuum, heat treatment subsequent to
cleavage and heat treatment subsequent
to etching. Some changes induced by
heat are reversible and some are not.
Examples of diffraction patterns from
clean silicon surfaces, with suggested
structures that account for the patterns,

CLEAN SURFACE OF SILICON can produce various diffraction
patterns depending on how the crystal has been treated. The
pattern at left of the (111) face of silicon was made by a crystal
freshly cleaved in a vacuum. After a brief heating, which removed
some of the stresses left in the surface, the pattern in the middle
resulted. After lengthy heating the apparently more stable surface
produced the pattern at right. The middle pattern is called the

TWO KINDS OF SILICON STRUCTURE have been proposed to
explain the three kinds of diffraction pattern shown above. The
freshly cleaved surface, which exhibits a rectangular unit mesh,
may have the atomic structure at left. Both the five and seven
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“seven structure” because seven spots compose each edge of the
hexagon. In the right pattern there are only five spots per edge (not
all of them clearly visible) ; it is therefore called the five structure.
The patterns were obtained at Bell Laboratories by James J. Lan-
der and John A. Morrison. An atomic arrangement that may corre-
spond to the freshly cleaved silicon surface and a possible build-
ing block of the five and seven structures are illustrated below.

structures, which are produced by heat treatment, must have
diamond-shaped unit meshes. The atomic building block at right
may form an essential part of these surfaces. All three silicon
surfaces are so complex that structures are difficult to deduce.
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are illustrated on the opposite page.

Lander and Farnsworth and their co-
workers have studied the effects of
depositing various foreign atoms on sili-
con and germanium surfaces. These
atoms have included hydrogen, oxygen,
iodine, bromine, phosphorus, aluminum,
calcium, barium, indium, molybdenum,
mercury, lead, tin and gold. In many
cases the resulting surfaces have a
structure of great complexity, and some
undergo curious transformations when
they are heated.

Other investigators have studied the
surfaces of a number of two-element
compounds. Among these are some of
the alkali halides and some metal ox-
ides, as well as more exotic compounds
such as gallium arsenide (which has in-
teresting semiconductor properties and
also emits an intense monochromatic
light beam when it is fashioned into a
solid-state laser).

It is probably evident to the reader that
this article has been concerned
with techniques that are still being
rapidly developed. Thus far low-energy
electron diffraction has uncovered more
questions than it has answered. Why,
for example, do metal surfaces have
atomic structures that are the same as
those found inside the crystal whereas
silicon and germanium do not? Of what
scientific importance is the discovery of
surface reconstruction caused by ad-
sorption?

These and similar questions stand as
a challenge to physicists, some of whom
seem to believe that aggregations of
matter and energy of intermediate size
are no longer particularly interesting.
There is a growing feeling that the chief
frontiers of physics are soon to be rele-
gated to the very small and the very
large—those regions smaller than an
atomic nucleus and larger than a star.
(The marvelously complex organi-
zations of intermediate size that we
classify as living are too complex for
physicists to understand.) For a few
years, at least, some physicists may find
it interesting to learn more about sur-
faces—arrangements of matter at an
intermediate level of size that have not
yet been studied effectively. The tools
for such study have been available
for almost 40 years but have been ne-
glected for all this time. Since many
of the most important physical and
chemical events take place on surfaces,
extension of knowledge about them
will surely advance many fields of
science, including, very likely, the study
of life.

CHANGE IN BEAM VOLTAGE causes a change in the pattern of diffracted electrons, as
shown in this sequence by Lander and Morrison. The crystal surface is that of partially an-
nealed silicon, the same surface depicted in the middle pattern at the top of the opposite
page. The pattern shown there was produced with the incident beam set at 58 volts. Here
the beam voltages are 33 (top left), 72 (top right), 82 (bottom left) and 112 (bottom right).

MYSTERIOUS DIFFRACTION PATTERN was produced by the adsorption of an un-
known gas on the (111) surface of a nickel crystal while it was left standing in Mac Rae’s
diffraction apparatus at Bell Laboratories over a weekend. The adsorption occurred while
the vacuum system was being held at the extremely low pressure of 4 X 10-10 torr. A clean
(111) surface would have only the six spots that form the corners of the large hexagon
(see pattern at left at the bottom of page 37). The many spots inside the hexagon indicate
a two-dimensional structure with a unit mesh 10 times that of the clean surface. Study
of this structure is hampered by imperfect understanding of the diffraction process.
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LEARNING IN THE OCTOPUS

The animal cooperates readily mn laboratory experiments. Tests of

1ts capacities before and after brain surgery lend support to the

idea that there are two kinds of memory: long-term and short-term

students of animal behavior, of

whom I am one, have done much of
their experimental work at the Stazione
Zoologica in Naples. The reason why
these investigations have been pursued
in Naples rather than in Britain is that
our chosen experimental animal—Octo-
pus vulgaris, or the common European
octopus—is found in considerable num-
bers along the shores of the Mediter-
ranean. Octopus vulgaris is a cooperative
experimental subject. If it is provided
with a shelter of bricks at one end of a
tank of running seawater, it takes up
residence in the shelter. When a crab
or some other food object is placed at
the other end of the tank, the octopus
swims or walks the length of the tank,
catches the prey with its arms and
carries it home to be poisoned and
eaten. Since it responds SO consistently
to the presence of prey, the animal
is readily trained. It is also tolerant of
surgery and survives the removal of the
greater part of its brain. This makes the

In recent years a number of British

by Brian B. Boycott

octopus an ideal animal with which to
test directly the relation between the
various parts of the brain and the various
kinds of perception and learning.

There are many unanswered ques-
tions about such relations. We now
know a great deal about conduction in
nerve fibers, transmission from nerve
fiber to nerve fiber at the synapses and
the integrative action of nerve fibers
in such aggregations of nerve cells as
the spinal cord; we are almost wholly
ignorant, however, of the levels of
neural integration involved in such
long-term activities as memory. We can
still quote with sympathy the remark of
the late Karl S. Lashley of Harvard
University: “I sometimes feel, in re-
viewing the evidence on the localization
of the memory trace, that the necessary
conclusion is that learning is just not
possible!”

It was . Z. Young, then at the Uni-
versity of Oxford, who first began
to exploit the possibility of using for
memory studies various marine mollusks

of the class Cephalopoda. Shortly be-
fore World War II he undertook to work
with the cuttlefish Sepia officinalis. In
a simple experiment he and F. K. San-
ders removed from a cuttlefish that part
of the brain known as the vertical
lobe. They found that a cuttlefish so
deprived would respond normally—that
is, attack—when it was shown a prawn.
If the prawn was pulled out of sight
around a corner after the attack began,
however, the cuttlefish could not pur-
sue it. The animal might advance to
where the prawn had first been present-
ed, but it was apparently unable to
make whatever associations were nec-
essary to follow the prawn around the
corner. One might say it could not
remember to hunt when the prey was
no longer in sight. Young and Sanders
found that surgical lesions in certain
other parts of the cuttlefish’s brain did
not affect this hunting behavior.

In 1947 I had the privilege of join-
ing Young in his studies. Financed
by the Nuffield Foundation, we began

COMMON EUROPEAN OCTOPUS (Octopus vulgaris) is the

experimental animal the author and his fellow-workers in Naples
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use for their investigations of perception and learning. The
animal’s brain (in color between the eyes) is about two cubic



work at the Stazione Zoologica, where
both seawater aquariums and Octopus
vulgaris were in abundant supply. The
octopus was chosen in preference to
the other common laboratory cephalo-
pods—cuttlefishes and squids—because
they do not survive so well in tanks
and are less tolerant of surgery. At
Naples today, in addition to Young’s
associates from University College Lon-
don, there are investigators from the
University of Oxford led by Stuart
Sutherland and from the University of
Cambridge led by Martin J. Wells, all
going their various ways toward using
the brains of octopuses for the analysis
of perception and memory. At present
most of the work is financed by the
Office of Aerospace Research of the U.S.
Air Force.

In our early experiments we attempt-
ed to train octopuses to do a variety of
things, such as taking crabs out of one
kind of pot but not out of another, to
run a maze and so on. Our most success-
ful experiment was to put a crab in the
tank together with some kind of geo-

centimeters in size; the basket-like structure below it is composed
of the eight major nerves of the arms, some of which are also

metric figure—say a Plexiglas square five
centimeters on a side—and give the
octopus an electric shock when it made
the normal attacking response. \ith this
simple method we found that octopuses
could learn not to attack a crab shown
with a square but to go on attacking
a crab shown without one [see bottom
illustrations on pages 46 and 47]. Or
we could train the animals to stop tak-
ing crabs but to go on eating sardines or
vice versa. The purpose of these experi-
ments was to elucidate the anatomy and
connections of the animal’s brain and
relate them to its learning behavior.

ike the brains of most other inverte-
brates, the brain of the octopus
surrounds its esophagus [see illustrations
on next page]. The lobes of the brain
under the esophagus contain nerve
fibers that stimulate peripheral nerve
centers, for example the ganglia in the
arms and the mantle. These peripheral
ganglia contain the nerve cells whose
fibers in turn stimulate the muscles and
other effectors of the body; through
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them local reflexes can occur. When all
of the brain except the lobes under the
esophagus is removed, the octopus re-
mains alive but lies at the bottom of
the tank; it breathes regularly but
maintains no definite posture. If it is
sufficiently stimulated, it responds with
stereotyped behavior.

A greater variety of behavior can be
obtained if some of the brain lobes
above the esophagus are left intact.
For instance, the upper brain’s median
basal lobe and anterior basal lobe send
their fibers down to the lower lobes
and through them evoke the patterns of
nerve activity involved in walking and
swimming. Above these two lobes are
the vertical lobe, the superior frontal
lobe and the inferior frontal lobe; their
surgical removal does not result in any
defects of behavior that are immediately
obvious.

It is with these three lobes and the
two optic lobes—which lie on each side
of the central mass of the brain—that
this article is mostly concerned. Using
the electric-shock method of training

outlined in color. The octopus adapts readily to life in a tank of
seawater and can be trained easily through reward and punishment.
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VERTICAL LOBE we soon found that, as far as visual

learning goes, removing either the ver-

o OPTIC STALK tical lobe, the superior frontal lobe or

-;- i “"-..)\ (CUT) both, or cutting the nerve tracts be-
; > X

FRONTAL LOBES -

SUPERIOR BUCCAL LOBE~ \!\/{ : —_— o wvEDian  tween these two lobes, lef.t the octopus
BN el 8 —BASAL unable to learn the required discrimi-
# : LOBE

nations (or, if they had already been
learned, unable to retain them). Since
operations on other parts of the brain—
performed on control animals—had no
effect either on learning or on previously
learned behavior, we seemed to have
demonstrated that the vertical lobe
and superior frontal lobe of the octo-
pus brain are memory centers. In a
sense they are, but this is an unduly
simple view; in a recent summary of
findings Young has listed no fewer
than six different effects caused by the
removal of or damage to the vertical-
lobe system alone.

Karl Lashley, who studied the cere-
bral cortex of mammals, concluded that,
in the organization of a memory, the
involvement of specific groups of nerve
cells is not as important as the total
number of nerve cells available for or-
ganization. A similar situation appears
to hold true in the functioning of the

OCTOPUS BRAIN is shown in a side view with the left optic lobe removed (see top view R =
vertical lobe of the octopus brain; there

of brain below). The labels identify external anatomical features of the brain and its
nerve connections. As is the case with many other invertebrates, the brain of the octopus is a definite relation between the
completely surrounds the animal’s esophagus. Excision of the entire upper part of the amount of vertical lobe left intact and
brain is not fatal, but the octopus’s behavior then exhibits neither learning nor memory. the accuracy with which a learned
response is performed [see top illus-
tration on page 48]. This seems to sug-
gest that, at least in the octopus’s
vertical lobe and the mammalian cere-
bral cortex, memory is both everywhere
and nowhere in particular.

Some of the difficulties such a con-
clusion presents may be due to a failure
to distinguish experimentally between
the two constituents of a memory.
Whatever its nature, a memory must
consist not only of a representation, in
neural terms, of the learned situation
but also of a mechanism that enables
that representation to persist. A dis-
tinction must be made between the to-
pology of what persists (the coding and
spatial relations involved in the memory
of a particular animal) and the mecha-
nisms of persistence (the neural change
that is presumably the same in the
memory of any animal). Indeed, it may
be that some of the theoretical confusion
in the study of memory arises from the
fact that experiments showing a quanti-
tative relation between memory and
nerve tissue tell us something about
how the neural representation of mem-
TOP VIEW OF BRAIN relates the two large optic lobes and their stalks to the ceniral ~ OrY is organized but nOthing about how
brain structure situated above and below the octopus’s esophagus (color). Combined, the the representation is kept going.
mass of the two optic lobes roughly equals that of the brain’s central structure; the fringe In our experiments demonstrating
of nerves at each lobe’s outer edge connects to the retinal structures of the octopus’s eyes. that an octopus deprived of its vertical

o il
OPTIC NERVES— 4

]
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lobe could not be trained to discriminate
between a crab alone (that is, reward)
and a crab accompanied by a geometric
figure and a shock (that is, punishment)
our groups of trials were separated by
intervals of approximately two hours.
When we spaced the trials so that they
were only five minutes apart, however,
we found that such animals were ca-
pable of learning [see bottom illustration
on page 48]. Using the number of trials
required as a criterion of learning, we
found that these animals attained a
level of performance as good as that of
normal animals trained with longer time
intervals between trials.

One significant difference remained:
a normal octopus has a learning-reten-
tion period of two weeks or longer, but
animals without a vertical lobe had
retention periods of only 30 minutes to
two hours. These observations suggest
that the establishment of a memory in-
volves two mechanisms. There is first a
short-term, or transitory, memory that,
by its continuing activity between in-
tervals of training, leads to a long-term
change in the brain. If there were no
reinforcement, the short-term memory

MEDIAN SUPERIOR
FRONTAL LOBE

MEDIAN INFERIOR
FRONTAL LOBE

POSTERIOR BUCCAL
LOBE

SUPERIOR BUCCAL
LOBE

BRACHIAL LOBE

PEDAL LOBE

SAGITTAL SECTION stained with silver reveals some of the
structures in the octopus brain. Broken lines (color) show the
route of the esophagus, the boundary between the upper and
lower parts of the brain. Labels identify eight lobes in the upper
brain and four in the lower; experiments before and after surgical

would wane; with reinforcement it
keeps going and so induces the long-
term—and by implication slower—
changes that enable a brain to retain
memories for long periods.

In 1957 Eliot Stellar of the University

of Pennsylvania School of Medicine
pointed out the parallels between our
results with invertebrates and the un-
expected discovery of a similar effect
in man by Wilder Penfield, Brenda
Milner and W. B. Scoville of the
Montreal Neurological Institute. Epi-
leptic patients who have been treated
by surgical removal of the temporal
lobes of the brain score as well in L.Q.
tests after the operation as they do in
tests before the onset of epilepsy. They
remember their past, their profession
and their relatives. They cannot, how-
ever, retain new information for more
than short periods. Articles can be
read and understood, but they are not
remembered once they are finished and
another topic is taken up. A relative
may die but his death goes unremem-
bered after an hour or so. This surgery
involves the hippocampal system of the

&
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human brain; its effects seem to suggest
that, although man’s cerebral cortex in-
corporates a long-term memory system,
the hippocampal system is essential to
the establishment of new long-term
memories.

Today a considerable body of be-
havioral and psychological evidence
favors the separation of memory into
short-term and long-term systems. At
the neurological level this distinction
has brought about a reaffirmation of
the role in memory of what are called
self-reexciting chains. A few years ago
the concept of such chains had gone out
of fashion because it had been found
that neither convulsive shocks nor cool-
ing the brain to a temperature so low
that all activity ceased would abolish
learned responses. It is now known that
if such treatments are given during the
early stages of learning—that is, before
a memory is fully established—they have
an effect; supposedly this is because
they have interfered with the more
active part of the process. As the surgi-
cal operations for epilepsy indicate, a
long-term memory system is intact after
removal of the temporal lobes. A short-

_ ANTERIOR BASAL
f—— LOBE

MEDIAN BASAL
LOBE

LEVEL OF ESOPHAGUS

g\ CHROMATOPHORE
% LOBE

»  PALLIOVISCERAL LOBE

_—— STATOCYST

removal show that the vertical lobe (top right) plays a role in
visual learning and that the inferior frontal lobe (top left) is one
of two involved in tactile learning. The statocyst (bottom right)
is not a part of the brain; it is one of the twin organs responsible
for the octopus’s sense of balance. Magnification is 15 diameters.
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UNSCHOOLED OCTOPUS leaves the shelter at one end of its
tank (first photograph) and walks toward the bait at the opposite

term memory system must also remain,
however, because the patients can re-
member new information for short peri-
ods, particularly when they use mne-
monic devices. On the basis of this in-
terpretation it would appear that the
hippocampal system may have the role
of linking the two memory mecha-
nisms—whatever that may mean.

For octopuses in our training situ-
ation it seems at first that when the

TRAINED OCTOPUS is cautious in its approach when a crab and
a geometric figure are presented together (first photograph). If
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vertical lobe of the brain is removed, the
long-term memory system of the animal
is completely abolished, leaving only the
short-term system. We obtain a differ-
ent result, however, if instead of show-
ing such an animal a crab with or with-
out a geometric ﬁgure we present it
with figures only, rewarding it with a
crab for an attack on one figure and
punishing it with a shock for an attack
on another. Under such conditions an

© 1965 SCIENTIFIC AMERICAN, INC

end. The advancing animal uses only one of its eyes to guide it.
When the bait, a crab, is in range, the octopus throws its leading

octopus without its vertical lobe can
learn the required discriminations and
retain them. At least two conclusions
can be drawn from this kind of result.
The first is that the vertical lobe is es-
sential to the memory system if the
learned response involves a change in
what might be termed innate behavior
toward an object as familiar to an octo-
pus as a crab. The second is that a long-
term memory system for some responses

the animal seizes the crab, it receives an electric shock (note
darkened region at the base of the arm in second photograph). As



arms forward to seize it (second photograph). Next it tucks the
crab up toward its mouth (third photograph). The octopus then

can be maintained in the absence of the
vertical lobe.

Since we do not know (and probably
never will know because it is so dif-
ficult to rear Octopus vulgaris from
its larval stage) whether the octopus’s
response to a crab is learned or in-
nate, our studies over the past eight
years have iuvolved experiments in
which reward or punishment is given

training continues, the octopus will often not even leave its
shelter when crab and figure are presented (third photograph).

only after the animal has responded to
an artificial situation, that is, the presen-
tation of a figure of a given size, shape
or color. It has been shown that animals
without a vertical lobe can learn to
attack unfamiliar figures for a reward,
although they do so more slowly than
normal animals. Once they have learned
to attack such figures these octopuses
retain their response for as long a time
as normal animals do. If octopuses
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returns to its shelter (fourth photograph), where it kills the crab
with a poisonous secretion from its salivary glands and eats it.

without a vertical lobe are required to
reverse a learned visual response, how-
ever, they find it particularly diffi-
cult. When a shock is received for at-
tacking a figure that formerly brought
a reward, the animals can still learn
to discriminate, but they make be-
tween four and five times as many mis-
takes as normal animals; moreover, their
period of retention is shorter.

In addition to its large visual system

If crab and figure are brought near a fully trained animal, it
pales and pumps a jet of water at them (fourth photograph).
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VERTICAL LOBES REMOVED (PERCENT)

CONTRAST IN PERFORMANCE of normal (far left) and surgically altered octopuses
shows that the number of errors increased more than threefold as larger and larger por-
tions of the brain’s vertical lobe were excised. This finding supports the conclusion that
the organization of memory depends primarily on the number of brain cells available.

TIME TO ATTACK (SECONDS)
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ABILITY TO LEARN can be demonstrated by an octopus deprived of the vertical lobes
of its brain, provided that the trials are only a few minutes apart. In the example illus-
trated, little learning was apparent during 12 alternating exposures to negative and posi-
tive stimuli. Thereafter three successive negative stimuli were avoided by the octopus.
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the octopus has a complex chemo-
tactile sensory system. Most of the
investigation of this system has been
done by Martin Wells and his wife
Joyce. By applying methods similar to
those used for training the animals to
make visual discriminations, they have
been able to show that tactile learning
in the octopus is about as rapid as
visual learning. Octopuses have been
trained to discriminate between a live
bivalve and a counterfeit one consisting
of shells of the same species that have
been cleaned and filled with wax. They
can discriminate between a bivalve
with a ribbed shell and another species
of comparable size but with a smooth
shell. Just recently Wells has found that
octopuses can detect hydrochloric acid,
sucrose or quinine dissolved in sea-
water at concentrations 100 times less
than those the human tongue can detect
in distilled water. Presented with arti-
ficial objects, they can distinguish be-
tween grooved cylinders and smooth
ones, although they cannot distinguish
between two grooved objects that differ
only in the direction in which the
grooves run [see illustration on opposite
page]. After intensive training they can
discriminate a cube from a sphere about
75 percent of the time.

Through each arm of an octopus,
which is studded with two rows of
suckers, runs a cord of nerve fibers and
ganglia. In these ganglia occur local
reflexes along the arm and between the
rows of suckers. It is supposed that,
when the octopus makes a tactile dis-
crimination, the state of excitation in
the ganglia above each sucker is deter-
mined by the proportion of sense organs
excited, and the degree to which these
sense organs are stimulated determines
the frequency with which nerve im-
pulses are discharged in the fibers run-
ning from the ganglia to the brain.
Learning in the isolated arm ganglia is
probably not possible. Wells has found
that for tactile learning to occur the
upper brain’s median inferior frontal
lobe and subfrontal lobe are neces-
sary. Damage to these regions of the
brain does not affect visual learning,
and for that reason the two lobes have
often been used as the sites for control
lesions in the investigation of visual
learning.

The role of the median inferior frontal
lobe seems to be to interrelate the in-
formation received from each of the
octopus’s eight arms; if the lobe is re-
moved and one arm is trained to reject
an object, then the other arms continue
to accept the object. Without the sub-



frontal lobe the animals cannot even
learn to reject objects by touch. As in
the case of the vertical lobe in visual
learning, the retention of small por-
tions of the subfrontal lobe allows
adequate learned performance. Wells
believes that as few as 13,000 of the
five million subfrontal-lobe cells may
be sufficient for some learning to occur.
The subfrontal lobe is structurally very
similar to the vertical lobe; it must be
considered the vertical lobe’s counter-
part in the chemotactile system. Re-
moval of the vertical lobe nonetheless
has an effect on chemotactile discrimi-
nation, mainly in the direction of slow-
ing the rate at which learning occurs.

’]‘his account has discussed the main

lines of work on memory systems
that have been carried out with octo-
puses as experimental animals, together
with some comparisons with human
memory. Recently Young has sum-
marized all the work on the cephalopod
brain of the past 17 years and has
devised a scheme of how such brains
may work in the formation, storage and
translation of memory into effective
action.

Young proposes that in the course of
evolution chemotactile and visual centers
developed out of a primitive taste-
and-bite reflex mechanism. As these
“distance receptor” systems evolved,
providing information as to where food
might be obtained other than that re-
ceived from direct contact, there came
to be a more indirect relation between
a change in the environment and the
responses that such a change produced
in the animal. As this happened, sig-
nal systems of greater duration than
are provided by simple reflex mecha-
nisms also had to evolve; learning had
to become possible so that the animal
could assess the significance of each
distant environmental change.

Suppose, for example, a crab ap-
pears at a distance in the visual field
of an octopus; as a result of what can
be called “cue signals” there arises in
the octopus brain a system for pro-
ducing “graduated commands to at-
tack.” This command system will be
weak at first but will grow stronger
with reinforcement. The actual strength-
ening process will vary according to the
reward or punishment met at each at-
tack, because the outcome of each at-
tack gives rise to a “result” signal. Such
signals condition the distance-receptor
systems that initially cued the attack—
in the present example, the visual-
receptor system. These result signals

become distributed throughout the ner-
vous tissue that carries a record of a
particular event.

There is, of course, a delay between
the moment the cue signals are received
in the brain and the moment the result
signals arrive. If the result signals are
to produce the appropriate condition-
ing of memory elements, the address
of these elements, so to speak, has to
be held to allow correct delivery of the
information of, say, taste or pain. In
the brain of the octopus each optic
lobe contains “classifying” cells, among
them vertically and horizontally ori-
ented sets of nerve fibers that are
presumably related to the vertical and
horizontal arrangement of elements in
the retina of the octopus’s eye. These
classifying cells form synapses with
“memory” cells in the optic lobes that in
their turn activate the cells that signal
either attack or retreat. According to
Young’s hypothesis, each of the memory
cells at first has a pair of alternative
pathways; the actual neural change
during learning consists in closing one of
the two pathways. This closing may be
accomplished by small cells that are

abundant in these learning centers and
that can perhaps be switched on so
as to produce a substance that inhibits
transmission.

Suppose an attack has been evoked
by means of this system; the memory
cells activate not only an attack cir-
cuit but also a circuit reaching the
vertical lobe of the upper brain. The
signals indicating the results of the
attack, such as taste or pain, arrive
back and further reinforce the memory
cells in the optic lobes, which have
been under the influence of the appro-
priate pathways set up in the vertical
lobe during the time interval between
the cue signal and the result signal
[see illustration on next page].

The hypothesis that the actual change

represented by memory is produced
by the small cells agrees with the fact
that these cells are also present in the
part of the brain that was shown by
the Wellses to be the minimum nec-
essary for tactile memory. Young sug-
gests that the small cells were original-
ly part of the primitive taste-and-bite
reflex system, serving the function of

b
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LEARNING BY TOUCH in the octopus was investigated by presenting objects with
a variety of shapes and textures. In the case of a grooved cylinder (top) only the sense
organs in contact with the surface are excited; those resting over the grooves remain
inactive. Thus the octopus can learn to discriminate between a smooth cylinder (gray)
and a grooved one (color), and even between a cube and a sphere; it cannot, however,
discriminate between two cylinders that differ only in the orientation of the grooves.
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temporary inhibition. The evolution of
the memory consisted in making the
inhibition last longer. The sets of auxili-
ary lobes associated with the memory
system arose to allow for various com-
binations of inputs to be set up, to be
combined with the signals that report

the results of actions and finally to be
“delivered to the correct address” in
the memory.

There is much that is speculative
about this description, but the fact re-
mains that both the visual and the tac-
tile memory systems of the octopus

ATTACK FOOD

. e
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embrace sets of brain lobes arranged
in similar circuits. This organization
provides opportunities for study of the
memory process that are made more
challenging by Young’s conviction that
comparable circuits exist in the brains
of mammals, including man.

DRAW IN FOOD
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—_————>
DIRECTION OF
NERVE IMPULSES

AB ANTERIOR BASAL LOBE

1B INFERIOR BUCCAL LOBE

LIF LATERAL INFERIOR FRONTAL LOBE
LSF LATERAL SUPERIOR FRONTAL LOBE
MB MEDIAN BASAL LOBE

MIF MEDIAN INFERIOR FRONTAL LOBE
MSF  MEDIAN SUPERIOR FRONTAL LOBE
PB POSTERIOR BUCCAL LOBE

SB  SUPERIOR BUCCAL LOBE

SF SUBFRONTAL LOBE

SV SUBVERTICAL LOBE

V' VERTICAL LOBE

DUAL NATURE OF MEMORY can be traced out on an exploded
view of the octopus brain. Circuits leading from the optic lobe
(color) are the first to be activated on receipt of a visual cue by
the lobe’s classifying cells. The cue is then recorded in the
memory cells and relayed to the command cells; the latter induce
the octopus to attack or retreat. If an attack is rewarded, the
returning “result” signal will reinforce a memory that registers
the initiating cue favorably. If, instead, the attack brings pain,
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the reinforced memory will register the cue unfavorably and any
similar cues encountered in the future will be channeled to the
circuits governing retreat rather than attack. Additional circuits
(black) connect the memory and command regions of the optic
lobe to various lobes of the upper brain; thus each event and its
outcome are also recorded and reinforced in these nervous tissues.
In due course what appear to be the long-term components of the
memory system become localized in individual upper brain lobes.

EYE
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Xodalk reports on:

a new plate that will go far...encoding 2000 x 490 documents coolly...a very selective compound

The trouble with astronomers

Astronomy has probably done more for us than we have
done for astronomy.

Some of the deepest chemical and physical underpinnings
that support us as we cheerfully manufacture $n X 108 worth
of photographic materials this year were driven down to bed-
rock because astronomers were analytical-minded users of
photographic materials, though unable to match boardwalk
tintype artists for volume of consumption.

The trouble with astronomers is still their paucity. Yet here
we go, proudly announcing the Kopak Special Plate, Type
080-01, that halves exposure time for the faintest of stars,
nebulae, and their spectra, or alternatively, establishes new
extremes in faintness. Since, in the class of observations where
it is not extraneous light that imposes the limit, penetration is
bought with exposure time and focal length, and since the
world supply of telescope time on serious focal lengths defines
a rather cozy little customer-community of astronomical
frontiersmen, questions of commercial sanity might well
be raised.

No, the explanation is not so simple as that this emulsion
research will soon pay off in shooting cowboys on dimly lit
saloon sets for TV. A deeper understanding now reveals weak-
ness in conclusions drawn from studies of fast films designed
for other purposes than to distinguish threshold light signals
from darkness. That the earthlier applications of photography
use fractional-second exposures instead of hours is only part
of the difference.

With rival claims now reassessed, photographic detection
has been restored to its former eminence in the astronomical
observatory. How can we now possibly stand it to refrain
from jumping in? To whom shall the astronomers turn if not
to us?

Kitt Peak National Observatory recorded the very large and faint plane-
tary nebula NGC 7293 in Ha light with (left) the former best choice,
KODAK Spectroscopic Plate, Type 103aE, and (right) the new KODAK
Special Plate, Type 081-01, an “E"-sensitized version of our new breed.

Not many men pull on their shoes in the morning with the
thought, “Today I'll ship something that will probably expand
the visible universe.” It’s fun to make a galaxy like Messier
32 grow:

20

DIAMETER
1%

X
¥

1920 1930 1 ]9'50 19%0
YEAR OF OBSERVATION
This business, yielding a revenue inverse to its cosmic scope, is
conducted by Special Sensitized Products Division, Eastman Kodak
Company, Rochester, N.Y. 14650.

Information at the fingertips

Compared with fish, fats, fuel, or anything else you can think
of, information is now the most dignified commodity in which
to traffic—to sell, buy, gather, generate, blend, arrange,
process, refine, filter, weigh, store, retrieve. We want you to
think of us in association with the two last named. Better yet,
think of our RECORDAK MIRACODE System. It can reward your
interest by bringing your domain abreast of the age without
loss of your cherished sense of financial reasonableness.

See Miss 1966, a well educated girl contributing to the
soundness of society in a dignified, cool, pleasant way. The
console at her left as she coolly retrieves from your RECORDAK
MIRACODE System holds 490 film magazines each containing
up to 2,000 documerts, the proper one of which will appear on
the screen (and ever. in the hand) within seconds in response to
an interrogation punched on the keyboard.

The news is of healthy, continuing growth at the under-
neath part of the iceberg. Down below, where the massive
problems are found of encoding usefully and rapidly 2000 X
490 documents—that’s where the coolness of the retrieval is
determined.

That’s where, for example, you may now install our new
accessory that makes a common card punch translate Hollerith
holes into the proper signals to lay down photographically on
the film a code describing the document image or images it
precedes. This code can, of course, extend to whatever depth
is wanted for precision of response to those cool fingertips.

This kind of talk grows complicated all too quickly. To set up a
situation where it can be better pursued in the necessary detail,
address your own kind of inquiry about the RECORDAK MIRACODE

System to R. F. Beckwith, Recordak Corporation, 770 Broadway,
New York 10003 (Subsidiary of Eastman Kodak Company).

Glycine picker

Should an occasion arise where it is desired to pick the glycine
out of a protein hydrolysate, attention is drawn to a 1935
paper in J. Biol. Chem. (10, 317). It reports that Potassium
Oxalatochromate forms an insoluble complex with glycine and
only glycine among all amino acids.

Sorry to have waited till now to offer the compound. It is available
as EASTMAN 9256 from lab-supply dealers or from Distillation Products
Industries, Rochester, N. Y. 14603 (Division of Eastman Kodak Com-

pany). So are many thousand other EASTMAN Organic Chemicals.
Send to same address for ““List No. 43.”

This is another advertisement where Easiman
Kodak Company probes at random for mutual in-
terests and occasional commerce with those whose
work has something to do with science
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Write for
the facts on
these new,
low cost
X-Y
recorders

I ‘ s -7
L -
Series 1120
$1450, 8%2" x 11”

Series 1130
$1790, 11" x 17”

If you want the utmost in recording
performance at lowest cost, the
VARIPLOTTER® 1120 0r 1130 is what
you need. Plot research results quickly
—to an accuracy of 0.1%. These high-
precision instruments give you fast
response and excellent repeatability—
and they include features which are
usually listed as expensive extras:

« All solid-state circuitry. Zener refer-
ence supplies « Porous platen vac-
uum hold-down ¢ Built-in time base
Inch or centimeter scaling. Single unit
for rack or bench mounting « 18 DC
ranges—1 millivolt/inch to 20 volts/
inch.

We'll be glad to send you complete
information. Write today to Electronic
Associates, Inc., West Long Branch,
New Jersey.

EA'-. FETRUNI ASSOCIATES, INC. West Long Branch, New Jersey
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Extended Symmetry

he mystery presented by the mul-
I tiplicity of “elementary” particles
seems to be rapidly reaching a
climax and perhaps even a solution. The
idea is gaining ground that all the
known particles can be grouped into a
few large families and that within each
of these “supermultiplets” all the par-
ticles can be regarded as the mathe-
matical equivalents of one another. This
method of grouping particles arose
with the “unitary symmetry” theory
called SU(3), also known as the eight-
fold way (see “Strongly Interacting Par-
ticles,” by Geoffrey F. Chew, Murray
Gell-Mann and Arthur H. Rosenfeld;
ScIENTIFIC AMERICAN, February, 1964).
Within the past six months a still more
comprehensive ordering scheme called
SU(6) has won broad support. SU(6)
refers to a special unitary group whose
algebra is based on six components and
yields even bigger supermultiplets than
SU(3) does.

The SU(3) theory showed how parti-
cles that vary in certain basic proper-
ties (isotopic spin and hypercharge) can
be regarded as members of a supermul-
tiplet, provided that they are alike in
other basic properties (ordinary spin
and parity). The most familiar particles
that can be grouped in this way are the
nucleon doublet (the neutron and pro-
ton), three sigma particles, two xi par-
ticles and a lambda particle, which to-
gether constitute a supermultiplet with
eight members—an octet. Another super-
multiplet of 10 members—a decuplet—
met SU(3) requirements but was lacking
its 10th member at the time it was pro-
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posed. When the missing particle—the
omega minus—was discovered a year
ago, the prestige of SU(3) was greatly
enhanced. The theory that postulated
these groupings had been developed
independently in 1961 by Murray Gell-
Mann of the California Institute of
Technology and Yuval Y. Ne’eman of
Tel Aviv University.

The SU(6) theory rehabilitates an
idea proposed nearly 30 years ago by
Eugene P. Wigner of Princeton Univer-
sity. Wigner had suggested that the
forces inside the atomic nucleus might
be largely independent of the spin of the
nuclear components. The idea, which
had only limited success in predicting
the properties of nuclei, has now been
applied to the subnuclear particles
themselves. The eight-member and 10-
member supermultiplets are charac-
terized by different amounts of spin
angular momentum. Particles in the
eight-member group have 1/2 unit of
spin; those in the 10-member group have
3/2 units of spin. Both groups, however,
have positive parity. In the SU(6) theory
the difference in spin provides the key
to grouping the octet and decuplet into
a still larger supermultiplet in which
spin itself is regarded as a secondary
property, like charge, hypercharge, iso-
topic spin and mass. In the SU(6)
counting system the octet and decuplet
form a supermultiplet not of 18 mem-
bers but of 56. The explanation is that
each particle in the octet has two spin
states, for a total of 16 states, and each
particle in the decuplet has four spin
states, for a total of 40 states; 16 plus
40 equals 56. According to the sym-
metry operations of SU(6) the 56 mem-
bers of the supermultiplet can trans-
form into each other.

Other supermultiplets that similarly
transform under SU(6) have 20, 35 and
70 members. Supermultiplets of 35 or
56 members can accommodate most of
the well-established particles. A 35-
member family can be formed by group-
ing 17 of the known mesons that have
negative parity. Eight have a spin of
zero, therefore only one spin state each;
nine have a spin of one, or three spin
states each. The total is eight plus 27, or
35, spin states.

One unexpected triumph of SU(6) is
that it accounts for the ratio of the
magnetic moment of the neutron to that
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of the proton, which is —1.91/2.79, or
—68. According to SU(6) it should be
—2/3, or —.67.

SU(6) can be regarded as a marriage |

of SU(3) and Wigner’s spin-indepen-
dence concept. In a mathematical sense
SU(3) treats all the particles as if they
were composites of three fundamental
particles, which Gell-Mann has called
“quarks.” (Various groups have been
hunting the quark, so far without suc-
cess; it may exist only as a useful
mathematical fiction.) In SU(B) it is
assumed that each quark has two spin
states, so that six states are available
for forming the particles actually ob-
served. The smallest supermultiplet of
six objects taken three at a time is a
set of 20. Sets of 35, 56 and 70 consist
of more elaborate combinations of the
six quark states taken three at a time.

The authorship of the SU(6) theory
is shared by a number of workers. The
first statement of the theory was pub-
lished by Feza Giirsey of the Middle
East Technical University in Ankara and
Luigi Radicati of the Scuola Normale
Superiore in Pisa while the two men
were visiting the Brookhaven Nation-
al Laboratory last summer. Other early
statements of the theory were made by
B. Sakita of the University of Wiscon-
sin and independently by George Zweig
of the California Institute of Technol-
ogy. Others who helped to develop the
theory were Abraham Pais and M. A.
Baqi Bég of the Rockefeller Institute
and Virendra Singh, now at the Tata
Institute of Fundamental Research in
Bombay.

In its early version SU(6) could ac-
commodate only the static properties of
particles, and many physicists doubted
that it could be extended to cover the
behavior of moving particles. For this
purpose it would have to be expressed
in a form consistent with the special
theory of relativity. Significant success
in this direction now seems to have
been achieved by two groups. One
consists of Abdus Salam, J. Strath-
dee and R. Delbourgo, working at the
International Centre for Theoretical
Physics in Trieste. The other group con-
sists of Pais and Bég, who reported their
results at the January meeting of the
American Physical Society in New York.
The relativistic version of SU(6) may
permit the approximate prediction of

Simulation of
space environments

... another new technology that is moving forward
faster with HVEC Particle Accelerators

This simulation of micrometeoroid im-
pact on steel ... by accelerating micron-
sized carbonyl spheres to hypervelocity
... is one of the many down-to-earth ways
HVEC Particle Accelerators are being
used to research the effects of space
environments on components and men.

Aerospace researchers find HVEC Part-
icle Accelerators particularly useful for:

e Space radiation simulation
e Radiation damage studies

e Development of radiation-resistant
solid-state devices and components

e Production of radiation -resistant
plastic materials

e Precision calibration of radiation
detectors

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

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

High Voltage Engineering produces a complete line of particle accelerators ranging from 300-keV to 30 MeV.

HIGH VOLTAGE
ENGINEERING
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Does one of these
demanding descriptions
fit you?

l SECTION MANAGER, TRANS-
MITTERS. To direct aggressive de-
velopment programs for state-of-the-
art miniaturized RF transmitters. He
should have ten years of experience
in the design and engineering super-
vision of military communications
equipment: it should have given
him personal drive, demonstrated
leadership ability, unusual technical
understanding and keen administra-
tive insight.

Il SENIOR STAFF ENGINEERS,
RECEIVERS. Leadership capability
sufficient for immediate assumption
of key roles in vigorous develop-
ment programs for solid-state mi-
crominiature receivers. Positions
require six to eight years of ex-
perience and in-depth knowledge of
receiver design fundamentals.

Il PROJECT ENGINEERS, SPACE
INSTRUMENTATION. Technical
ability of the very highest order is
required. Six to eight years ex-
perience, preferably data handling,
control, or analog instrumentation.
B DESIGN ENGINEERS, RF CIR-
CUITS. With knowledge of state of-
the-art device and circuit technol-
ogy. At least three years experience
covering HF, VHF, UHF, or micro-
wave applications.

If you qualify, your present job
is not good enough. You can in-
crease your personal satisfaction
and professional rewards by con-
tacting Electronic Communications,
Inc., today.

ECI has built a solid, successful
reputation in airborne communica-
tions, multiplexing and space in-
strumentation. The Company offers
pleasant living conditions and
unusual educational and cultural
opportunities in St. Petersburg,
Florida. And it offers you a chance
to participate in further growth
through technological contribution.
Call collect Duane Meyer (813)
347-1121, or send him your resume
at ECI, Box 12248A, St. Petersburg.
Florida 33733. (An equal opportunity
employer.)

ELECTRONIC
COMMUNICATIONS, INC.

' St. Petersburg, Florida '
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scattering probabilities in various par-
ticle reactions—predictions that have
heretofore been very difficult. There is
also a possibility that the symmetry
groups will be still further enlarged to
form even bigger supermultiplets.

A Place for the Mohole

It has been decided where to dig the

Mohole. After a six-year search for
the ideal spot at which to drill a hole
through the earth’s crust to the under-
lying mantle, earth scientists have se-
lected a site in the Pacific Ocean 100
miles north of Hawaii. At the chosen
site the sea is some 14,000 feet deep
and the ocean floor is an estimated
17,000 feet above the mantle, so that
the surface-to-mantle distance is a rela-
tively short 31,000 feet.

The prospective site for the Mohole
and six sites for testing purposes, also
in the Pacific, were recommended to the
National Science Foundation, which is
in charge of the Mohole project, by a
Selection Committee of the National
Academy of Sciences. A site near San
Juan, Puerto Rico, that had received
consideration was finally ruled out be-
cause it lay within a hurricane belt.
Another, near Antigua, was vetoed be-
cause the distance from sea level to the
mantle was 35,000 feet, the estimated
limit of a practical drilling regime.

Breakthrough in Test Detection?

Recent developments suggest that a

solution to the problem of detecting
underground nuclear tests, or at least
a substantial improvement in capability
for dealing with the problem, may be
at hand. The key development is the
installation by the U.S. of a large de-
tection system in Montana. In addition
a group of seismologists from several
nations agreed at a recent meeting
sponsored by the Royal Society of Lon-
don that with such equipment it should
be possible to distinguish an under-
ground test from an earthquake. If re-
liable detection could be established, the
way might be opened to include under-
ground tests in the treaty banning nu-
clear testing.

The Montana installation is called
LASA, an acronym for “large-aperture
seismic array.” It consists of 525 buried
seismometers arranged in 21 star-shaped
clusters. Each cluster occupies about
a square mile, and the 21 clusters are
arranged in a circle some 125 miles in
diameter. The underlying idea is that
recording a seismic event on many de-
tectors, which are arranged to cover both
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a considerable geographic area and
several wavelengths of seismic energy,
will provide a basis for judging the
nature of the event against the con-
stant background of subterranean noise
caused by various natural phenomena
and human activities. In other words,
the objective of the array is to provide a
better signal-to-noise ratio for any event
of interest than can be obtained now.

LASA, which is being installed by
the Advanced Research Projects Agency
of the Department of Defense, is part
of Project Vela, the U.S. effort to im-
prove the detection of nuclear tests.
The $10 million installation is an out-
growth of five similar but much smaller
arrays already operating in Oregon,
Utah, Tennessee, Arizona and Okla-
homa. Project Vela officials hope the
concept of the Montana array will im-
prove by a factor of five to 20 the
capability of present apparatus, which
can detect an underground nuclear ex-
plosion of about one kiloton in granite
and 20 kilotons in soft rock.

The Great Quasar Hunt

he task of identifying quasi-stellar

radio sources, or quasars, which in-
clude the brightest and most distant
objects in the universe, has been great-
ly accelerated by the completion of a
new catalogue that provides accurate
positions for more than 400 radio-emit-
ting objects of all types. How many of
them will prove to be quasars remains
to be seen, but some guesses run as high
as 30 percent. Until the data in the
catalogue were compiled reliable posi-
tions for radio sources were so scarce
that fewer than 15 of them had been
identified as quasars from their appear-
ance on photographic plates. With the
aid of the catalogue the number of sus-
pected quasars has been increased to
about 60; the prospect is that as many
more may be identified in the next few
months.

The new catalogue, which is not yet
published, represents more than a year
of observations made with the new 300-
foot radio telescope at the National Ra-
dio Observatory in Green Bank, W.Va.
The observers were Ivan Pauliny-Toth,
Campbell M. Wade, Jr., and D. S.
Heeschen. The big Green Bank instru-
ment can be pointed only along a line
running north and south. As a radio
source drifts across this line its radio
output is recorded. The known dec-
lination of the telescope and the time
at which the signal reaches a maximum
provide a position that has a probable
error of only 15 seconds of arc.



Provided with such positions, Allan
R. Sandage and Philippe Veron of the
Mount Wilson and Palomar Observa-
tories have been inspecting sky-survey
plates made with Palomar’s 48-inch
Schmidt telescope. The plates are made
in pairs to record the blue and red re-
gions of the spectrum separately. To
qualify as a potential quasar a stellar
object must be in the right position and
emit strongly in the blue. When such an
object is found, Sandage inspects it
photoelectrically with the 200-inch re-
flector to see if it has the strong ultra-
violet emission that is characteristic of
a quasar.

The final step is to record the full
spectrum of the object to see if its
spectral lines display a red shift. A red
shift indicates that the object is re-
ceding as part of the general expansion
of the universe; the greater the red
shift, the more remote the object. Al-
though quasars are intrinsically bright,
they are so distant that only four have
yielded spectra whose red shifts are well
established. One of the four appears to
be the most distant object in the uni-
verse. A fifth may be even more distant,
but its spectrum, which contains only
one faint line, cannot be unequivocally
interpreted. Most of the red-shift de-
terminations have been made by Maar-
ten J. Schmidt of Mount Wilson and
Palomar.

Because quasars are such strong ul-
traviolet emitters it seemed possible to
make an optical search for them with-
out reference to the catalogue of radio
positions. Such a search can be con-
ducted by making a double exposure
on a single photographic plate. One ex-
posure is made in the ultraviolet part
of the spectrum; the plate is then shifted
slightly and a second exposure is made
in the yellow region. When the de-
veloped plate is inspected, objects with
strong ultraviolet emission stand out
vividly. Using this method, Sandage
has found an unexpected number of
objects that imitate quasars. Since
they do not coincide with any of the
known radio sources, he refers to them
as interlopers.

It has been suggested that the inter-
lopers are “silent” quasars—quasars that
have either not yet started to emit radio
energy or have passed their peak. San-
dage suspects, however, that most of
them will turn out to be a peculiar
type of star in the outer regions of our
own galaxy; he is pursuing the optical
search to test his hypothesis. What
pleases optical astronomers is that the
quasar search is now symmetrical: they
are turning up objects that radio astron-
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omers must examine. It used to be the
other way around.

Fourth Test of General Relativity

radio astronomer at the Lincoln

Laboratory of the Massachusetts
Institute of Technology has proposed a
fourth test of Einstein’s general theory
of relativity. Writing in a recent issue
of Physical Review Letters, Irwin 1.
Shapiro outlines a plan for bouncing
radio waves off Mercury or Venus when
it is on the far side of the sun from the
earth and recording the echoes. Accord-
ing to the general theory, such waves
should be slowed down by a tiny
amount as they travel through the gravi-
tational field of the sun. By measuring
the changes that occur in the interval
between the transmission of a radio
wave and its reception back on earth
when the wave passes near the sun,
Shapiro and his colleagues hope to veri-
fy this relativistic effect of the sun’s
gravitation.

In some respects the new test re-
sembles a technique that has been em-
ployed many times since 1919 to veri-
fy another prediction of the general
theory. By measuring the apparent dis-
placement of stars in the sky when they
lie close to the limb of the sun during
a solar eclipse, it has been possible to
detect the predicted bending of star-
light by the sun’s gravitational field.
The two other successful tests of the
general theory involve slight changes
in the rotation of Mercury’s elliptical
orbit and the “gravitational red shift”
of spectral lines observed in the spectra
of the sun and a few very massive stars;
the gravitational red shift has also been
observed on earth in experiments utiliz-
ing the Mossbauer effect.

“Whiskers” in Quantity
A process that makes high-strength

“whiskers” of silicon carbide avail-
able in quantity has been announced by
the Carborundum Company. Previously
whiskers, which are tiny, single-crystal
fibers of various materials, had been
grown only in laboratories, and efforts
to scale the process up for quantity
production had been unsuccessful. The
Carborundum Company has not dis-
closed the details of its process, saying
only that “no problems are foreseen in
scaling up to whatever capacity demand
will warrant.” The company puts the
tensile strength of its silicon carbide
whiskers at three million pounds per

square inch; as is the case with the
whisker form of many materials, that
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is far higher than the strength obtain-
able with large pieces of the material.

Crystals of certain nonmetals such
as silicon carbide have high strength
because of the strong forces between
their atoms. Such crystals tend, how-
ever, to be brittle. Recent efforts to
develop high-strength materials for use
in structures have concentrated on put-
ting nonmetal fibers in a metal matrix,
thereby combining the high strength
of the fibers with the relative lack of
brittleness of the metal (see “Fiber-
reinforced Metals,” by Anthony Kelly;
ScienTIiFic AMERICAN, February). Prob-
lems still remain, however, notably the
problem of placing the fibers or whisk-
ers in a suitable matrix. Officials of
the Carborundum Company said they
hoped their process would advance re-
search on such problems by making
whiskers available in whatever amounts
an experimenter may desire.

Oldest Rocks?

Amlysis of the relative abundance of
strontium isotopes in samples of
rock from a group of islets halfway
between South America and Africa in-
dicates that the rock may be 4.5 billion
years old, roughly a billion years older
than any heretofore studied. The rocks
nearest in antiquity are a South African
granite with an isotope age of 3.2
billion years and a Minnesota granite
with an age of 3.3 to 3.5 billion years.

The islets, a Brazilian possession
known as St. Peter and St. Paul Rocks,
lie on the Mid-Atlantic Ridge near the
Equator; they have long interested ge-
ologists because they are composed en-
tirely of the rock peridotite. In theory
peridotite is a major component of the
mantle, that deep layer of plastic rock
that is buried by miles of the earth’s
crust and that surrounds the earth’s
core. It has been speculated that the
islets are surface exposures of this pri-
mordial layer.

Five peridotite samples from the
region were analyzed in 1964 by the
Isotope Geology Group of the Carnegie
Institution of Washington to determine
the ratio of strontium 87 (the decay
product of rubidium) to strontium 86
(the common isotope) in their contents.
One sample substantially exceeded the
other four both in the proportion of
strontium 87 and in the quantity of
undecayed rubidium present. Stanley R.
Hart, the principal investigator, em-
phasizes that the analysis is subject
to an error of as much as 25 percent;
he nevertheless believes it is possible
that the sample is a fragment of outer



mantle, chemically unaltered from the
time of its formation some 4.5 billion
years ago.

“Eyeless Vision” Unmasked

The flurry of interest among Soviet

- psychologists in women who demon-
strated “second sight” by “reading”
with their fingertips, elbows and toes
has ended. The ladies do not have “eye-
less vision” after all. An article in
Literaturnaya Gazeta, recently trans-
lated by Albert Parry of Colgate Uni-
versity, makes it clear that at least some
Soviet psychologists were suspicious
from the start, just as most U.S. psychol-
ogists and all accomplished magicians
were when they heard of the “phenom-
enon.” The Soviet investigators have
now established that the ladies were
cheating: they peeked.

“Eyeless vision” appeared in the So-
viet press in the summer of 1962, when
22-year-old Rosa Kuleshova was report-
ed to be able to “read” print while
blindfolded by moving a fingertip over
the lines. An epidemic of other examples
followed. Nina Kulagina gave a demon-
stration that a Soviet parapsychologist
called “a great scientific event.” Lena
Bliznova “read” with her fingers not
quite touching the page and described
a picture covered by a stack of books.
In the U.S. Life published a report on
“dermo-optical perception.” Richard P.
Youtz of Barnard College reported that
a Michigan woman, Patricia Stanley,
could distinguish colors with her fingers
in absolute darkness.

As the Literaturnaya Gazeta article
points out, although there have been
reports of eyeless vision at least since
the 18th century, it has never been
claimed by a blind person—“although
they should have been the very first
to discover and perfect this ability
so important to them.” The article de-
seribes a thorough investigation of Nina
Kulagina at the Bekhterev Psycho-
neurological Scientific Research Insti-
tute in Leningrad. Carefully controlled
tests were mixed with those in which
there was an opportunity to peek or
eavesdrop; the woman scored well only
when she could cheat. “There were no
miracles whatsoever,” reported the head
of the institute. “There was ordinary
hoax.” The author of the article ob-
served a demonstration by Rosa Kule-
shova. “I had the impression that Rosa
peeked,” he wrote. Peeking is easy, ac-
cording to those who understand “men-
talist” acts. It is virtually impossible to
devise a blindfold that does not leave a
tiny aperture on each side of the nose.

OFFERING FOR SAILE
PETRO/CHEMICAL PLANT

MUSKOGEE, OKLAHOMA

Prime Chemical Processing Facility in operational condition,
including complete gas plant facilities for producing gaseous
ethylene, hydrogen, nitrogen and carbon dioxide.

U. S. Government Property
TO BE SOLD IN TWO PARCELS BY SEALED BID
Bid Opening: June 22, 1965; 1:00 p.m. CST

Parcel One: 250 acres (approx.) within security fence complete with all plant
improvements, processing equipment, laboratory and office equipment, and
miscellaneous equipment thereon.

Parcel Two: 420 acres (approx.) unimproved land abutting south boundary of plant
property.

CHECK THESE ADVANTAGES
O Unitized process design facilitates adaptation
O Natural gas, in abundant supply in the area, is used for raw stock
O “Offsites’” have large capacity
O Arkansas River inland waterway navigation channel presently under construction
will provide outlet to Mississippi River
O Highly productive and easily trained labor force available locally

SPECIFIC PLANT DATA

TRANSPORTATION — Plant is served by an

FACILITY — Built to produce high energy
boron-hydride type liquid fuels, the plant was
completed in 1958. During actual operating
period (about two years) very little corrosion
or other damage occurred. Since shutdown in
1963, a staff has been maintained to keep all
equipment in good working order. Wide spacing
maintained between individual units on the
plant site proper provides a considerable
amount of improved property directly adjacent
to pipeways, roads, tank farms, buildings, etc.,
which would be available for potential expan-
sions and additions.

industrial spur of the St. Louis and San Fran-
cisco Railroad. Five railroads intersect at
Muskogee and provide scheduled freight service.
Access by truck is via Federal Highways 62, 64,
and 69. Eighteen motor freight carriers serve
Muskogee. Central Airlines provides daily
scheduled passenger and freight service at
Muskogee. The Arkansas River Navigation Chan-
nel, when completed, will have a 9-foot mini-
mum depth and 250-foot minimum bottom width
from the Mississippi River to Muskogee.

LOCATION — Approximately 50 miles southeast of Tulsa, Muskogee is in a most
favorable geographic position. Economically, it is one of the Nation’s ‘‘Top 100
Markets'’. A 750 mile radius from Muskogee encompasses Cincinnati, Louisville,
Knoxville and Atlanta to the East; the Gulf Coast from Tallahassee to Brownsville to
the South; EI Paso, Albuquerque, Denver and Cheyenne to the West; and, Sioux City,
Minneapolis-St. Paul and Chicago to the North.

ATTRACTIVE CREDIT TERMS AVAILABLE TO PURCHASER DIRECT FROM GSA

INVESTIGATE THIS BLUE CHIP FACILITY. Inspection by appoint-

or wire —

ment. For illustrated brochure and further information call, write
Bids must be submitted on bid form provided by GSA.
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GENERAL SERVICES ADMINISTRATION
BUSINESS SERVICE CENTER
GEN ERAL 1114 Commerce Street Dallas, Texas 75202
SERVICES Please send immediately details, specifications and
bid form GSA-R -487 on the Petro/Chemical Plant
ADM'NISTRAT|ON facility for sale in Muskogee, Oklahoma.
Utilization and Disposal Service NAME
Real Property Division
1114 Commerce Street FIRM
Dallas, Texas 75202 ADDRESS -
-2131
T cITy STATE zIP

Area Code 214
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THE MAGNETOSPHERE

Satellite measurements indicate that the earth’s magnetic

field 1s confined to a definite volume of space shaped

somewhat like a teardrop with a tremendously long tail

[ I Yhe magnetic field of the earth is
commonly represented in text-
books as a symmetrical array of

lines of magnetic force centered on the
earth’s magnetic polar axis. The overall
configuration of the lines resembles the
undistorted dipole field set up by an
ordinary bar magnet, and the analogy
is often carried to the point of depicting
a giant bar magnet buried at the center
of the earth. In the absence of any ex-
ternal influences such a field would
extend indefinitely into interplanetary
space, becoming gradually weaker with
distance from the earth.

Since 1958 direct measurements of
the outer reaches of the earth’s field by
means of artificial satellites and rocket
probes have convinced many geophysi-
cists that this simple picture of the
earth’s magnetic field must be drasti-
cally revised. Far from being free of ex-
ternal influences, the geomagnetic field
is continuously buffeted by a “wind” of
electrically charged particles emanating
from the sun, distorted by electric cur-
rents circulating in the radiation belts
that girdle the earth and perhaps modi-
fied still further by a variable inter-
planetary magnetic field. The net result
of all these influences is a geomagnetic
field shaped somewhat like a teardrop
with a tremendously elongated tail. In-
stead of extending outward indefinitely,
the field appears to be confined to a
definite volume of space, called the
magnetosphere, that is surrounded by a
fluctuating but discrete boundary layer,
called the magnetopause. Analysis of
the data provided by the satellite mea-
surements has progressed to the stage
at which the broad outlines of the mag-
netosphere can now be mapped with
reasonable accuracy. Meanwhile theo-
rists have been able to construct sev-
eral alternative working models to ac-
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by Laurence J. Cahill, Jr.

count for the complex interactions that
take place both in and out of the mag-
netosphere between charged particles
and magnetic fields.

An Early Model

The first suggestion that the geomag-
netic field was confined to a definite
volume of space by a thin boundary
layer was made some 30 years ago. Ob-
servers had noted that large flares on the
surface of the sun were often followed a
day or two later by severe magnetic
storms on the earth. Such storms gen-
erally begin with a sharp increase in the
strength of the geomagnetic field over
much of the earth’s surface. From this
evidence the British geophysicist Syd-
ney Chapman and his colleague V. C. A.
Ferraro reasoned that the worldwide in-
crease in field strength might be caused
by the compression of the geomag-
netic field. They proposed in 1931 that
the agent of the compression was an
electrically neutral cloud of protons and
electrons (now called a plasma) ejected
by the sun in the course of a solar flare.
In order to account for the delay be-
tween the visual observation of a solar
flare and the occurrence of a geomag-
netic storm, they calculated that such a
cloud must travel through space at a
speed of about 1,000 kilometers per
second.

In the model put forward by Chap-
man and Ferraro an electric current is
induced in the plasma cloud as it first
encounters the outer magnetic field of
the earth; this current is analogous to
the current induced in a metal sheet
when it is thrust into a magnetic field.
In either case the “right hand” rule for
the flow of current in a conductor mov-
ing in a magnetic field is employed to
determine the direction of the induced
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current [see illustration on page 61].
A current induced in this way in the
plasma cloud would in turn set up its
own magnetic field, which would can-
cel the normal geomagnetic field in
the cloud and strengthen the normal
field in the region between the cloud
and the earth. The cloud would continue
to advance until its forward momentum
was expended in compressing the geo-
magnetic field. The resultant boundary
would remain at an equilibrium position
as long as the flow of plasma in the
cloud was constant. Successive surfaces
of plasma would arrive at the boundary
and be reflected from it by the same
mechanism.

Years later it became evident that
plasma is more or less continuously
emitted by the sun [see “The Solar
Wind,” by E. N. Parker; ScienTiFic
AMERICAN, April, 1964]. Solar flares
and sunspot activity apparently produce
stronger gusts in the otherwise steady
wind of plasma, and the magnetopause
moves in and out in response to these
gusts. Some details of the interaction of
the solar plasma and the geomagnetic
field contained in the original model
proposed by Chapman and Ferraro are
now known to be incorrect. Nonethe-
less, the model has allowed quantitative
predictions to be made as to the loca-
tion and shape of the magnetopause.
In general these predictions have been
in close agreement with the satellite
measurements. The model remains ex-
tremely useful as a first approach to the
actual situation.

According to the original Chapman-
Ferraro theory and later models derived
from it, the pressure of the solar wind
pushes the geomagnetic field closer to
the earth on the earth’s sunlit side and
bends the polar-field lines back toward
the tail on the earth’s dark side. The



ECLIPTIC

UNDISTORTED DIPOLE FIELD, similar to that set up by an with distance from the earth. The density of the lines of magnetic
ordinary bar magnet, would exist around the earth in the absence force is proportional to the strength of the field. The inner and
of any external influences. Such a geomagnetic field would extend outer Van Allen radiation belts, which respectively consist of high-
indefinitely into interplanetary space, becoming gradually weaker energy protons and high-energy electrons, are shown in color.
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ACTUAL GEOMAGNETIC FIELD is distorted by a variety of ex- area) remains more or less symmetrical around the earth’s magnetic

ternal influences, the chief being the “wind” of electrically charged polar axis. The solar wind bends the polar-field lines back toward
particles emanating from the sun (arrows). As a result the field the tail on the dark side of the earth. The magnetosphere is depict-
is confined to a definite volume of space, called the magneto- ed during winter in the Northern Hemisphere, when the angle be-
sphere, that is surrounded by a fluctuating but discrete boundary tween the geomagnetic axis and the solar wind is at a maximum; at

layer, called the magnetopause. The inner magnetosphere (colored this time the distortion of the magnetosphere is also at a maximum.
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plasma is most effective in compressing
the magnetosphere where the direction
of plasma flow is perpendicular to the
surface of the magnetopause. In the
simplest situation, where the plasma is
assumed to be streaming radially from
the sun in straight lines, the point of
maximum compression is on the line
that connects the center of the earth to
the center of the sun. Away from this
point the plasma strikes the magneto-
pause at less than a right angle and the
pressure is correspondingly reduced.
The pressure is zero where the flow

—

NOON _

DISTANCE (EARTH RADII)

—

SOLAR WIND

—

—

INITIAL TRAJECTORIES of the seven artificial earth satellites
and rocket probes mentioned in this article are projected on the
earth’s geographic equatorial plane in a view looking down on
the North Pole. The satellite orbits remain fixed in relation to the

60

of plasma is tangent to the magneto-
pause just beyond the dawn and dusk
meridians. By estimating the density
and velocity of particles in the solar
wind, it was possible to predict that the
magnetopause must lie somewhere be-
tween five and 10 earth radii from the
earth on the earth-sun line, with an in-
crease of 30 to 40 percent near the
dawn and dusk meridians. (The radius
of the earth is roughly 4,000 miles.)
On the dark side of the earth, where
the forward momentum of the solar
plasma is no longer effective in com-

PIONEER V
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pressing the magnetosphere, the size
and shape of the magnetosphere are
more difficult to predict. At first it was
thought that the thermal pressure of
the solar plasma, brought about by the
random motions of individual particles
and equal in all directions, would con-
fine the tail of the magnetosphere and
that the lines of force originating in the
polar regions of the earth would be
closed by this pressure within a few tens
of earth radii in the antisolar direction.
In most of the more recent models, how-
ever, the tail of the magnetosphere ex-

\

stars, but as the earth travels around the sun the orbits appear to
rotate around the earth toward the west (clockwise) at approxi-
mately one degree per day. Positions in longitude with respect to
the sun are commonly indicated in terms of the local time meridian.



tends to great distances on the dark side
of the earth or is not closed at all.

The Satellite Data

The first measurements of the outer
regions of the magnetosphere were
made in 1958 with instruments carried
in the space probe Pioneer I [see illus-
tration on opposite page]. With instru-
ments that could measure the geomag-
netic field only in a direction perpen-
dicular to the spin axis of the satellite,
Charles P. Sonett, then at the Space
Technology Laboratories, and his col-
leagues found that the measured field
was reasonably close to an undistorted
dipole field between three and seven
earth radii but was much stronger and
fluctuated widely between 12 and 14
earth radii. Near 14 earth radii a sudden
decrease in the strength of the field was
observed.

Two years later Pioneer V, carrying
similar instruments, traversed the outer
magnetosphere along the 3:00 p.M. local
time meridian. The results were similar
to those obtained on the earlier flight:
a gradually decreasing field out to eight
earth radii, a strong, fluctuating field
beyond 10 earth radii and a decrease to
a weak, presumably interplanetary field
somewhere between 15 and 20 earth
radii. If the decreases in field strength
observed beyond 14 earth radii were
interpreted as the magnetopause, these
distances were considerably greater than
the Chapman-Ferraro model had pre-
dicted.

In March, 1961, James P. Heppner of
the National Aeronautics and Space
Administration’s Goddard Space Flight
Center installed a magnetometer ex-
periment in the satellite Explorer X,
which was launched toward the rear
of the magnetosphere along the 9:00
p.M. meridian. On this flight both the
strength and the direction of the geo-
magnetic field were measured. The field
beyond eight earth radii was distorted,
as though the lines of force were being
pulled away from the earth, and the
strength of the field was higher than
predicted. The field remained fairly
steady, however, out to 21 earth radii,
where it abruptly decreased in strength
from 20 gammas to about 10 gammas.
(A gamma is a unit of magnetic-field
strength equal to a hundred-thousandth
of a gauss.) At this point the direction of
the field also changed abruptly and a
plasma detector on the spacecraft ob-
served high-velocity plasma for the first
time. The strength and direction of the
field continued to fluctuate by large
amounts beyond 21 earth radii. The ap-
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COMPRESSIONAL MECHANISM put forward in 1931 by Sydney Chapman and V. C. A.
Ferraro explained how an electrically neutral cloud of protons and electrons (now called a
plasma) ejected by the sun in the course of a solar flare could compress a part of the geo-
magnetic field and thereby cause a magnetic storm on the earth. As the plasma cloud first
encounters the outer magnetic field of the earth, the individual protons and electrons are
reflected by a force perpendicular to both the magnetic field and the direction in which the
particles are moving. The motions of numbers of protons and electrons constitute an elec-
tric current (black arrows), which in turn sets up its own magnetic field (not shown here).
The induced field cancels the normal geomagnetic field in the cloud (left) and strengthens
the normal field in the region between the cloud and the earth (right). The cloud continues
to advance until its forward momentum is expended in compressing the geomagnetic field.

pearance of plasma, together with the
sharp field changes, constituted con-
vincing evidence that the spacecraft
was passing through the magnetopause
at this point. Later in the flight the
plasma disappeared and reappeared
several times; each time the absence of
plasma coincided with a steady mag-
netic field of about 20 gammas pointing
away from the earth. When plasma was
recorded, the magnetic field was strong-
er and more erratic than that expected
in interplanetary space. The simplest in-
terpretation of these events is that the
satellite traveled outward approximate-
ly parallel to the extended tail of the
magnetosphere, and that the magneto-
pause moved back and forth past the
satellite in response to changes in the
solar wind.

Later in 1961 Explorer XII was
launched into a highly elliptical orbit
with an apogee beyond 13 earth radii.
At the University of New Hampshire
several students and I, with the assist-
ance of Erick Schonstedt of the Schon-
stedt Instrument Company and with
support from NASA, had prepared a
magnetometer experiment for this satel-
lite. One orbit per day was completed
during the 102-day lifetime of the sat-
ellite, so that extensive observations of
the outer magnetosphere were provided
under a variety of solar and geomag-
netic conditions. The apogee was initial-
ly near the noon meridian, but as the
earth moved around the sun the orbit of
the satellite remained fixed in space; as
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a result the angle between the major
axis of the orbit and the noon meridian
increased by about one degree per day
toward the west.

The magnetopause was recorded on
many passes by Explorer XII as a sud-
den, large shift in field direction and a
corresponding decrease in field strength,
with large fluctuations in both quanti-
ties. The strength of the field just in-
side the magnetopause was found to be
double the value predicted for an un-
distorted dipole field; this was in agree-
ment with the compression mechanism
put forward in the Chapman-Ferraro
model. The field outside the magneto-
pause was not zero, however, as the
Chapman-Ferraro model had predicted;
it was comparatively strong (10 to 50
gammas) and exhibited large fluctua-
tions both in strength and direction.
The distance from the magnetopause
to the earth was typically about 10
earth radii near the noon meridian, al-
though there was a considerable move-
ment of the magnetopause from day to
day. The closest observation of the mag-
netopause was at a distance of 8.2 earth
radii. Away from the noon meridian this
distance became greater, but day-to-day
fluctuations tended to obscure the gen-
eral increase. After three months, when
the satellite was near the dawn merid-
ian, the magnetopause was seldom ob-
served, an indication that it was beyond
13 earth radii.

Explorer XIV, launched in October,
1962, also carried a magnetometer ex-
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TYPICAL SATELLITE MEASUREMENT of the strength of the geomagnetic field between
five and 16 earth radii from the earth on the sunlit side is represented in this graph by the
jagged black curve. The smooth black curve is the hypothetical dipole-field strength. Below
five earth radii both curvesrise smoothly to about 50,000 gammas at the surface of the earth.
(A gamma is a unit of magnetic-field strength equal to a hundred-thousandth of a gauss.)
Between five and 10 earth radii the measured field is stronger than the predicted field; at
10 earth radii, where the magnetopause is located, the strength of the measured field is
nearly twice that of the predicted field. Beyond the magnetopause an irregular, fluctuating
field appears to extend out for another four or five earth radii, where a second, shock-front
boundary is located. Beyond the shock froni the records show a weak interplanetary field.

periment prepared at the University of
New Hampshire. This satellite had an
apogee of 16 earth radii, which was
initially on the 7:00 A.M. meridian, but
as the earth proceeded along its solar
orbit the satellite’s orbit appeared to
move back slowly into the tail of the
magnetosphere. Since the magnetopause
was detected only occasionally during
the first month of the flight, it was prob-
ably beyond 16 earth radii for most of
this time. In general the outer regions
of the magnetosphere appeared to be
more disturbed than they were on the
sunlit side of the earth. Substantial
fluctuations in both strength and direc-
tion were observed, but the average
direction was close to that predicted
by the Chapman-Ferraro model. After a
month the magnetopause was no longer
observed and the satellite was presumed
to be inside the tail of the magneto-
sphere.

Late in 1963 another elliptical-orbit
satellite was launched, this time with
an apogee near 30 earth radii. This was
the first of a series of Interplanetary
Monitoring Platforms, designed to carry
instruments beyond the magnetopause
to investigate cosmic rays, plasma and
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the magnetic field in interplanetary
space. The IMP-1 magnetometer experi-
ment, prepared by Norman F. Ness of
the Goddard Space Flight Center, suc-
ceeded in obtaining the first unambigu-
ous measurements of the strength and
direction of the interplanetary magnetic
field. The satellite also penetrated the
magnetopause twice every four days.
Again the magnetopause was found to
be about 10 earth radii from the earth
near the noon meridian, with this dis-
tance increasing to approximately 14
earth radii near the dawn meridian. The
IMP-1 apogee distance of 30 earth radii
also allowed observations of the mag-
netopause well beyond the dawn merid-
ian. Along the 5:00 a.m. meridian, for
example, the magnetopause was ob-
served on several occasions at about 16
earth radii from the earth.

The Structure of the Magnetopause

On the basis of all these measure-
ments it is possible to state with some
assurance that the magnetosphere ex-
tends to approximately 10 earth radii
from the earth on the earth’s sunlit side
and stretches back at least 30 earth radii

© 1965 SCIENTIFIC AMERICAN, INC

on the earth’s dark side. In contrast the
magnetopause itself appears to be less
than 100 kilometers thick. Compared
with the total size of the magneto-
sphere, the magnetopause can be visual-
ized as having the relative thickness of
the skin of an apple. Within this thin
boundary layer the strength of the geo-
magnetic field drops abruptly and the
direction of the field shifts by as much
as 180 degrees. According to the Chap-
man-Ferraro model, a ribbon-like layer
of electric current flows from west to
east inside the magnetopause. When
viewed in cross section, the lines of
magnetic force form loops around this
layer of current [see illustration at left
on page 64]. At the center of the loops
the magnetic field set up by the current
layer drops to zero. This zero-field
point is called an “O type” neutral
point from the configuration of the sur-
rounding magnetic-field lines. The ex-
istence of such a structure might be
verified by observing the changes in the
direction of the magnetic field as a
satellite passes through the current lay-
er. Bengt Sonnerup of the Royal Tech-
nological Institute in Stockholm, while
visiting our laboratory recently, found
evidence of the field-loop structure in
the Explorer XII magnetopause data.
In other cases, during magnetic distur-
bances on earth, he found field direc-
tions in the magnetopause opposite to
those predicted by the Chapman-Fer-

raro model.

The Shock Front

In early studies of the magnetosphere
it was assumed that the interplanetary
magnetic field was negligible and that
immediately outside the magnetopause
the solar plasma would have no mag-
netic field associated with it. More
recent studies of the solar wind and of
cosmic rays from the sun, however, sug-
gest that a spiral magnetic field, five to
10 gammas strong near the earth, ex-
tends from the sun. The measurements
of Explorer X and Explorer XII dem-
onstrated that beyond the magneto-
pause the magnetic field did not go to
zero but fluctuated between 10 and 50
gammas. Pioneer I and Pioneer V also
recorded an irregular, fluctuating field
between 10 and 20 earth radii from the
earth. In this “transition region” the
weak interplanetary field is apparently
compressed and distorted in some way
as it is carried around the magneto-
sphere [see illustration on opposite
pagel].

One explanation of this unexpected
finding, offered independently by sev-



eral theorists, is that a shock wave may
form in the flow of solar plasma around
the magnetosphere that is analogous to
the shock wave formed in the supersonic
flow of a compressible gas around a
solid object. According to this analogy,
a shock wave would form some four
or five earth radii upwind of the lead-
ing edge of the magnetopause. In or-
dinary gas dynamics such a shock wave
is not expected to form in flow around
an obstacle unless the obstacle is large
compared with the average distance
traveled between collisions by gas mole-
cules within the flow. When this con-
dition is met, the molecules act collec-
tively as a fluid and not as individual
particles. The flow of solar plasma
around the magnetosphere does not sat-
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isfy this condition, however; the “mean
free path” traversed by a plasma proton
before it collides with another proton
is estimated to be roughly 100 million
kilometers, whereas the diameter of
the magnetosphere is on the order of
100,000 kilometers.

An alternative mechanism for the
formation of a shock front in the solar
plasma is provided by the interplane-
tary magnetic field. Protons in the solar
plasma trace out circles with a radius
of several hundred kilometers as they
gyrate around the interplanetary lines of
force. Under certain circumstances this
distance can be considered to be anal-
ogous to the mean free path between
collisions in an ordinary gas flow. Thus
the interplanetary magnetic field can
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cause the plasma particles to act col-
lectively as a fluid.

The field transition observed at 14
earth radii by Pioneer I and between
15 and 20 earth radii by Pioneer V was
apparently the postulated shock front.
Explorer X and Explorer XII did not
travel far enough beyond the magneto-
pause to reach this second boundary.
The IMP-1 satellite, with an apogee of
30 earth radii, penetrated the shock front
repeatedly, and on a series of passes
late in 1963 and early in 1964 it mapped
not only the magnetopause but also
the second, shock-front boundary of the
magnetosphere. The IMP-1 results are
in general agreement with the predicted
changes in plasma flow and field prop-
erties at the shock front. The magnetic

INTERPLANETARY MAGNETIC FIELD is compressed and dis-
torted as it is carried around the magnetosphere in the transition
region between the magnetopause and the shock front. The plasma
protons in the solar wind are bound in spirals around the inter-

planetary lines of force and therefore can act collectively as a fluid
in this region. The trajectory of a typical satellite is shown pene-
trating the magnetopause and the shock front. Arrows along the
trajectory indicate the direction and strength of the measured field.
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field between the magnetopause and the
shock front was found to be stronger
than it is in interplanetary space and the
velocity of the solar plasma was found
to be lower. The plasma no longer ar-
rived only radially from the sun but
entered the plasma detectors from all
directions. In addition electrons with
energies of several thousand electron
volts were observed in the transition
region, whereas solar-wind electrons
rarely have energies higher than a few
electron volts. This suggested that some
of the original kinetic energy of the
plasma protons is transferred to the
electrons at the shock front.

Inside the Magnetosphere

The satellite measurements have
shown that the pressure of the solar
wind distorts the lines of magnetic force
inside as well as outside the magneto-
pause. Immediately inside the magneto-
pause, where the geomagnetic field is
weakest, the distortion is large, but even
close to the earth the fluctuations of the

magnetopause have some effect on the
geomagnetic field. When the magneto-
pause moves in and out rapidly, oscilla-
tions are set up in the outermost lines
of force and consequently in the plasma
particles bound to these lines. The oscil-
lations travel inward through the
plasma-filled magnetosphere as magne-
tohydrodynamic waves [see “Electricity
in Space,” by Hannes Alfvén; ScienTiFic
AMERICAN, May, 1952]. Abrupt com-
pressions or expansions of the entire
magnetosphere had been assumed to be
responsible for the worldwide fluctu-
ations in surface field strength known as
“sudden impulses” [see middle illustra-
tion on opposite page]. Recently Atsu-
hiro Nishida, working at our laboratory
with data from Explorer XII, noted
sudden impulses inside the magneto-
sphere between five and 10 earth radii
from the earth and, a minute or two
later, corresponding impulses in the
ground records. This confirmed the
notion that sudden impulses originate
near the magnetopause. The delay time
also yielded a crude estimate of the

average propagation velocity of magne-
tohydrodynamic waves through the
magnetosphere.

Periodic magnetic disturbances with
periods from a fraction of a second to
several minutes have also been recorded
in ground-level magnetograms. These
too are thought to originate in the outer
magnetosphere. Two types of long-peri-
od magnetohydrodynamic waves have
been observed at satellite altitudes. The
simpler type is a compressional wave,
much like a sound wave in air. The
wave propagates across the field lines
and consists of alternating zones of com-
pressed and expanded lines of force;
it is observed as a sinusoidal fluctua-
tion in field strength with little or no
fluctuation in direction. Compressional
waves with amplitudes of five to 10
gammas have been observed by satel-
lites, but it has not yet been possible to
identify the same waves in the ground
records.

A second type of long-period mag-
netohydrodynamic wave propagates in a
direction parallel to the field lines. The

CLOSED MODEL of the magnetosphere is derived from the origi-
nal Chapman-Ferraro model, in which a ribbon-like layer of elec-
tric current (black curve) is assumed to flow from west to east in-
side the magnetopause. When viewed in cross section, the lines of
magnetic force form loops around this layer of current. At the cen-
ter of the loops the magnetic field set up by the current layer drops
to zero. This zero-field point is called an “O type” neutral point

from the configuration of the surrounding lines of force.
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OPEN MODEL of the magnetosphere was first proposed by James
W. Dungey of the Imperial College of Science and Technology in
1961. If the interplanetary magnetic field were parallel but opposite
to the earth’s field at the nose of the magnetosphere, the field lines
approaching the earth from interplanetary space might connect
with the outer lines of the magnetosphere at an “X type” neutral
point in the magnetopause. In both illustrations on this page
the interplanetary magnetic field is represented by gray arrows.

© 1965 SCIENTIFIC AMERICAN, INC



disturbance vector is perpendicular to
the magnetic field and rotates around
the lines of force as the wave progresses.
Evidence of these transverse waves was
first noted on the earth in the auroral
zones. The waves have now been iden-
tified in the satellite measurements, first
by Paul J. Coleman, Jr., of the Univer-
sity of California at Los Angeles, work-
ing with data from Explorer VI, and
then more conclusively by V. L. Patel
of our laboratory, working with the
complete  vector-field measurements
obtained by Explorer XII. Both com-
pressional and transverse waves were
detected recently in the Explorer XIV
data with periods ranging from 20 to
45 minutes and with amplitudes of 10
gammas. The immense size of the mag-
netosphere makes possible the genera-
tion and propagation of magnetohydro-
dynamic waves with extremely long
periods and correspondingly long wave-
lengths. Satellite magnetometer experi-
ments make it possible to study these
unusual waves, which cannot be du-
plicated in the confines of a ground-level
laboratory.

It is generally thought that magneto-
hydrodynamic waves in the magneto-
sphere have a considerable influence on
the trapped particles there, possibly ac-
celerating the particles from lower to
higher energies and also decelerating
the particles, or changing their trajec-
tories in such a way that they are lost in
the atmosphere. Particles trapped in the
changing outer regions of the magneto-
sphere exhibit large fluctuations in pop-
ulation, particularly at times of mag-
netic disturbance.

The energy density of particles
trapped in the lower Van Allen radia-
tion belts also changes by significant
amounts, sometimes quite rapidly. A
complete evaluation of the relation be-
tween magnetohydrodynamic waves and
particle acceleration requires observa-
tion of particles of all energies and
waves of all frequencies. This has not
yet been accomplished and remains one
of the most interesting and fundamental
problems of the magnetosphere.

In their original model Chapman and
Ferraro attempted to account for the
weakening of the geomagnetic field dur-
ing the main phase of a magnetic storm
by an electric current of protons and
electrons completely encircling the earth
at a distance of several earth radii. This
ring of current is now thought to be
produced by the motions of the charged
particles trapped in the earth’s field.
The main phase of a geomagnetic storm
occurs when the number or energy of
the trapped particles is increased. This
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LARGE GEOMAGNETIC STORM, recorded at Honolulu on February 11, 1958, exhibited
the four distinct phases characteristic of this type of disturbance. During the initial phase
of the storm, which lasted for two hours, the strength of the magnetic field at the surface of
the earth increased by about 50 gammas above the prestorm level. During the main phase
the field strength dropped abruptly by more than 400 gammas. Rapid recovery phase was
completed some 18 hours after storm began. Slower recovery phase lasted for several days.
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POSITIVE “SUDDEN IMPULSE” is a lesser magnetic disturbance frequently observed at
the surface of the earth. Similar impulses have been recorded at satellite altitudes, starting
one ¢r two minutes earlier than the corresponding ground impulse and having a slightly
larger amplitude. Negative sudden impulses are also common. These fluctuations in the
strength of the geomagnetic field are presumably caused by sudden compressions or expan-
sions in the magnetosphere in response to increases or decreases in solar-wind pressure.
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RING CURRENT encircling the earth at a distance of several earth radii is produced by the
motions of the charged particles trapped in the earth’s field. The main phase of a geomag-
netic storm occurs when the number or energy of the trapped particles is increased. This
produces a decrease in the strength of the magnetic field between the current and the earth
and an increase in strength above the current. The strength of the prestorm field is shown
by the broken line; the solid line shows the calculated effect of the ring-current field.
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causes a decrease in the strength of the
magnetic field between the current and
the earth, but at altitudes above the
current the field should increase in
strength [see bottom illustration on pre-
ceding page].

Early measurements by Heppner,
with the Vanguard III satellite, indi-
cated that the current system respon-
sible for the main-phase decrease in
strength was beyond two earth radii.
Explorer VI measurements by Edward
Smith of the Space Technology Lab-
oratories indicated that the current was
beyond four earth radii on the dark side
of the magnetosphere. Between six and
eight earth radii, during several passes
of the same satellite, a considerable de-
crease below the predicted field strength
was observed, corresponding to the field
changes expected near the center of a

—

THREE-DIMENSIONAL VIEW of the magnetosphere shows the
doughnut-shaped inner magnetosphere (color), which contains the
stable, low-energy trapped particles and can be considered as being
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ring current. In the course of the Ex-
plorer XII observations from August
to December, 1961, several magnetic
storms occurred, and no weakening of
the field was recorded between the mag-
netopause and four earth radii. At four
earth radii the field was observed to
increase in strength during the main
phase of several storms at the same time
that a decrease was observed on earth.
This suggested strongly that the ring
current was between two and four earth
radii on the sunlit side of the magneto-
sphere.

So far no flux of particles intense
enough to produce a main-phase de-
crease in the strength of the magnetic
field recorded on the earth had been
found in the magnetosphere. Then Leo
Davis of the Goddard Space Flight Cen-
ter detected a particularly intense flux
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of protons, with energies greater than
100,000 electron volts, in an experi-
ment carried in Explorer XII. The pro-
tons detected by Davis and his col-
leagues were at a distance of between
two and four earth radii. During a storm
on September 30, 1961, Davis observed
a threefold increase in the flux of pro-
tons above the prestorm level. This was
accompanied by an increase in the mag-
netic-field strength at about four earth
radii, which was noted in the Explorer
XII magnetometer record. The particles
detected by Davis are apparently still
not intense enough to produce the ob-
served main-phase decrease; there must
be even larger numbers of particles with
energies lower than those detected.
Explorer XIV provided measurements
during a time of very low magnetic ac-
tivity deep in the tail of the magneto-

__-.—-——..-.

defined by them. Lines of force originating in the north and south
polar caps thread the hole of the doughnut and remain inside the
tail of the magnetosphere. In most recent models the tail extends



sphere. The orbit in January, 1963, was
near the 1:00 A.M. meridian, on the
opposite side of the tail from Explorer
VI, which had been launched some
years earlier. On several occasions a
weakening of the field below the pre-
dicted strength was observed between
five and eight earth radii. The weaker
readings were obtained only when the
satellite passed very close to the
geomagnetic equatorial plane. An in-
tense flux of low-energy electrons was
also seen in this region by Louis A.
Frank of the State University of Jowa in
another experiment on the same satel-
lite. Since the magnetic activity was so
low (there had been no significant mag-
netic storm for several weeks prior to
these measurements), it appeared that
the flux of low-energy particles and the
weak region near the geomagnetic equa-

to great distances on dark side of the earth
or is not closed at all. Magnetosphere is
shown during fall in Northern Hemisphere.

tor are permanent features of the tail of
the magnetosphere.

Syun-Ichi Akasofu of the University
of Alaska has suggested that certain
features of the main phase of large
magnetic storms require two regions of
electric current above the earth. The
first part of the main phase consists of
the greatest weakening of the field and
a fairly rapid recovery from the mini-
mum value. After the rapid recovery the
strength of the field continues to in-
crease, but at a slower rate; it often
takes several days to regain its pre-
storm level. Perhaps two currents are
involved, one of which decays rapidly,
the other over a longer period. The
weakening of the field observed be-
tween five and eight earth radii by
Explorer XIV may be due to a more
or less permanent current caused by a
large population of low-energy elec-
trons. At times of magnetic storms the
particle population may increase and the
field become still weaker. The persist-
ence of this region of particles, even at
a time of comparatively low magnetic
activity, suggests that the current due
to these particles may be partially re-
sponsible for the slowly decaying re-
covery phase of large magnetic storms.

Another unexplained phenomenon of
the magnetosphere closely related to
magnetic storms is the aurora. Auroras
are observed most frequently in two cir-
cular zones around the north and south
magnetic poles. The northern auroral
zone passes through Alaska and south
of Hudson Bay. Auroral displays are
enhanced at times of high solar activity
and consequent magnetic disturbance
on earth. At these times the auroral
zones appear to move southward; auro-
ras are sometimes seen as far south as
Florida.

It has been assumed that auroral dis-
plays result from the excitation of
atmospheric molecules above 100 kilo-
meters by charged particles precipitat-
ed from the trapped-particle belts. In
1957 Carl Mcllwain, then at the State
University of Iowa, detected some pro-
tons, but principally electrons, with
rocket-borne  instruments  launched
through a visible auroral arc. Brian J.
O’Brien, using the Iowa laboratory’s
Injun satellites that had been launched
in low-altitude polar orbits, observed
particles descending to auroral altitudes
at times of auroral displays. In the outer
regions of the magnetosphere particle
fluxes vary widely from day to day, and
the magnetopause is observed to move
back and forth with great rapidity.

It seems plausible, then, that the
auroral radiation is somehcw related to
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these less stable outer regions of the
magnetosphere. Unfortunately the ob-
served particle populations of the outer
regions would be depleted in a few min-
utes to provide the flux necessary to
sustain the aurora. The incoming solar
plasma provides a much higher density
of particles—if these particles can some-
how penetrate the magnetopause. The
energy of the electrons in the solar
wind, only a few electron volts, is much
lower than that of the auroral electrons.

Electrons with energies of several
thousand electron volts were found in
the transition region by John Freeman
at Towa with Explorer XII data, and
more recently in experiments on the
IMP-1 satellite. Particles of the requisite
energy appear to be present just out-
side the magnetopause. The neutral
points on the front side of the magne-
tosphere might provide entry to the
auroral zone for these electrons, since
the computed neutral-point field lines
reach the earth near, but somewhat
above, the auroral zones on the noon
meridian. The auroral displays on the
dark side of the earth are not explained,
however, by entry of auroral-energy
electrons on the sunlit side. In a closed,
teardrop-shaped magnetosphere the
field lines from the nighttime auroral
zone are buried deep within the tail of
the magnetosphere.

Some Recent Models

Models of the magnetosphere must
account for the considerable body of
experimental data that is rapidly ac-
cumulating. The sunlit side of the mag-
netosphere, near the Equator, is well
defined by experiment. The stretched-
out field lines in the tail have been ob-
served by Explorer X, Explorer XIV and
IMP-1. The Explorer XIV and IMP-1
measurements indicate that the tail of
the magnetosphere is controlled by the
solar wind and is symmetrical, not about
the geomagnetic equatorial plane but
more nearly about the continuation of
the earth-sun line behind the earth.
Explorer X and IMP-1 results suggest
that the tail of the magnetosphere flares
out and extends to 40 earth radii or
beyond. In spite of all these measure-
ments the polar region and the distant
tail remain comparatively unexplored,
and it is here the various models differ.
Complete models must explain two vital
problems of the magnetosphere: auroras
and magnetic storms.

The simplest model, mentioned ear-
lier in this article, predicts a teardrop-
shaped magnetosphere with a fairly
short tail closed by the thermal pressure
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CONVECTION OF PLASMA within the magnetosphere is represented in this “closed tail”
model. Plasma moves to the rear along the surface of the magnetosphere tail and returns up
the center of the tail, pulling the polar-field lines with it. The ends of the field lines, which
connect to the earth’s auroral zones, set up ionospheric electric currents in polar regions.
Motion of plasma is indicated by colored arrows in tail; colored arrow on earth shows cor-
responding movement of ends of polar-field lines. Black arrow shows rotation of earth.

“DOUBLE-BARRELED” TAIL is formed at great distances from the earth in this model
proposed recently by Alexander J. Dessler of Rice Institute. A polar-field line originating
just above neutral-point line in each hemisphere forms boundary of a separate tube of field
lines in the tail as earth rotates. Lines from north polar region point toward earth; south-
pole lines point away. Thus solar-wind plasma has direct access to entire auroral zones.

of the solar plasma. The geomagnetic
field is completely enclosed by the mag-
netopause and solar plasma is complete-
ly excluded. The magnetic-field lines
from the polar regions always remain
on the dark side of the earth. A line
of force extending from the northern
neutral point in the plane of the geo-
magnetic polar axis and the earth-sun
line passes over the surface of the
magnetosphere tail in the midnight
meridian and returns to the neutral
point in the Southern Hemisphere. In
12 hours this same line follows a much
shorter path well within the interior of
the magnetosphere tail. All lines origi-
nating at higher latitudes in the polar
cap remain within the magnetosphere
tail and never reach the magnetopause.
The lines that originate at latitudes be-
low the neutral point rotate with the
earth and trace out the doughnut-
shaped inner magnetosphere, fatter in
the front of the earth than in the rear
[see illustration on preceding two
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pages]. The inner magnetosphere con-
tains the stable, trapped particles and
can be considered to be defined by
them. Polar lines thread the hole of the
doughnut. Most recent models agree
with this simple scheme on the sunlit
side of the magnetosphere and in the
inner, toroidal portion. They differ in
the shape of the tail or the distance to
which it extends.

An alternative to the closed mag-
netosphere model was first described
by James W. Dungey of the Imperial
College of Science and Technology in
London in 1961. He suggested that
under certain * conditions the inter-
planetary magnetic field may join the
earth’s field. This could occur, according
to Dungey, if the interplanetary field
is parallel but opposite to the earth’s
field at the nose of the magnetosphere.
In this case field lines approaching the
earth from interplanetary space might
connect with the outer lines of the
magnetosphere at an “X type” neutral
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point in the magnetopause [see illus-
tration at right on page 64]. Once con-
nected, the outer field lines of the mag-
netosphere, with the magnetosphere
plasma anchored to them, would be
pulled to the rear by the advancing solar
plasma. This model was introduced to
explain several puzzling phenomena ob-
served in the polar regions even during
magnetically quiet conditions. The geo-
magnetic field in the polar regions is
often disturbed, and a special system of
ionospheric electric currents has been
postulated to account for the behavior
of these polar disturbances. Electric cur-
rents flow from east to west along the
auroral zone in the dawn hemisphere
and from west to east in the dusk
hemisphere; the return flow is across the
polar cap. In Dungey’s model the polar-
field lines carry plasma rearward within
the magnetosphere. Plasma returns to
the front of the magnetosphere with
field lines that connect to the auroral
zones. Motion of the plasma extends
with the field lines down to ionospheric
levels and establishes the polar iono-
spheric currents.

A model put forward by W. Ian
Axford and Colin O. Hines of the Uni-
versity of Chicago describes the same
sort of plasma flow through the mag-
netosphere but attributes it to viscous
interactions of the exterior plasma flow-
ing past the boundary and the plasma
within the magnetosphere. In both of
these models plasma returns toward the
earth along the center of the tail.

Alexander ]. Dessler of Rice In-
stitute has recently proposed a model
that includes division of the tail at
great distances into two separate tubes
of magnetic-field lines [see bottom illus-
tration at left]. Lines from the north pole
point toward the earth, and the south-
pole lines point away. The field lines
from the auroral zones form the bound-
ary of these tubes, and thus the solar-
wind plasma has direct access to the
entire auroral zones. Solar-wind elec-
trons accelerated in the transition region
to auroral energies are free to spiral
along these boundary lines to the earth’s
upper atmosphere. As with most of the
recent models some of these features are
speculative, whereas others are based
more firmly on experimental evidence.
Further analysis of the existing satellite
records, together with the launching of
new experiments, should fill some of
the gaps and narrow the range of pos-
sible models. Meanwhile the magneto-
sphere continues to provide a unique
laboratory for the study of large-scale
interactions of charged particles and
magnetic fields.



Thinking machine’s filter

A computer can’t stand bumpsin the
electricity fed to its thinking appara-
tus. They cause mistakes, and com-
puters are expected to be error-free.

Filtering a computer’s power sup-
ply is a job for a special kind of
Mallory capacitors, so reliable that
they’ll live at least as long as the
computer. This level of reliability
isn’t easy to come by. Every ma-

terial used in them is screened with
extra care. The aluminum foil, for
instance, is virtually free of impuri-
ties. Quality control samples go
through dozens of further tests—
to assure operation equal to 20
years’ service in a computer.

The exceptional quality of all
Mallory components — electronic,
electrical and metallurgical—pays

off in many ways, from giving you
a clear, steady TV picture to help-
ing stabilize jet aircraft.

High reliability Mallory compo-
nents do much to miniaturize, im-
prove performance and reduce costs
of products you make, sell or use.
Value-building is a Mallory spe-
cialty. P. R. Mallory & Co. Inc,,
Indianapolis, Indiana 46206.

MALLORY

electrical and electronic components « battery systems « sequence timers  special metals

© 1965 SCIENTIFIC AMERICAN, INC



- g

TEaEaE
o
L

%

7
/

TN

© 1965 SCIENTIFIC AMERICAN, INC



"POLAROID" ®

Polaroid’s latest film brings
you information from the

infrared in 15 seconds.

It's called Polaroid Type 413 Land In-
frared Film. lts spectral sensitivity ex-
tends from the visible into the infrared
beyond 9000A, peaking at 8400A. lts
development time is |5 seconds.

Being able to see your infrared pic-
tures on the spot has important advan-
tages. You can go ahead with testing or
experimentation uninterrupted. If you
need a record of spectrographic data,
for example, you've got it then and there.
Picture A—arc emission spectra, 6000A-
8800A—is an example of the sharp, de-
tailed record you get after a |5-second
pause in operations. (Top and bottom
records are CN spectra, middle record
is a copper spectrum.)

Also, if your picture requires special
or elaborate equipment, Type 413 film
saves you the risk of having to set it up
twice. Picture B, for example, a micro-
spectrograph of the cones of the retina,
required the use of infrared lighting be-
cause visible light causes bleaching of
the pigments. The scientist who took it

saw his results immediately and knew he
had a perfect picture while his set-up
was still intact.

While on-the-spot recording is the
most important advantage of this re-
markable new film, it isn't the only ons.
Type 413 film is also three times as sen-
sitive as conventional infrared films. lts
AS.A. equivalent speed is 800 without
filters. Since this permits faster shutter
speeds and smaller lens apertures, the
film is ideal for applications like aerial
photography. In Picture C — an aerial
shot of a potato field used for plant path-
ology testing—you can see how clearly
the film was able to record the fungus-
infected areas (dark rectangles) using an
extremely fast exposure setting. Shot was
made at /32 and | /300th of a second.

And Type 413 film is as easy to use as
any other Polaroid Land film. It can be
used in almost all standard Polaroid
Land cameras and camera backs using
Series 40 film and the procedure is the
same. Just snap the picture, pull the tab,
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and peel off the finished print in 15 sec-
onds. Because it's as simple as that to
use, the film will enable technicians and
other personnel who may not be trained
photographers to take infrared pictures
whenever they're needed. Picture D, for
example, a record of the infrared re-
flectance of concrete curing compounds,
is a type of photograph often called for
in materials testing—and any Sunday
photographer could have filled in and
done the job.

Because of these advantages Type
413 film will have wide use in almost
every field of industrial and scientific
photography. In laser research, spectro-
graphic analysis, specialized industrial
photography where heat is a factor,
plant pathology, general medical re-
search—wherever there is a need to in-
vestigate the infrared.

[f you would like to know more about
our latest film, write to: Sales Depart-
ment, Polaroid Corporation, Cambridge,
Mass. 02139.

Polaroid Corporation
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THE SARCOPLASMIC RETICULUM

High-resolution electron micrographs reveal that this complex

network of tubules and sacs inside the striated muscle fiber

performs the functions of rapid telegraphy, plumbing and supply

by Keith R. Porter and Clara Franzini-Armstrong

r I Yhe structure of a muscle fiber, like
the structure of a flower, tells a
revealing story. Its form and the

organs that compose it offer important

clues to how muscle functions. In re-
cent years examination of the fine
structure of the striated muscle fiber,
made possible by the electron micro-
scope, has shed new light on the mys-
tery that physiologists and biochemists
have been investigating for nearly a
century: the question of how the muscle
cell translates chemical energy into the
mechanical work of contraction. Most
of the studies have focused on the
contraction process itself [see “The

Contraction of Muscle,” by H. E. Hux-

ley, ScientiFic AMERICAN, November,

1958, and “How Cells Move,” by Teru

Hayashi, ScIENTIFIC AMERICAN, Sep-

tember, 1961]. This article is concerned

with an equally intriguing part of the
question: communications within the
muscle cell.

The process of contraction is complex
and calls for the coordinated action
of many elements in the cell. How does
the cell manage to direct the perform-
ance of all these elements so that they
work together? Messages must be trans-
mitted to all of them simultaneously,
and metabolic materials must be de-
livered to many different points at just
the right time. New studies with the
electron microscope have now identi-
fied the system that evidently performs

these services in the striated muscle
cell. It is a network of extremely fine
channels known as the sarcoplasmic re-
ticulum.

W*e must begin by examining the
general anatomy of the striated
muscle cell. (This kind of muscle fiber,
characteristic of skeletal muscles, has re-
ceived much more study than those of
the “smooth” muscles because it shows
its structure and action more clearly.)
The striated fiber gets its name from
crosswise bands that show up plainly
under the microscope [see illustration
on page 76]. Each fiber is a long cell
enclosed in a sheath called the sarcolem-
ma. It is made up of a large number of
ribbon-like filaments, called myofibrils,
that are packed closely together in the
cell. A series of broad crosswise bands
marks each fibril. These are alternately
dark and light. The dark band is called
the A band (for anisotropic) and it is
interrupted in its midsection by a nar-
row, less dense stripe called the H
band; the light band, called I (for iso-
tropic), is similarly divided across its
middle by a dark stripe called the Z
line. The individual myofibrils vary
somewhat in diameter and cross-section-
al shape, but the striations of all of
them are in register, so that the bands
run across the whole fiber.
The myofibril is the functional unit
of muscle action: the contraction of a

TRANSVERSE SECTION through the tail of a black mollie, a small aquarium fish, shows
several muscle fibers (large gray circular areas). The fibers are divided into rectangular
segments, called myofibrils, which are arranged more or less radially in the fibers. The
chainlike strings of small white circles that divide the myofibrils from each other are tu-
bules of the sarcoplasmic reticulum. Darker gray objects around fibers are mitochondria.
Tiny black dots mixed in with mitochondria are particles of glycogen. Between the muscle
fibers and the skin of the tail (bottom right) is a layer of pigment (large black spots) that
gives the fish its characteristic color and its name. The enlargement is approximately
22,000 diameters. All the electron micrographs in this article were made by the authors.
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muscle fiber is produced by the col-
lective and coordinated shortening of
the many myofibrils composing it. This
at once indicates a problem of com-
munication, which is made more dif-
ficult by the fact that all the fibrils
must be excited simultaneously. The
electrical stimulus, or “action potential,”
that triggers a fiber to contract travels
along the outside surface of the mem-
brane sheathing the fiber. The distance
from the outside to the center of the
fiber is of the order of 50 microns (50
thousandths of a millimeter). This
means that if the whole group of fibrils
is to shorten simultaneously, there must
be some sort of telegraphic system that
conveys the message rapidly to the in-
ner fibrils. What is more, the myofibrils
not only need to get the message; they
must also receive energy-supplying sub-
stances—adenosine triphosphate (ATP)
and creatine phosphate—during the re-
laxation phase of the contraction-relax-
ation cycle and get rid of waste prod-
ucts. Thus they prepare for the next
contraction, which may follow in a small
fraction of a second. All of this implies
the existence of a system capable of
performing the functions of rapid teleg-
raphy, plumbing and supply. Where
in the muscle cell, densely packed with
myofibrils, is there room for such a dis-
tribution system?

It is now known to reside in the
narrow spaces between the myofibrils,
which are filled with the cytoplasmic
fluid of the muscle cell called the sar-
coplasm. Many years ago light micros-
copists noticed that in muscle stained
with silver fine strands seemed to run
through the sarcoplasm in a delicate
network. What purpose this system
might serve was far from obvious, and
its discovery was dismissed as unim-
portant until a few years ago, when it
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was reexamined with the electron mi-
croscope. It then became plain that the
fine strands of the light image were
tubules and sacs associated to make up
a highly organized network connected
in a precise fashion to the pattern of
bands composing the myofibrils.

his network—the sarcoplasmic retic-

ulum—varies considerably in details
and complexity in various muscles and
species of animals, but it has general
features common to all of them. The
tubules run parallel to the myofibrils in
the spaces between them and also trans-
versely around the fibrils. At certain
places some of the tubules fuse and
form a sac that girdles each fibril and
also winds its way among the fibrils so
that it provides a transverse channel
across the whole fiber. These transverse
channels occur at the level of the H
band and also at the level of the Z line
of each myofibril segment, or sarcomere
[see illustration on opposite page].

When this continuous system of tu-
bules and sacs was discovered, it im-
mediately suggested to investigators sev-
eral interesting ideas. The tubes might
provide just the kind of plumbing need-
ed to distribute to the myofibrils the
energy-rich substances required for con-
traction. The thin membranes limiting
the tubules, in conjunction with en-
zymes that are active on such surfaces,
could take in selected substances from
the surrounding sarcoplasm to pass on
the products of metabolism to the fi-

a | b

STRUCTURE of a typical striated muscle is depicted in the series
of drawings on these two pages. A muscle (a) is made up of many
individual muscle fibers (b), one of which is shown in c¢. The
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brils. Moreover, the membranes might
transmit electrical signals along their
surfaces and thus convey the action po-
tential from the outside of the fiber to
the inner myofibrils.

In short, the system seemed ideally
suited for the communication and dis-
tribution functions required by a mus-
cle cell. It remained to be demonstrat-
ed, however, that the network actually
performed these functions. An encour-
aging step toward confirmation was soon
forthcoming. A. F. Huxley and his co-
workers at the University of Cambridge,
testing the stimulation of muscle fibers
by means of tiny electrodes, found that
they could excite the fibrils to con-
tract only when they applied the elec-
trode at the fibrils’ Z line, that is,
exactly where certain transversely ori-
ented structures of the sarcoplasmic
reticulum are located.

This discovery stimulated a closer
examination of these structures. Each
of them contains three elements that
together have been named the “triad”
[see top illustration on page 77]. Two of
the elements are vesicles, or sacs, be-
longing to the sarcoplasmic reticulum.
The third is a smaller tubule between
them. Curiously the tubule has no visi-
ble connection with the sarcoplasmic
reticulum vessels next to it and seems
to belong to a separate system that runs
across the muscle fiber, linking up the
myofibrils at the Z-line level. It has
been given the name T system (for
transverse).
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The identification of the T system as
an apparently independent network sug-
gested that it, rather than the sarco-
plasmic reticulum, was the telegraphic
channel that transmitted electrical mes-
sages from the outer membrane of the
muscle fiber to the inner fibrils. The
difficulty with this hypothesis was that
no clear connection could be found be-
tween the fiber membrane, or sarcolem-
ma, and the T system. In virtually all
the pictures of skeletal muscle fibers
that had been made by the standard
techniques the internal T channels
seemed to be definitely separated from
the outer fiber membrane.

\Vas it possible that connections ac-

'V tually existed but had somehow
been obscured by the conditions of the
experiments? In our laboratory at Har-
vard University we considered various
ways to improve the chances of de-
tecting the connections if they existed.
For one thing, it seemed that they might
be more likely to show up in constantly
active muscles than in relatively in-
active ones. Furthermore, it was pos-
sible that the connections were de-
stroyed by osmium tetroxide, the agent
customarily used to fix the muscle
preparations for viewing in the elec-
tron microscope; perhaps a change to
another fixative would preserve them
more successfully. With these possibili-
ties in mind, we chose for new experi-
ments the segmental muscles of fishes,
which are more or less constantly active,

muscle fiber shown greatly enlarged in d is cut in several sections.
The transverse section at the top is the same as that in the micro-
graph on page 72. The transverse section in the middle contains



and switched to glutaraldehyde instead
of osmium tetroxide.

To our delight the new experimental
conditions, particularly the use of glu-
taraldehyde, did indeed produce a dif-
ferent picture. The T channels, pre-
served intact, now showed themselves
to be not only connected to the fiber
sheath but also actually part of the
membrane itself, infolded deep into the
interior of the fiber at each Z line or, in

d

the T system (for transverse), an independent network of tubules
that transmits electrical messages, called “action potentials,” from
the sarcolemma, or outer membrane, of the muscle fiber to the

some muscles, at each junction between
A and I bands [see bottom illustration
on page 77]. As inward extensions of
the sarcolemma the T channels could, of
course, conduct electrical messages into
the cell’s interior. Moreover, they would
serve as inlets through which the fluid
outside the cell, bearing various ions and
other substances, could flow in among
the myofibrils and come into close con-
tact with them.
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We must now ask: What relation does
the T system have to the sarcoplasmic
reticulum? Is there a continuity between
the two systems or are they simply in
contact? A closer look at the triads,
where the sacs of the sarcoplasmic
reticulum and the T system lie very
near each other, showed that the thin
spaces between them are marked at
certain points by unusually dense con-
centrations of material that may well

inner fibrils. Other components of the fiber are indicated in the
longitudinal section at right, which is identical with that in the mi-
crograph on the next page. The sarcoplasmic reticulum is in color.
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sarcoplasmic reticulum in the skeletal muscle fibers of most verte-
brate animals is evident. The long, cigar-shaped objects at center
are mitochondria, which do not abound in this type of fiber.

LONGITUDINAL SECTION of a striated muscle fiber from a
black mollie is enlarged about 20,000 diameters in this electron
micrograph. The great regularity of the elements that make up the
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serve as bridges. Between the chan-
nels of the sarcoplasmic reticulum and
the T system, however, there is no open
continuity. The close association of the
two systems in the triad structure is
particularly extensive in muscles that
can contract and relax very rapidly; in
these muscles the triads are opposite
the junctions of the A bands and I
bands and so are twice as extensive as
they are in slower muscles. This fact
and other evidence suggest that the sar-
coplasmic reticalum and the T system
work together in triggering the contrac-
tion of myofibrils and thereafter assur-
ing their prompt relaxation. It appears
that the electrical excitation, arriving by
way of the T system, may trigger a sud-
den release of calcium ions within the
cell at the Z line of each myofibril seg-
ment, and that this in turn leads to the
contraction of the segment. With equal
rapidity the sarcoplasmic reticulum acts
to pull calcium ions out of the myofi-
brils, thus inducing their relaxation.

We have discussed so far just one of
the clues to the specific functions
of the sarcoplasmic reticulum, namely
its association with the triadic struc-
ture that is involved in triggering mus-
cle contraction and controlling relaxa-
tion. Let us go on to other structural
clues, providing further information on
the roles of the sarcoplasmic reticulum.
There can be little doubt that the
sarcoplasmic reticulum serves as a sys-
tem for the distribution in the muscle
cell of enzymes and other substances
required for metabolism. Although it
has its own unique features, the sarco-
plasmic reticulum is similar to a system
called the endoplasmic reticulum, which
performs these functions in many other
kinds of cell. A detailed examination
of striated muscle cells not only confirms
this role of the sarcoplasmic reticulum
in a general way but also indicates
some of the specific chemical activities
in which it is involved. Definite clues
to the sarcoplasmic reticulum’s plumb-
ing and supply functions emerge when
one compares the structures of the vari-
ous kinds of striated muscle cell.

The striated muscles can be divided
into three categories according to the
nature of their activity. One type, of
which heart muscle is an outstanding
example, works slowly but constantly.
It requires a steady supply of oxygen.
In contrast to this is the kind of mus-
cle, typified by the skeletal muscles,
that contracts and relaxes much more
rapidly but must pause at frequent in-
tervals to “catch its breath,” that is,
restore its energy and eliminate toxic

EARLY MICROGRAPH of a longitudinal section of muscle fiber reveals vessels running
from the sarcolemma (outer sheath) to the T system in the middle of the triad (sandwich-
shaped structure within the fiber). Resemblance of T system to the vessels suggested that
they were connected in a continuous tubule but were disrupted when fixed for viewing.

RECENT MICROGRAPH of a longitudinal section of muscle fiber shows the sarcolemma
folding into the fiber. The folds are identical with the T channels. They form the mid-sec-
tions of the triads (large white areas in the fiber). Enlargement of 30,000 diameters is
roughly three-quarters that of early micrograph (above). Improvement is in resolution.
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waste products, notably lactic acid.
The third type of striated muscle com-
bines the two attributes: it works rap-
idly and for long periods without paus-
ing. An example is the cricothyroid
muscle of the bat, which modulates
the pitch of the sound used by the bat
in its sonar echo-location system.
Now, a microscopic inspection of the
three types of muscle cell brings forth
the exciting finding that the develop-
ment of the sarcoplasmic reticulum in
each case is clearly correlated with the

particular metabolic needs of the cell.
In heart muscle, which does not require
rapid and short-order replenishment of
its energy, the sarcoplasmic reticulum
is not very prominently developed. In-
stead the myofibrils are bordered by an
abundant supply of large, well-devel-
oped mitochondria, the intracellular
bodies sometimes called the “power-
houses” of the cell. On the other
hand, rapidly acting skeletal muscles
that work in bursts have a highly de-
veloped sarcoplasmic reticulum and few

mitochondria. In the third muscle type,
working rapidly and constantly, both
the sarcoplasmic reticulum and the mi-
tochondria are well developed.

From these observations it seems rea-
sonable to suggest that the sarcoplasmic
reticallum serves as a source of quick
energy for muscles that act rapidly.
That is to say, it apparently is able to
produce ATP and to do so very quickly;
it is also only a short distance from
where the ATP is needed. In most
other cells the production of ATP is

TWO ADJACENT FIBERS from the tail of a black mollie are
shown in transverse section. The light-colored channels that open
outside of the cell membrane are components of the T system. The

SOLE ENERGY SOURCE in heart muscle, the mitochondria, lie
astride myofibrils and appear rich in cristae (strandlike folds). The
tiny invaginations between the mitochondria are parts of the T sys-
tem. The sarcoplasmic reticulum is poorly developed in such slow
but steadily working muscles. The enlargement is 19,000 diameters.
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channels that do not open to the outside are tubular elements of
the sarcoplasmic reticulum. Both types lie in spaces between
myofibrils of the muscle fiber. The enlargement is 31,000 diameters.

TWO ENERGY SOURCES, the mitochondria (right) and the sarco-
plasmic reticulum (broad gray bands at left), give power to cells
that must work rapidly for short periods of time. This micro-
graph is of muscle fiber from the swim bladder of a toadfish.
Enlargement is 24,000 diameters. Thin bands are of T system.
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concentrated solely in the mitochon-
dria, which synthesize ATP by means
of a complex series of reactions that
depends on the consumption of oxygen
and on oxidative phosphorylation as the
key reaction. This system evidently is
too slow and the distances involved are

too great for the needs of the muscle
cells that consume energy at a high
rate. For the myofibrils of the muscle
cell the sarcoplasmic reticulum, closely
intertwined with the fibrils, provides an
energy reservoir that is directly at hand
and also apparently is capable of gen-
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DIFFUSION of metabolic materials during four stages of muscle action is mapped here.
Four stages are contraction (solid colored arrows), relaxation (broken black arrows), re-
covery (solid black arrows) and recharge (broken colored arrows). Small gray particles are
glycogen; oblong object at right is a mitochondrion. Sarcoplasmic reticulum is in color.
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erating energy in a simpler and faster
way than the method of the mitochon-
drion. It seems altogether likely that
the sarcoplasmic reticulum synthesizes
ATP by means of anaerobic glycolysis,
the process that uses energy already
stored in glycogen, or animal starch.

From what has been learned about
the fine structure of the striated muscle
cell we can deduce a plausible picture
of the chemical dynamics of the sys-
tem [see illustration at left]. It starts
with the release of calcium ions by the
sarcoplasmic reticulum and T-system
tubules where they lie close together
at the sensitive points of the myofibrils.
The calcium ions trigger an enzyme
action associated with myosin—the con-
tractile protein of the fibrils—to bring
about the hydrolysis of ATP, breaking
it down to adenosine diphosphate
(ADP) with the release of energy. This
energy powers the shortening, or con-
traction, of the fibrils. The calcium ions
are recaptured by the sarcoplasmic re-
ticulum and the T system, and the
fibrils then relax. Meanwhile the ADP
has been quickly regenerated to ATP,
which serves to energize the next con-
traction. All of this takes place within
a few thousandths of a second.

Where does the energy to regenerate
the ATP come from? Apparently it is
provided by the dephosphorylation of
creatine phosphate, which is present in
the sarcoplasm. The creatine phosphate
thus lost must, of course, be replaced;
the cell apparently keeps up its stores
of the compound by synthesizing it in
a series of reactions that draws energy
from its glycogen, granules of which
lie close to the membranes of the sarco-
plasmic reticulum. These reactions pro-
duce both ATP (through anaerobic gly-
colysis) and then creatine phosphate.
They also generate the waste product
lactic acid. Presumably the sarcoplas-
mic reticulum transports the lactic acid
to the surface of the cell, where it is dis-
charged outside the cell and borne off
by the bloodstream to the liver. Some
of it, however, may be converted with-
in the cell itself into pyruvate, which
can be used by the mitochondria for

the synthesis of ATP.
]t may seem a stretch to deduce all
of this merely from electron micro-
graphs of the cell’s fine structure. Dec-
ades of close study of cells of all types,
however, have given cytologists so inti-
mate a knowledge of the machinery of
the cell that it is now possible to relate
function to form with a high degree
of precision and with confidence that
the clues are being read correctly.
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Acoustic Methods in Psychiatry

In which the speech of disturbed persons is analyzed not for content

but for such attributes as loudness and timbre. The results indicate

that this analysis can be useful in the description of mental state

hen someone calls on a physi-
cian, usually the first thing he
does is talk about the symp-

toms that have led him to conclude he
may be ill. The physician translates
this description into a written history
that, along with the results of a physical
examination and any necessary X-ray or
laboratory tests, helps to establish a
working diagnosis and plan of treatment.
The patient’s oral testimony not only
provides indirect clues about the illness
but also on occasion offers direct acous-
tic evidence as to the pathological proc-
ess that caused it. A tumor of the larynx
or vocal cords, for example, imparts a
hoarse quality to the voice. Brain dam-
age due to a blood clot prevents the pa-
tient from thinking of certain words to
describe his condition; hence his speech
contains gaps, errors or peculiar word
substitutions.

Clearly not all acoustic evidence of
disease is obvious, and not all patients
make an effort to reveal their problems.
An emotionally disturbed patient may
be unaware of his difficulties and inner
conflicts, or he may try to hide them,
fearing embarrassment, rejection or even
punishment. Psychiatrists, who attach
considerable diagnostic importance to
the patient’s history, must be particu-
larly alert to acoustic manifestations of
illness. When a patient begins to lose
control over his emotions, he often be-
trays his distress by slips of the tongue,
mispronounced words or changes in the
quality of his voice. If the patient suffers
from a disorganizing illness such as
schizophrenia, he may alert the psy-
chiatrist’s “third ear” by rambling, re-
peating himself or using bizarre termi-
nology or words he has coined himself.
The speech of the schizophrenic patient
may also have a peculiar blandness
of expression called “flat affect.”

The written history, even if it in-
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cludes actual quotations or a letter
in which the patient describes his dis-
turbance, remains a soundless docu-
ment. On occasion this is an advantage:
some abnormalities in a patient’s ver-
balized thoughts become clearer when
they are set down on paper. But the
written history also has a major short-
coming, apparent to anyone who has
winced at a novelist’s reproduction of a
Southern drawl. Speech has nonlexical
features that are almost impossible to
capture on paper, such as intonation,
tempo, loudness and timbre. Such
features are affected by illness. A
person suffering from multiple sclerosis,
for example, develops a “scanning” type
of speech that can only be recognized
when it is heard. Psychoneurotic pa-
tients who stutter produce sounds that
defy translation into words.

The inherent limitation of the written
history has stimulated physicians to
search for more precise methods of de-
scribing the sounds made by their pa-
tients. As long ago as 1827 James Rush
of Philadelphia published a book en-
titted The Philosophy of the Human
Voice, in which he used a kind of musi-
cal notation to depict the nonlexical
aspects of speech. In recent years Paul
J. Moses, an eminent laryngologist at
the Stanford University School of Medi-
cine, has developed a method of ana-
lyzing human vocalization in terms of
the “five R’s™: respiration, range, reg-
ister, resonance and rhythm. My own
search for ways to study the speech of
psychiatric patients has led me to try
a radically different method of describ-
ing voice patterns. My colleagues and
I at the University of California School
of Medicine in San Francisco have bor-
rowed the techniques developed in
acoustic laboratories for precise analysis
of sounds and have put them to clinical
use in analyzing speech.
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With the help of George Wilson, an
acoustical engineer at the University
of California at Berkeley, we undertook
to determine if one could characterize
the sound produced by a psychiatric
patient in purely physical terms. We set
up a tape recorder in a room where a
psychoneurotic woman with dangerous
trends toward depression and overeating
was to be interviewed. During a series
of interviews we recorded her speech
through a microphone 10 inches from
her mouth and in full view. After select-
ing four-second segments of tape con-
taining her most voluble utterances
(which struck us as having a childish
tone), we spliced the segments into loops
of continuous tape and ran the loops
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NORMAL SPEECH PICTURE, made by
sound spectrograph from a healthy man’s
pronunciation of the word “girls,” shows dis-
tinctive pattern associated with each letter.



through a sound analyzer. This device
divided the constituent frequencies of
the sound into bands either one octave
wide or half an octave wide. The
amount of energy in each band was
then plotted against frequency to ob-
tain a curve that represented a char-
acteristic sound pattern of the speech
being analyzed.

When human beings speak, most of
the sound energy they produce lies at fre-
quencies between 100 and 10,000 cycles
per second, the pattern of frequencies
varying with the age and sex of the
speaker and the words spoken. The
sound analyzer showed the speech of
our first patient to have a fundamental
focus of energy at 250 cycles per second
(close to middle C on the musical scale)
and a focus of resonance energy at 500
cycles per second—one octave higher.
After repeatedly detecting the same
distribution of frequencies in her voice
and the voices of patients who sounded
much the same, we dubbed this par-
ticular pattern the “sharp” voice. Later
we obtained an almost identical acoustic
pattern from the speech of a 10-year-
old boy, which supported our impres-
sion that the sharp voice has a childish
quality.

With our technique of sound analysis
we have also developed quantitative
definitions for such vocal stereotypes as
“flat,” “hollow” and “robust” [see illus-
trations at bottom of next two pages].
The flat voice—which can be equated
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ABNORMAL SPEECH PICTURE of the efforts of a stutterer to
was made by sound spectrograph. A weak
is followed by adequate vowel formants (resonance

say the word “girls”
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opening “g

energy rising in streaks) but the final “ls” is missing. A second

with the monotonous, low-pitched
delivery of patients in states of de-
pression—yielded a pattern of sound
energy spread quite evenly over a broad
band of the frequency spectrum. The
hollow voice—which is common to ex-
tremely retarded, inhibited or repressed
patients and victims of certain types
of brain disease—can be described as
an exaggerated kind of flat voice; it
has one prominent energy focus repre-
senting the fundamental tone of the
voice and has little resonance energy.
The robust voice—which is character-
istic of patients who speak in an ora-
torical, overly emphatic way, often with
some pomposity—yielded a striking pat-
tern of relatively large amounts of sound
energy concentrated at the center of
the frequency spectrum in a symmetri-
cal manner.

he use of acoustic methods to de-

scribe the overall quality of a pa-
tient’s voice suggested that one might
be able to use such methods to detect
the detailed variations that emotional
stress causes in the voice. Encouraging
support came from some work done by
Leonard Rubenstein of McGill Univer-
sity. He had asked experimental sub-
jects to hum a certain tone during the
day and then to hum what they thought
was the same tone at night. He found
that the frequency pattern of the
hummed tone changed regularly from
day to night, and that this diurnal
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fluctuation of the voice corresponded to
measurable biochemical changes.

We decided to set up an experiment
in which nonpatient volunteers would
be subjected to a stress and their voices
would then be recorded for comparison
with their normal speech patterns. The
stress was brought on by sudden ex-
posure to an extremely bad smell. Each
member of a group of subjects was
asked to come into a room, sit down in
front of a microphone and read “Joe
took father’s shoe bench out,” a test
sentence chosen for its variety of sounds.
After the sentence had been repeated
three times the subject was instructed
to pick up a glass of what appeared to
be water but in reality was a concen-
trated solution of ammonia. He was
told to take a deep breath from the glass
and repeat the test sentence into the
microphone. Members of a second group
of subjects were asked first to smell
the ammonia and later on to record their
normal voice; this was done to remove
the possible effects of the sequence of
procedures from the final results of the
experiment. When we examined the
half-octave-band analyses for the sub-
jects, we found that the voices recorded
after olfactory stress contained strikingly
less energy than normal voices in the
half-octave band centered at 500 cycles
per second.

Having determined that the testing
technique would work, we undertook
a similar study of a group of psychiatric
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start results in a sound resembling a “k.” After two more false
starts the word is completed. A spectrogram charts frequency in
kilocycles per second (vertical axis) against time in seconds (hori-
The author added an alphabetized transcription.
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RECORDING 1,000-CYCLES-PER-SECOND STEP-UP
PATIENT MICROPHONE TONE GENERATOR TRANSFORMER

METHOD OF ANALYZING SPEECH used by the author in his
earliest acoustic studies involved recording a patient’s speech,

patients. Because we did not want to
expose the patients to any kind of
additional stress we dispensed with the
bad-smell stimulus and compared the
sounds they produced before and after
psychiatric treatment. Each patient was
interviewed as soon as possible after
being admitted to the treatment ward in
an acute state of emotional disturbance.
During the interview, which was tape-
recorded, we asked the patient to read
aloud “Joe took father’s shoe bench
out.” After about three weeks of treat-
ment by the ward physicians the pa-
tients were again interviewed and asked
to repeat the test sentence.

The “reading voice” adopted by a pa-
tient uttering a test sentence does not
provide a sample of spontaneous speech.
To compensate for this we compiled two
other samples of a patient’s voice during
each recorded interview, one consisting
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SHARP VOICE of a boy (colored curve) and that of a woman
(black curve) are analyzed. Each has peaks a single octave apart.
Level of sound energy (vertical axis) was measured along half-
octave bands. Frequency (horizontal axis) is in cycles per second.

84

of high-pitched segments of sound and
the other of low-pitched segments. For
purposes of analysis we then considered
not the voice of a patient but his
voices: the high voice, the low voice
and the reading voice.

One man we studied in this way en-
tered the hospital in a state of severe
depression resulting from manic-depres-
sive psychosis; his voices were uniform-
ly flat. After a series of electroconvul-
sive treatments he spoke in such a way
that his high voice assumed a robust
pattern characteristic of exuberance and
overconfidence. His reading voice also
became more robust, but his low voice
retained the basically flat configuration
observed before treatment. Taking into
account only this acoustic evidence, we
surmised that the patient had undergone
a profound clinical change, tending out-
wardly toward aggressive, extroverted

60
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TAPE RECORDER

splicing samples of it into continuous loops of tape and playing
these loops backward through a tape recorder. A sound analyzer

behavior but inwardly toward a sense
of sadness reflecting the depression that
had necessitated his coming to the hos-
pital. This surmise was verified by the
physicians and nurses in the ward who
had been following the patient’s daily
course in detail.

Another case we studied was that of
a woman admitted for treatment of a
type of schizophrenia that involved
bizarre behavior and almost total social
withdrawal. Before she had been treated
her voice was audible but sounded
subdued, a condition we traced acous-
tically to a sharp low voice, a sharp
reading voice and a flat high voice.
After she had been treated with a
phenothiazine drug known to ease acute
schizophrenic reactions, there was a
greater difference between the voices,
indicating greater variability in her
behavior from moment to moment. Her

180 715
FREQUENCY (CYCLES PER SECOND)

2,860

FLAT VOICE, subjectively associated with monotonous speech,
is defined by acoustic analysis as a pattern of sound energy spread
quite evenly over the frequency spectrum with few resonance peaks.
Curves show the speech of a man (color) and a woman (black).

MASTER TAPE

11,40(
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40

SEGMENTS OF TAPE
MADE INTO LOOPS

LOOP ON TAPE RECORDER

would then indicate the level of sound pressure (energy) existing
within consecutive half-octave and octave bands on the frequency

SOUND

ANALYZER OBSERVER

spectrum. The needle of the sound analyzer was observed as it
fluctuated so that data for graphs could subsequently be compiled.

voices after treatment also showed an
increase in the amount of total energy
produced, suggesting that she had be-
come more assertive and outgoing.
There also appeared a tendency toward
the flat-voice or hollow-voice pattern,
implying that her feelings of depression
had increased or that the drug had
exerted some inhibiting effect on her
vocal behavior.

A third patient whose voices we
analyzed was a woman admitted to the
hospital in an acute state of agitation
and excitement diagnosed as a hypo-
chondriacal panic reaction. Both her
high voice and her reading voice
showed the robust pattern associated
with an overly dramatic manner, where-
as her low voice was flat, indicating de-
pression. When the patient’s voices were
analyzed after treatment, they had
become more alike; the robust high

45

180

715

2,860

voice had come down and the formerly
flat low voice was almost up to the
robust reading voice. The regime of
treatment in this case had consisted of
careful ward management coupled with
intensive group therapy and individual
psychotherapy. Once the patient’s at-
tention was diverted from her physical
condition she became a more controlled,
easygoing individual, although she was
still given to a theatrical manner, as
indicated by her predominantly robust
voice.

Since we had obtained identical test
sentences from all the patients before
and after treatment, it was possible for
us to say something about how they
changed as a group. We used the results
of acoustic analyses of the reading
voices to test for any statistically sig-
nificant associations with such clinical

SOUND ENERGY
(DECIBELS IN REFERENCE TO .0002 MICROBAR)

1.400 45

180

elements as diagnosis and form of treat-
ment. One association seemed readily
apparent: the use of electroconvulsive
treatment consistently led to increased
sound-energy levels over the entire
acoustic spectrum, particularly at 500
cycles per second.

The persistent way in which energy
changes centering at 500 cycles per
second showed up in our studies turned
out to have some biological significance.
It is a fundamental fact of auditory
perception that the human ear is most
sensitive to tonal stimuli above 500
cycles per second. Almost all sounds
calculated to arouse human beings—
whistles, cries, sirens, screams—contain
a large amount of sound energy above
500 cycles per second. On the other
hand, the fundamental tone of the
human voice, which is located at lower
frequency levels, is so dispensable in

715

2,860 11,400

FREQUENCY (CYCLES PER SECOND)

HOLLOW VOICE is a vocal category characterized by a single-
peaked curve. The peak indicates that only the fundamental tone
of the voice is carrying much sound energy. The level of energy,
or sound pressure, is in decibels in reference to .0002 microbar.

FREQUENCY (CYCLES PER SECOND)

ROBUST VOICE, commonly identified with oratorical speech,
makes use of more sound energy than other vocal categories. In
samples from a man (color) and woman (black) sound energy is
spread somewhat symmetrically over the frequency spectrum.
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HIGH VOICE
—==—= LOW VOICE
READING

DEPRESSED PATIENT studied by au-
thor changed speech pattern in hospital.
Before treatment his three voices seemed
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SOUND ENERGY (DECIBELS IN
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45

180 75 2,860
FREQUENCY (CYCLES PER SECOND)

11,400

flat (curves at left). After therapy his high and reading voices took
on a robust pattern, whereas his low voice remained flat (curves at
right), implying slight recovery. Curves are keyed to voice types.

180 75 2,860
FREQUENCY (CYCLES PER SECOND)

45

—— HIGH VOICE
—==—— LOW VOICE
READING

SCHIZOPHRENIC PATIENT sounded
subdued when admitted to hospital. Her
voices lacked energy and were uniform

SOUND ENERGY (DECIBELS IN
REFERENCE TO 0002 MICROBAR)
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71-5
FREQUENCY (CYCLES PER SECOND)

180

= HIGH VOICE
LOW VOICE
READING

FRIGHTENED PATIENT entered hos-
pital in a disorganized mental state. Her
panic was reflected in robust high and

1,400 45 180 75 2,860 11,400
FREQUENCY (CYCLES PER SECOND)

in pattern (curves at left). After treatment her voices acquired
energy and variety (curves at right). Persistence of flat and hollow
patterns, however, indicated that her vocal behavior was inhibited.

11,400

180 715 2,860
FREQUENCY (CYCLES PER SECOND)

11,460 45

reading voices; her feelings of depression were suggested by a flat
low voice (curves at left). After therapy her voices gained similari-
ty to each other (curves at right), implying better personal control.
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ordinary conversation that telephone
companies do not even bother to trans-
mit it. We advance the hypothesis that
speakers increase the amount of sound
they emit at higher frequencies when
they want to be listened to and reduce
their high-frequency output when they
prefer to be ignored.

We departed somewhat from our
main line of study to examine in detail
a human sound specifically designed to
attract attention: the crying of a baby.
Analysis showed that babies™ cries in-
variably have a fundamental tone lo-
cated around 500 cycles per second and
resonance bands appearing at 1,000,
2,000 and 4,000 cycles per second.
Nonetheless, the individuality that leads
mothers to use such diverse characteri-
zations as “lusty,” “strong,” “loud,”
“feeble,” “weak” or “whiny” in describ-
ing a given baby’s cry was not reflect-
ed by the half-octave-band method of
acoustic analysis. Eventually our interest
in such detail led us to abandon the
sound-analyzer method for a more so-
phisticated technique: sound spectrog-
raphy.

The sound spectrograph is a device
that analyzes sound into bands of fre-
quencies and converts it into electrical
impulses that, when they are recorded
on a special paper, provide a vivid pic-
ture of the particular sound under ob-
servation. Workers in acoustic phonetics
describe consonant sounds as “noise”
and vowel sounds as “formants”: discrete
bands of resonance energy that vary ac-
cording to the vowel being uttered. A
sound spectrogram—the picture made by
the spectrograph—presents vowel for-
mants as heavy, dark bands and con-
sonant noise as unevenly scattered gray
spots. Normal speech has characteristic
formant and noise features; it is there-
fore easy to detect abnormalities in the
speech of psychiatric patients by look-
ing at their sound spectrograms. The
spectrogram also makes it possible to
analyze speech disturbances in consid-
erable detail.

A disturbance that readily lends itself
+* to analysis by spectrogram is stutter-
ing. Regularly associated with other
behavior disturbances, this condition
occurs more frequently among males
than among females. The voice of a
young man who stuttered and was un-
der treatment for a distressing emotional
conflict was recorded by sound spectro-
graph as he attempted to pronounce the
word “girls” [see illustration on page
83]. He began with a weakly articulated
“g,” and although he enunciated the

« . »

following vowel and the consonant “r,
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Will you be Boo Sun’s sponsor?

Your contribution to Save the Children :
Federation, though tax-deductible, is not |
charity, It's used instead for self-help, |
Children, families, entire communities |
in Korea, Greece, Lebanon, Tanganyika, |
Colombia, Italy, and American Indians as :
well, are aided to stand on their feet |
through Save the Children self-help |
funds. As a sponsor, you or your group |
receive the story and photograph of the |
child you help to help himself, and the |
opportunity for person-to-person cor- |
respondence. E
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Boo Sun lives with 9 relatives in a one-room
hut in an impoverished South Korean village.

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

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

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

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

... Will you buy Boo Sun a cow?

Founded 1932
SAVE THE CHILDREN FEDERATION

Norwalk, Connecticut
I wish to contribute $150.00 annually to help a
( )girl ( yboyin—_ (countries
listed on left) or where the need is greatest ( ).

Enclosed is my first payment:
$12.50 a month ( ) $37.50 a quarter ( )
$75 semi-annually ( ) $150 annually ( }

| cannot sponsor a child:
enclosed is contribution of $
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SPECTROGRAM OF GLOSSOLALIA, or “talking in tongues,”
shows normal speech ended by a burst of noise at .8 second on the
horizontal axis. Ensuing is a series of rising formants with a reso-

he could not manage the terminal con-
sonant cluster “Is” to complete the word.
Instead the patient fell silent for about
three-tenths of a second and started
over again. He then made too forceful
an attack on the “g,” giving it more the
properties of “k.” Again the vowel fol-
lowed, but as before he could not com-
plete the word. He started twice more
without success. Only on the fifth try
was he able to produce the consonant
noise needed to complete the word.

A speech disorder more elusive and
difficult to record, and one that has
interested theologians as well as psy-
chiatrists, is glossolalia, or “talking in
tongues.” Victims of this disturbance
are quite capable of producing normal
speech, but in states of intense emo-
tional excitement they make peculiar

©
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SPECTROGRAMS OF ANIMAL-LIKE SOUNDS were made dur-
ing the outbursts of a disturbed boy. The sound depicted at left was
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and incomprehensible sounds. Spectro-
grams of the sounds show that they have
such properties of normal speech as
formants, noises and brief separations
due to the articulation of speechlike
fragments. The sounds are uttered, how-
ever, without the logical structure
necessary for intelligibility [see illustra-
tion above].

Schizophrenia is another disorder that
can be studied in detail by means of
the sound spectrograph, particularly
when that disorder renders the speech
of children and adolescents unintelligi-
ble for long periods of time. One schizo-
phrenic patient whose speech we ana-
lyzed spectrographically kept his mouth
open almost all the time he spoke, with
the result that his speech sounds were
devoid of distinctive features. There was

)
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nance pattern exceeding 8,000 cycles per second (vertical axis). A
break at 1.3 seconds is followed by a drop in pitch and some short
bursts with formants and noise resembling true speech sounds.

almost no acoustic output above 1,000
cycles per second, his vowels lacked
formant structure and his consonants
produced little noise in the high-fre-
quency part of the spectrum. Such a
defect cannot be explained simply on
the basis of inability to reproduce the
required phonetic properties of speech.
As we observed the patient during
various emotional states it beecame ap-
parent that he could in fact vocalize
energetically, but in doing so he often
made sounds that completely lost the
character of human speech and turned
into something more reminiscent of the
screeches, rasps, squawks or growls
made by animals [see illustration below].

Part of the problem that emotionally
ill patients have is that they cannot
perceive the effects of their own be-
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described by the author as a rasp; the one in center, as a froglike
squeak-squawk ; the one at right, as a growl sounding like “aw-er.”



havior—including their speech—as well
as healthy people perceive the effects
of what they do and say. The emotion-
ally sick person often has a long-stand-
ing sense of inferiority; his painful feel-
ings of shame or guilt tend to isolate
him from other people or cause him to
deal with them as though they did not
exist. As a result he gets little or no
self-corrective feedback from the social
environment and his behavior becomes
increasingly bizarre, leading to the diag-
nosis of mental illness. For dealing with
such emotionally sick people the new
techniques of acoustic analysis can be
combined with clinical and experimen-
tal methods to study behavior. John
A. Starkweather and William A. Har-
greaves of the Langley Porter Neuro-
psychiatric Institute in San Francisco
have developed an ingenious way of
studying voice changes during psycho-
therapeutic interviews. Using a digital
computer they correlate the sounds
made by the patient with variations in
his mood from moment to moment.

]n the summer of 1963 I witnessed a
- particularly imaginative combination
of acoustic analysis and personal inter-
action in the treatment of a withdrawn,
schizophrenic boy of eight. The treat-
ment was undertaken by Mary O’Keeffe,
a student at the University of Califor-
nia School of Medicine who was working
on a summer research fellowship. As a
psychiatrist at the School of Medicine
I served as her consultant.

Miss O’Keeffe’s patient was restless
and frequently unmanageable. He
would dart about the room or freeze
into an immobile posture for no appar-
ent reason. He grimaced and moved his
hands in a strangely stereotyped man-
ner. Often his speech seemed akin to
the babblings and mouthings of babies.
There were other times when the boy
produced recognizable fragments of
words and sentences, disconnected and
without grammatical order but reveal-
ing an unusually large vocabulary.
Much of this vocabulary consisted of
words he had heard but could not use
for meaningful communication. Miss
O’Keeffe spent many hours observing the
boy in the ward and in the playground.
She also tried to speak with him, and
she tape-recorded these sessions when-
ever possible.

Analysis of the tape recordings re-
vealed that the content of the patient’s
speech fell into three distinct categories.
The first category—message content—
consisted of words and phrases that
seemed relevant to the situation con-
fronting the patient and conveyed in-

formation in a semantic sense, such as
“I want to go out.” The second cate-
gory—slogan content—included words
from songs, rhymes, television advertise-
ments and other incidental verbal mate-
rial that the patient would memorize
and compulsively repeat. Slogan content
seemed related to his internal problems,
fears and concerns and never to the
actual situation in which he found him-
self. The third category—nonsense con-
tent—contained sounds in which it was
impossible to discern any words what-
soever, and it also included pseudo-
words superficially resembling speech.
When the patient’s acoustic produc-
tions were separated in terms of content,
the vocal characteristics of these pro-

ductions were studied and three dif-
ferent voice types became distinguish-
able. In addition to the “normal” voice
characteristic of a healthy child there
was a “screech” of high, unvarying fre-
quency and much noise, and a “chant”
containing gliding sounds and imparting
a singsong effect. An attempt to relate
these three different voice types to the
differences in speech content indicated
that the screech almost exclusively ac-
companied message content [see illus-
tration on page 91]. That is, at moments
when the patient sounded most agi-
tated, he produced meaningful state-
ments almost exclusively. Miss O’Keeffe
and I concluded that the patient re-
served his verbally meaningful speech
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SPECTROGRAM OF INTELLIGIBLE SPEECH makes the vowel formants readily appar-
ent as resonance energy bands rising throughout the frequency spectrum (vertical axis).
The spectrogram also depicts a clearly articulated stop consonant (the “t” of the word “it”).
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SPECTROGRAM OF UNCLEAR SPEECH represents the attempt of a schizophrenic boy to
say “I’d rather have it long.” The spectrogram lacks distinctive vowel formants, precise con-
sonants and significant output in the part of the spectrum above 1,700 cycles per second.
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How can we spot

the creative, responsible,

non-conformist at this

stage of the game?

A lot of people have heard of Xerox...in financial and business
publications, on television, in general magazines and news-
papers. Engineers and scientists have seen and used our
equipment in their offices and laboratories.

One result of all this is that we get a lot of mail. Including
resumes. More than 10,000 last year.

We read them avidly because we need many more of the kinds
of people whose technical contributions have made the growth
of Xerox possible. But it isn’'t easy. Especially when we're
expanding the professional staff in many directions at once.

The thing to remember is that precious little of our technical
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Send us a creative,
responsible,
non-conformist
resume.

work is routine. Neither can we survive and continue to pros-
per if we add routine people to our technical staffs. So please,
if we're going to be expected to spot you at the resume stage
of the game, be yourself. If you're a bug on detail, tell us about
it. If you can gather in all the elements of a development
project and see it responsibly through to fruition, relate how
you handled your last assignment. If you're committed to
pursuing a very special research subject and you doubt that
Xerox would be interested, don't hide it. You may be pleas-
antly surprised.

Never forget that creative, responsible, non-conformists are
very important to Xerox.We don't try to hide it. Why should you?

XEROX

An Equal Opportunity Employer
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SCREECH

CONTENT AND STYLE of a patient’s speech are correlated in this
chart. The entire verbal output of a schizophrenic boy was divided into

three categories with meaningful statements called “message,”

” adver-

tisements and other set expressions classed as “slogan,” and meaning-
less statements called “nonsense.” The child’s vocal styles were then

I vonsense

B sooan

MESSAGE

for times when he indicated, by screech-
ing, the urgency of being heard.

Had it happened that people had
paid no attention to him when he spoke
more normally? Such a question can
only be answered by studying the de-
velopmental background and behavior
pattern of a patient through extensive
interviews and direct observation. From
an acoustic study we were able to learn
that while using his normal voice the
patient spent as much time emitting
nonsense or slogans as he spent produc-
ing message content. This almost “fifty-
fifty” split between meaningful and
meaningless speech in his normal voice
represented a characteristically ambiv-
alent quality in his behavior. Whenever
the patient spoke in a normal voice, he
in effect both gave the listener infor-
mation and took it away. Furthermore,
he spent as much time chanting as he
did using his normal voice, and the
chanting was almost completely devoid
of message content.

he behavior of schizophrenic chil-
dren can be explained in terms of a
number of unfavorable factors—some

divided into three predominant types: a screech, a chant and a normal
voice characteristic of healthy boys his age. By this technique it was
shown that the boy spoke his most meaningful statements in the
voice of high frequency that expressed the greatest desire to be heard.

genetic, some physiological and some
environmental—combining to interfere
with the child’s ability to learn language
and to use speech for social communica-
tion. We have studied patients who
could not produce the distinctive fea-
tures of vowels and consonants. From
such studies of people with brain
damage as have been conducted by the
Soviet neurologist A. R. Luria it seems
likely that the information needed for
normal speech is stored in the temporal
zone of the cerebral cortex. If a patient
who has suffered brain damage cannot
recall or reproduce the distinctive fea-
tures of the speech sounds, his utter-
ances remain incomprehensible to oth-
ers. Something much like this seems
to happen in certain schizophrenic pa-
tients. We have reason to believe that
further application of acoustic tech-

niques to clinical phenomena in psy- |

chiatry will make possible precise
descriptions of the communication
disturbances associated with mental
illnesses. One hopes that the information
gathered by acoustic techniques will
also provide new leads to effective
treatment.
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EXPLORATORY DEVELOPMENT
ENGINEERS

To work on new commercial products
of a precise electro-optical-mechanical
nature. Broad range of activities in-
volving analytical and experimental
feasibility studies to support advanced
engineering concepts as well as devel-
opment work through refined engineer-
ing model stages. BS or MS degree
required in ME, EE or Engineering
Physics disciplines with 3 to 10 years’
experience in creative design and de-
velopment in information handling
equipment systems, displays, com-
munications, photographic systems,
business and office machines, and
paper handling systems.

ENGINEERING LEADER

To insure that a communications net-
work is provided for an LDX xerograph-
ic facsimile system which has the re-
quired characteristics for efficient and
economical transmission, and which is
integrated into the total customer sys-
tem as much as possible. Requires
BSEE in communications and strong
background with major telephone/
communications supplier or user. Ap-
plicants should have 2 years’ wide-
band and voice and installation or
systems experience, plus 2-3 years
supervisory experience.

SENIOR ENGINEER

To make major contributions to the
conception and development of ex-
ploratory xerographic devices. BS in
EE or Engineering Physics (MS pre-
ferred) with proven ability in the de-
velopment of control systems for
highly automated machinery. Must
have strong interest in the physics of
electricity and light.

ENGINEER

Design and checkout of experimental
xerographic facsimile equipment in-
corporating solid-state electronic cir-
cuits. Experience in electronic circuit
design, particularly in the areas of
solid-state logic and communications.

ENGINEER

Electrical engineering responsibility in
support of continuing efforts on estab-
lished products. This involves both de-
sign capabilities and laboratory back-
ground and experience. Approximately
3 years’ experience beyond BSEE level
and working with electromechanical
devices. Effort in both design and lab-
oratory personnel direction in test and
evaluation effort is desirable.

For preceding positions, please send
your resume, including salary history,
in confidence to Mr. Robert E. Conboy,
Department SA-3, Xerox Corporation,
P.O. Box 1540, Rochester, N. Y. 14603.

XEROX

An Equal Opportunity Employer
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DE FOREST POSED with his wireless telephone set in 1907 or arc transmitter. The low cabinet at right is the receiver. Two
1908. The large cabinet on which his hand rests houses the carbon- tubes, apparently early grid-triodes, are visible under wire guards.
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De Forest and the Triode Detector

He invented the three-electrode vacuum tube without understanding

how it worked. His grid-triode was no great success as a detector,

but it did eventually make modern radio and electronics possible

he history of inventions is almost
I always clouded by claims and
counterclaims and embellished
with legend; often the inventor him-
self is a major contributor to the con-
fusion. So it is in the case of the therm-
ionic triode, which Lee De Forest
invented in 1906 as a detector of
wireless-telegraph signals. The triode, a
three-electrode vacuum tube, was a
truly seminal creation. As a detector,
amplifier and oscillator it became the
foundation of modern radio, and with
its derivatives it dominated electronic
technology for 50 years.

Most of what has been known about
the invention of the triode comes from
De Forest himself. Until his death in
1961 he told and retold stories about his
invention, but in his speeches and writ-
ings De Forest was more a poet than
an engineer or a scientist; there is often
only a superficial relation between his
recollections and the actual sequence of
events. Only by interpreting De Forest’s
lively accounts in the light of indepen-
dent evidence can one hope to con-
struct a realistic description of his ex-
periences in the early days of radio and
of his processes of technological crea-
tion. Those processes turn out to have
involved much imitation and self-de-
ception, along with large measures of
ingenuity, persistence and good luck.

Lee De Forest was born in 1873 in
Council Bluffs, Iowa, and grew up in
Talladega, Ala., where his father was
the principal of a school for Negroes.
Before he was 16 the boy had gone on
record as intending to be an inventor,
and his pursuit of that ambition was fa-
cilitated by a remarkable circumstance:
a wealthy ancestor had endowed a
scholarship at Yale University for young
men named De Forest. Lee received
his bachelor’s degree from Yale’s Shef-
field Scientific School in 1896, and in

by Robert A. Chipman

spite of an undistinguished undergradu-
ate record he went on to a Ph.D. in
1899. His dissertation was on the reflec-
tion of Hertzian, or electromagnetic,
waves traveling on wire transmission
lines—possibly the first Ph.D. thesis in
the U.S. on a topic closely related to
wireless telegraphy.

His determination to achieve fame as
an inventor was undaunted by his failure
to sell any of the many “inventions” (in-
cluding games and bicycle gears, but no
wireless equipment) he conceived while
at Yale. “I aim at Tesla,” he wrote in his
diary in 1896. And to the question (in a
college questionnaire) “If you weren’t
yourself, who would you prefer to ber”
he answered, “Tesla.” Nikola Tesla, the
brilliant but erratic worker in alter-
nating-current technology who had in-
vented the induction motor, refused him
summer employment in 1897. Whether
for that reason or not, De Forest shifted
his sights; he wrote in his autobiogra-
phy: “From the first I had the one aim
in view, to make my name at least rank
with that of Marconi.” (Later, on the
occasion of his being awarded the Edi-
son Medal of the American Institute of
Electrical Engineers in 1946, De Forest
showed further flexibility: “From early
boyhood, Thomas A. Edison was my
ideal, my living inspiration, my idol.”)

It was Guglielmo Marconi, at any rate,

whom the young man chose to chal-
lenge. Emerging from Yale at the age of
26, De Forest took a job with the West-
ern Electric Company in Chicago. He
was not, however, enthusiastic about
selling his services to any employer.
Quick fame and riches were his goal, in-
vention his chosen road; soon he de-
cided that wireless telegraphy would be
his vehicle. The young Italian engineer
Marconi was then moving from success
to success, attended by worldwide pub-
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licity on an unprecedented scale. From
wireless transmission across the nine-
mile Bristol Channel in England in
1897 Marconi had progressed to 20-
mile communication while reporting a
regatta in the Irish Sea in 1898; he con-
quered the 33-mile English Channel in
1899, linked two British warships across
75 miles of open water in 1900 and in
early 1901 established communication
over a 200-mile path in southern En-
gland. At the end of that year he cli-
maxed his work by receiving a signal
transmitted across the Atlantic Ocean.

Inventors in those days seldom issued
patent licenses to competitors on a roy-
alty basis; De Forest knew that he could
challenge Marconi in the wireless-tele-
graph business only by owning the
rights to a transmitter-receiver “system”
sufficiently different from Marconi’s to
be reasonably safe from lawsuits for pat-
ent infringement. Marconi’s transmitter
was based on the induction coil and the
spark gap, with which Heinrich Hertz
had produced electromagnetic waves
in his pioneering experiments of 1886.
Marconi’s receiver was based on the
fact, discovered by the French physicist
Edouard Branly in 1890, that an elec-
tric spark has the power to change the
resistance of loose aggregations of me-
tallic powders at a distance. Marconi’s
“coherer” was a tube containing nickel
and silver filings; placed in series with
a battery, it allowed a current to pass
whenever an electromagnetic wave
emitted by the transmitter arrived [see
top illustration on page 95]. To both the
transmitter and the receiver Marconi
added a vital contribution: good elec-
trical connections to the ground and
long, high wires as antennas.

Reviewing his studies of Hertzian
waves at Yale, where he had worked
with similar apparatus, De Forest de-
cided to start by finding a substitute
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INDUCTION COIL

EARLY MARCONI APPARATUS is diagrammed. At the trans-
mitter (left) trains of sparks generated by the induction coil set up
electrical oscillations in the antenna, which is held aloft by a kite.
The resulting electromagnetic waves excite high-frequency oscilla-

for Marconi’s coherer as a detector. (He
was not alone: the magazine Electrical
World carried 28 news items on various
versions of the coherer in 1900.) The
coherer was insensitive; it was sluggish,
permitting code transmission at less
than half the speed of wire transmis-
sion lines, and it required extensive aux-
iliary apparatus. Morever, since it was
inherently an on-off device, it could
never be adapted to wireless telephony,
which was already being contemplated.
Detector research had the virtue of
being inexpensive and requiring little
space—no small advantages to a would-
be inventor working during off-hours in
his bedroom while earning $10 a week
at a full-time job.

Searching the technical journals for
some new detector principle, De Forest
learned that three different German ex-
perimenters had described new detec-
tors in which a telephone receiver was
connected in series with a battery and
with two metal electrodes separated by
a thin layer of a conducting liquid such
as water; the operation of a spark coil
nearby produced a scratchy sound in
the receiver. With financial and techni-
cal help from a fellow employee, Edwin
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H. Smythe, De Forest experimented
with such arrangements for nearly a
year. On September 1, 1900, he and
Smythe applied for a patent on what he
called a “Responder”: a sandwich of
two flat metal strips separated by a thin
layer of liquid or of liquid-soaked por-
ous material. The device was obviously
simple and quick-acting, and there is
no reason to doubt that it could detect
wireless waves. Nevertheless, it was
probably very insensitive; there is no
trace of evidence that it was ever put to
use in a communication system.

De Forest and Smythe next came on

a report (perhaps in an article in
Electrical World for May 18, 1901) of a
paper presented to the French Academy
of Sciences describing a “loud-speaking
radio-phone,” a detector capable of han-
dling such strong signals that the dot-
dash buzzing of a telephone was audi-
ble throughout a large room. The device
resembled a Marconi coherer but the
dry metal filings were replaced by a
pasty mixture of silver filings and a
powdered insulator such as sulfur in
glycerine. Like the sandwich device, the
French detector was actually an “anti-
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tions in the receiving antenna (right) ; these signals cause the co-
herer to operate the relay, closing the circuit of the local battery
and the code printer. The two “choke coils” in the receiver
serve to isolate the antenna circuit from the relay and printer.

coherer”: its resistance increased instead
of decreasing in the presence of electric
waves. After brief experimentation De
Forest and Smythe applied in 1901 for
a patent covering essentially the same
device. Since De Forest applied the
name “Responder” indiscriminately to
this detector as well as to his first in-
vention and even to similar inventions
made later by other people, it is hard to
tell from his writings how effective the
various designs were. Apparently, how-
ever, the 1901 “goo” detector did work,
if only sporadically.

Whatever its deficiencies, it was the
beginning of a “system,” and any system
was better than none. The Western
Electrician for July 27, 1901, carried an
article announcing “A New System of
Space Telegraphy.” The transmitter was
a distinctly new type invented by
Clarence Freeman, a professor at the
Armour Institute; it produced a high
voltage when a number of condensers
that had been charged in parallel were
suddenly switched into series connec-
tion. The receiver was the new Re-
sponder. The maximum transmission
distance was reported as four miles. In
his autobiography De Forest character-



istically referred to “this first attempt
on the Great Lakes, indeed in all Amer-
ica, to send dots and dashes by wire-
less”—knowing full well that Marconi
had demonstrated wireless over 35 miles
to the U.S. Navy in New York in 1899
and that the US. Army Signal Corps
and the Weather Bureau were commu-
nicating regularly over like distances!

In less than three months there came
an opportunity to test the system in di-
rect competition with Marconi, who had
contracted with the Associated Press
to provide ship-to-shore reporting of
the America’s Cup races. De Forest
made a deal to provide the same ser-
vice for a rival news agency, the Pub-
lishers” Press. Fortunately for posterity
the Navy detailed a lieutenant to check
on the operation of the two systems;
Electrical World’s account of the con-
frontation, apparently largely derived
from his report, differs considerably
from De Forest’s later recollections.

Not having anticipated competition,
Marconi had brought only his simplest
equipment, with none of the elements
he had recently developed to provide
selective tuning of the receiver. Since
De Forest’s apparatus also lacked selec-
tivity, both receiving stations responded
equally well to both transmitters; when
the transmitters were sending simul-
taneously, the signals received were un-
intelligible. When the De Forest and
Marconi operators realized what was
happening, they agreed to transmit al-
ternately for five-minute intervals. That
worked for a short time, until suddenly
a third transmitter came on the air and
created interference that prevented all
further reporting of the races. De Forest
never mentioned the intruder in his ac-
counts of the event; he was probably
unwilling to admit that anyone else in
the U.S. knew enough about wireless
telegraphy at the time to have at-
tempted the feat. The third telegrapher
later identified himself as G. P. Gehring,
president of the American Wireless
Telephone and Telegraph Company.
His claims to have reported the races
successfully were shown to be fictional,
but the following year a subsidiary of
his company did inaugurate the first
daily wireless service in the U.S., be-
tween Catalina Island and the Califor-
nia mainland.

For his venture at the races De Forest

had formed a small company with
Freeman, Smythe and a former Yaie
classmate who provided most of the
money. The idea of sharing with others
his glory as an inventor, however, was
intolerable to De Forest. During the

SILVER AND NICKEL FILINGS

COHERER, as modified by Marconi, is here enlarged to twice its actual size. It detected
signals because current flowed through the filings only when their resistance was lowered by
aradio-frequency wave. The fragile glass vessel was lashed to a bone holder for convenience.
An electric-bell mechanism vibrated the coherer to restore its sensitivity after each pulse.

races he had tossed Freeman’s transmit-
ter overboard (perhaps justifiably), and
in the midst of his collaboration with
Smythe on the Responder he had writ-
ten in his diary: “Not for Smythe did I
toil six years at Yale.” Early in 1902 he
interested a Wall Street promoter named
Abraham White in financing his opera-
tions on a wider scale. De Forest be-
came vice-president, scientific director
and one-third owner of a new company

ANTENNA

capitalized at several million dollars,
and his old associates were eased out.
The company announced that it would
construct coastal stations for communi-
cation with ships and inland stations
to compete with Western Union and
Postal Telegraph. Its tangible assets
were the patents on the doubtful Re-
sponder and a record of wireless com-
munication over seven miles at the
races. Meanwhile Marconi had trans-

@) GALVANOMETER
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SILVER-COATED PLATINUM WIRE

ELECTROLYTIC DETECTOR patented by Reginald A. Fessenden in 1903 was a rectifier,
although its mode of operation was not then understood. Electrochemical action converted
high-frequency oscillations from the antenna into direct current that registered on the meter.
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DIODE PRINCIPLE is shown schematically. The heated filament emits electrons (colored
dots). The plate is connected to a source of alternating voltage. When that voltage acts in
one direction, the plate is negative and the electrons are repelled (left). When the alternat-
ing voltage changes polarity, the plate is positive, electrons go to the plate and a current
flows (right). An alternating-voltage input therefore can yield a direct-current output.

mitted thousands of words from En-
gland to a ship 1,200 miles at sea. Elec-
trical World commented: “We continue
to be regaled with newspaper accounts
of experiments that are inferior to what
Marconi achieved three years ago.”

For the next five years De Forest en-
joyed a great deal of publicity, far more
than any other American engaged in
wireless telegraphy. Yet his technical
contributions during that period were
minute and his commercial success was
nil. His company did build more than
100 wireless stations in the East and
Middle West, but they were primarily
for the purpose of stock promotion; as
Scientific American put it in 1907, they
seemed to serve only to “educate the
masses” and not to send messages. De
Forest did obtain more than 25 patents
during the period but not one proved
to have contemporary commercial value.
It is doubtful that any of the devices
he patented were put to use in the com-
pany’s stations.

The detector remained De Forest’s
big problem. The Responder could not
be counted on even for a successful
promotional demonstration; when De
Forest exhibited his system to the Sig-
nal Corps in 1902, his detector was a
sensitive anticoherer invented by an
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Italian naval officer and used by Mar-
coni in his first transatlantic reception. In
1903 De Forest began installing in his
company’s stations an electrolytic de-
tector similar to the one just patented
by his American arch-rival Reginald A.
Fessenden [see bottom illustration on
preceding page]. Since the detector em-
ployed metal electrodes and a conduct-
ing liquid he referred to it as “our new
Responder” until court injunctions and

fines stopped him in 1905.

\V/Tithout title to any adequate detec-
tor, the company dared not operate
its stations commercially for fear of fur-
ther punitive court action. His partners
blamed De Forest and forced him out
of the company. Again without funds
and thrown back on his own resources,
De Forest decided that a new and more
brilliant future lay in wireless telephony
rather than telegraphy. The Danish in-
ventor Valdemar Poulsen was already
successfully transmitting voice signals
by wireless, generating with his patent-
ed electric arc the continuous oscilla-
tions required for telephony. De Forest
modified the transmitter slightly, but he
still needed a noninfringing detector.
He found the detector clue he needed
in a two-electrode vacuum tube for
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which John Ambrose Fleming, a profes-
sor at the University of London and a
consultant to Marconi, had received
British and U.S. patents in the fall of
1905. The principle on which Fleming’s
invention was based had been discov-
ered, but not utilized, by Edison about
20 years earlier. Edison noticed that if
he placed an extra metal-plate electrode
near the filament inside an incandescent
lamp, connected to the positive side of
the filament, an electric current flowed
across the space between filament and
electrode. No such current flowed if
the plate was connected to the negative
side of the filament. The explanation,
provided by the British physicist O. W.
Richardson in 1903, was that negative
electrons were being emitted by the
heated filament and were attracted only
to a positive electrode. Fleming, who
had been a consultant to Edison’s British
firm and had published papers on the
“Edison effect,” was the first person
to understand clearly that wireless sig-
nals could be detected by this “rec-
tification.” In 1904 he saw that his
Edison-effect lamps could rectify sig-
nals by acting as “valves.”

A dot or dash from any of the spark
transmitters consisted of a sequence of
damped high-frequency oscillations [see
“a” in illustration on pages 98 and 99].
No indicating meter or telephone re-
ceiver could follow the rapid positive-
to-negative reversals of the signal os-
cillations; nor could they respond to
an average value, because the average
value was zero. If, however, a distor-
tion could be created by rectification
so that responses to the portions of the
oscillation patterns above and below
the base line were not identical, then
the average would no longer be zero.
The lightly constrained current meter
would accumulate impulses from suc-
cessive trains of waves, being deflected
more for a dash than for a dot; the dia-
phragm in the telephone receiver would
vibrate once for each wave train, giv-
ing a long buzz for a dash and a short
one for a dot. Fleming’s valve produced
a distorted response by “unilateral con-
duction,” passing a current only during
the positive portions of each incoming
wave [see “D” in illustration on pages
98 and 99].

The Fleming valve was manufactured
in small quantities beginning in 1905
and installed in many Marconi wireless
stations during the next seven or eight
years. As a detector it played an unim-
portant role in wireless communications,
but it was certainly the first radio vac-
uum tube and it was of prime impor-
tance as an antecedent to the triode. As



he read about Fleming’s new detector
De Forest immediately saw two ways in
which its circuit differed from the one
he had been using with other types of
detectors. It had a galvanometer instead
of a telephone receiver as an indicator
and it had no battery in the indicator
circuit. De Forest applied in January,
1906, for a patent covering these modi-
fications and some other changes and in
May for a patent on the telephone and
battery only [see bottom illustration at
right]; the patents were granted in June
and November respectively.

Today De Forest’s circuit would be
classified as a “forward-biased therm-
ionic diode rectifier”—“forward-biased”
because the extra battery maintains a
positive voltage on the plate electrode,
“thermionic” because electrons are
emitted from the filament electrode by
heat, “diode” because there are two
electrodes. On October 26, 1906, De
Forest delivered a long paper to the
New York section of the American In-
stitute of Electrical Engineers in which
he advanced for the first time the two
broad claims about his diode that he
was to reiterate for half a century as
part of his legend of the invention of the
triode. Both claims are technically un-
justifiable; taken literally, they would be
evidence of a scientific naiveté remark-
able in an active inventor only seven
years away from a Ph.D. in physics. It
is more charitable to assume that the
claims and their supporting narrative
were developed as defenses against a
potential suit for infringement of the
Fleming patent. (The suit did come,
nine years later, and was won by Marco-
ni, who owned the patent.) Whatever its
purpose, De Forest’s oft-told tale must
be reckoned with if one is to under-
stand the reasoning and the experimen-
tation that led to the triode.

De Forest contended first of all that
his invention of the forward-biased
diode did not stem from his knowledge
of the Fleming valve but was a logical
outcome of work he had begun in 1900.
In that year he had seen the light of a
gas lamp momentarily dimmed by the
sparking of a nearby induction coil. He
soon found that the dimming was
caused by sound waves from the sparks,
not by electric waves, but “there yet re-
mained the firm conviction that in the
heated gases surrounding incandescent
electrodes there must nevertheless exist
a response, in some electrical form, to
high-frequency electrical oscillations.”
(De Forest had not mentioned this “con-
viction” in reporting the gas-lamp ob-
servation in Electrical World in 1902.)

n
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FLEMING VALVE, or thermionic diode, is shown as illustrated in the patent of 1905. Elec-
trons emitted by the filament (b) moved to the cylindrical plate (c¢) when the plate was
positively charged by the signal from the antenna (n). The indicator was a meter (1).

-

DE FOREST’S DIODE of 1906 had a telephone receiver for an indicator and added a bat-
tery (H) to the plate circuit. The battery served to maintain a positive “bias” on the plate.
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He had followed up the idea by devel-
oping detectors in which the ends of
platinum wires were placed in the flame
of a Bunsen burner. The recurring
theme in the patent applications for
these devices in 1905 and 1906 was that
the wireless signal oscillations were be-
ing applied to “a gas maintained in a
state of molecular and ionic activity,”
“a sensitive gaseous conducting medi-
um” or “a heated gas.”

De Forest made the transition from
gas flame to thermionic diode in these
words: “Inasmuch as the gases ionize
more readily at lower heats and are in
their most mobile, delicate and sensitive
conditions in vacuum, it seemed to me
certain after experiments with the flame
that the attenuated and ionized gases
around an incandescent filament would

undergo very considerable changes
when subjected to hertzian oscillations.”
This is somewhat lyrical but it is illogi-
cal and technically meaningless. It epito-
mizes De Forest’s lifelong aversion to
the precision of technical language. His
staunch loyalty to the mystical idea of a
“sensitive gaseous conducting medium”
kept him from appreciating the funda-
mental electronic basis of the therm-
ionic diode and triode until long after
it was generally accepted.

In his second claim De Forest in-
sisted that the addition of a battery
in the plate circuit, with the positive
terminal to the plate, converted the
detector to a mode of operation totally
different from the rectifying action of
the Fleming valve. It was now, he said,
“a so-called ‘trigger’ or genuine relay.”
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He had in mind the old coherer, which
was in fact such a device: the low-
power wireless signal “triggered” a
change in the resistance of the metal
filings and the local battery then sup-
plied a much larger power to the in-
dicator circuit.

It does seem plausible, as one looks
at De Forest’s patent drawing, that the
antenna-to-ground wireless signal across
the diode might change conditions in-
side the bulb and so trigger a sizable
current from the battery through the
diode and the telephone. Analysis makes
it clear that this does not happen, and
that the device is purely a rectifier. The
battery does no more than maintain a
bias voltage on the plate, shifting the
diode’s action from rectification by uni-
lateral conduction to rectification by

| U
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PLATE VOLTAGE—>

RECTIFICATION changes an oscillating high-frequency signal
into a detectable direct-current signal. In wireless telegraphy the
signal from the antenna is in the form of sequences of damped os-
cillations (a). The detection process is shown graphically in the
lower diagrams; the “characteristic curve” shows how input volt-
age is related to magnitude of output current. In the Fleming valve
only the positive half of each wave applied to the plate produces
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an output current, which is then “averaged” by the mechanical
inertia of the diaphragm or meter needle (b). In De Forest’s diode
a “forward bias voltage” keeps the plate always positive; the asym-
metric relation hetween input voltage and output current distorts
the output to yield a detectable averaged signal (c). In the triode
detector the signal is impressed not on the plate but on a grid of
closely spaced wires placed near the filament, between it and the
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“curvature of the characteristic.” The
response to the positive portions of the
signal is greater than with zero bias
but is partly offset by a reverse response
to the negative portions [see “c” in il-
lustration on these two pages].

The fact is that a thermionic diode
generally detects small signals best
when it has no bias or even a small
negative bias; Fleming had chosen the
latter condition by connecting his plate
electrode to the negative side of the
filament. (Crystal or electrolytic de-
tectors, which also work by rectifying,
do often perform best with positive
bias.) Moreover, in all simple rectify-
ing detectors, whether they are supplied
with forward or reverse bias or with no
bias at all, all of the signal power that
reaches the telephone or other indicator

GRID VOLTAGE —>

plate. If the grid is properly designed and
located, the plate current is more responsive
to signals on the grid than it would be to
signals on the plate:
curve is steeper. For this and other reasons
(see illustration on next page) output pow-

the characteristic

er can be greater than input power (d).

comes from the input signal at the
antenna.

The forward-biased thermionic diode,
then, had no practical value; it was never
put to commercial use. It was of his-
torical significance, however; in spite
of the fallaciousness of De Forest’s rea-
soning it seems clear that he was indeed
pursuing the elusive “trigger action”
when he created the triode late in 1906.
He said later that he was also trying to
overcome an apparent weakness of the
diode circuit: a portion of the wireless
signal from the antenna was able “to
pass to earth through the telephone and
battery circuit instead of concentrating
...upon the ions between the plate and
filament.” Again the idea seems to make
sense, but De Forest had described in
his very first patent application how the
detector could be isolated from the bat-
tery circuit by small choke coils as in
Marconi’s early receiver [see top illus-
tration on page 94].

Driven by wishful thinking and the

urge to solve a nonexistent problem,
De Forest experimented with a number
of different electrode configurations
that would allow the wireless signals
to “trigger” the “sensitive gaseous con-
ducting medium” and would also keep
them out of the telephone-battery cir-
cuit. He applied for patents on a variety
of such designs during 1905 and 1906.
All of them were “triodes”: they each
had a third electrode of some kind, to
which the incoming signal was connect-
ed instead of being connected to the
plate. All these models were highly inef-
ficient, although they may have detected
very strong signals. Finally De Forest
decided he got the best results with
an extra electrode in the form of an
open grid of fine wire located between
the filament and the plate. He filed a
patent application for this grid-triode
detector in January, 1907, and received
his patent in 1908. The input was con-
nected to the grid and the telephone
receiver was actuated by variations of
the current in the plate circuit [see il-
lustration on next page].

De Forest’s legend of the triode in-
sists that each step in his experiments
brought a marked improvement and
that he immediately found the grid-
triode to be the most sensitive device
of all. The fact is that all the versions
except the final grid-triode must have
been extremely poor detectors. The im-
pression, implicit in popular accounts
and nurtured by De Forest, that the
grid-triode was immediately recognized
as a miraculous achievement is also con-
tradicted by a number of facts. In 1908
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one of De Forest’s assistants wrote in
a Modern Electronics article that “the
audion [a name De Forest applied in-
discriminately to all his diodes and
triodes] in its present form is quite
unreliable and entirely too complex to
be properly handled by the usual wire-
less operator.” In 1910 tests at the
National Bureau of Standards gave a
somewhat more favorable verdict: the
triode was declared to be about 50
percent more sensitive than the elec-
trolytic detector, with the crystal rec-
tifier and other detector types only
slightly behind. In practical communi-
cations a superiority of 50 percent is
barely perceptible, but De Forest found
the result pleasing enough to proclaim
it in his advertising years later.

Modern measurements on some of
the early triodes show that as detectors
they were not much better than diode
rectifiers. If De Forest had ever experi-
mented with variations in the size,
shape and spacing of the electrodes,
he could have achieved great improve-
ments in performance, but he seems to
have considered the 1906 audion essen-
tially a completed invention, and he
made no contribution to the important
changes in its design that eventually
occurred. As late as 1916, when a
would-be competitor marketed a triode
of radically different but incredibly in-
efficient geometry, De Forest’s uncriti-
cal response was to manufacture a du-
plicate of the inferior device, even
though Western Electric and the Gen-
eral Electric Company had by that
time developed greatly improved tubes
based on better understanding of funda-
mental design principles.

There is ample evidence that the
early triode was no great commercial
success. During 1909 and 1910 De
Forest manufactured and sold a variety
of radio-equipment products, but in his
advertising he mentioned the audion
either not at all or only as one among
many minor items. In 1912 he allowed
his British patent to lapse for nonpay-
ment of a $125 renewal fee. W. J. Mc-
Candless, who in his New York City
plant manufactured all the triodes pro-
duced in the U.S. until 1913, reviewed
his early records some years ago. It ap-
pears that he had turned out only about
200 to 300 triodes a year up to 1910,
after which the annual output rose to
about 600. These figures represent a
very small percentage of the estimated
number of commercial and amateur
wireless stations in the country during
those years, indicating that other de-
vices, primarily the crystal and elec-
trolytic detectors, were far more popu-
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TRIODE-DETECTOR CIRCUIT, redrawn from De Forest’s patent
application of 1907, shows a grid (a) between the filament (F)
and the plate (b). De Forest’s grids did not provide much increase
in power of the kind described on the preceding page. He did

lar than the expensive and short-lived
triode.

In summary, the first stage in the

history of the triode vacuum tube,
in which it was a detector of radio sig-
nals, is entirely De Forest’'s. He in-
vented the device in the cut-and-try
sense of the word and with no scientific
understanding of what he was doing.
All of the few thousand triodes pro-
duced in this country before 1913 were
manufactured under his authority and
to his designs. Yet to most of the wire-
less operators of the time the triode
was just another detector, sometimes
better but often worse than other de-
tectors. The invention of the triode de-
tector as such would never have brought
De Forest the lasting fame or the riches
he craved.

The second stage of triode history
began in 1912. For years telephone en-
gineers had been seeking a “repeater,”
or amplifier, for voice signals; without
such a device it appeared that trans-
continental telephone service might
never be possible. Always quick to sense
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a commercial possibility, De Forest filed
a patent application as early as June,
1907, for a “System for Amplifying
Feeble Electric Currents.” The circuit
included triodes but they served only
as detectors, and the device did not ac-
tually amplify.

The discovery that the triode could
perform the function of amplifying
voice-frequency signals was made in-
dependently by De Forest in 1912 and
by a number of other scientists and
inventors in at least three countries
during 1912 and 1913. Several of these
experimenters made two additional dis-
coveries. The first was that triode cir-
cuits could amplify high-frequency ra-
dio signals as well as voice frequencies;
the second was that if the output of an
amplifier was fed back into its own in-
put, the circuit could become a self-
sustaining oscillator, or generator of
electrical signals, and therefore a radio
transmitter.

The U.S. courts took more than 20
years to decide who should be awarded
patent priority for these valuable new
triode circuit inventions. In 1934 they
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find, however, that connecting condenser C’ in the circuit improved
the tube’s sensitivity. In 1914 Edwin H. Armstrong showed that
this improvement was the result of a charge-storage effect that
increased the variations in the voltage delivered to the grid.

finally declared De Forest the winner,
dating his inventions in the late summer
of 1912. This decision established De
Forest as the inventor not only of the
triode as an assembly of parts but also
of its principal applications; it is the
justification for his eminent position
among U.S. inventors.

The discovery of the amplification
and oscillation functions of the triode
marks the beginning of the modern age
of electronics, but De Forest played
no large part in the development of
that age. Major industrial laboratories
took over, and in less than three years
De Forest’s crude, erratic and gassy
triode, which had changed little since
1906, was transformed into a variety of
reliable, efficient and powerful forms
so useful for communication that more
than a million tubes were manufactured
for military purposes in World War I.
De Forest’s patent position and his pro-
duction facilities earned him a modest
portion of the war contracts, but he
made no further creative contributions
to the development of his great inven-
tion.



10 boys in an elevator or 1 pneumatic tube system?

Distribution of paper work between
offices has increased to the point
where traffic jams are common.

Not so with ITT pneumatic tube
systems on the scene. Tubes and
carriers can handle the work of
elevators full of messenger boys.

An excellent example of a new
high-speed system is in New York
City’s First National City Bank.

It was provided by Airmatic
Systems Corporation, a subsidiary
of ITT. Itis capable of automat-
ically switching 2,400 tube
carriers per hour to 65 stations.

The carriers are dispatched by
dialing the destination or

station number.

A system developed by ITT's
German affiliate is made up of
more than 100 miles of pneumatic
tube to handle inter-postoffice
mail for the Berlin Postal System.
But paper is not, by far, all

that can be transported by
pneumatic tubes.

Systems in hospitals transport
blood plasma, medicines, X-rays,
sterile supplies—in addition to
administrative paper work.

One system moves molten steel
samples to laboratories at

80 feet per second. Another
system, radioactive samples.

Still another, microelectronic
sub-assemblies.

Other users include airlines,
railroads, brokerage houses,
newspapers, publishing houses
and truck terminals.
International Telephone and
Telegraph Corporation. World’s
largest international supplier of
electronic and telecommunication
equipment. World Headquarters:
320 Park Avenue,

New York, New York 10022.

worldwide electronics and telecommunications
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IBM now offers the most powerful,

small, digital computer
for less than *700/month

And it’s a dandy.

Our new 1130 Computing System
can whiz through 120,000 additions
per second...handle over a million logic
decisions a second.

It can handle engineering design,
mathematical models, differential equa-
tions, regression analysis, linear pro-
gramming, matrix algebra, statistics. It
can save you time in handling mathe-
matical calculations. It can make it pos-
sible to solve problems you haven’t had
time to solve before.

It’s designed for the small budget en-
gineering consultant...university...the
small engineering department...the
small research lab. Monthly rentals
start at $695 for a basic system ($895
with disk storage). The 1130 comes
with complete programming support.

The processor has the memory size

you need in engineering and scientific
processing—either 4,096 or 8,192
16-bit words in the central processor.
A new interchangeable disk cartridge
gives you direct access on line to over
half a million words of data and pro-
grams. You can have your own indi-
vidual program disks. The system moves
data on or off the disk at 35,000 words
per second.

The 1130 has the speed and the ca-
pacity to solve scientific jobs in a hurry.

You instruct the system in either
FORTRAN or a new 1130 Symbolic As-
sembler Language. You can use either
single or double precision arithmetic or
floating point arithmetic.

Automatic parity checking improves
reliability of data and instructions in
the system.

Full programming support

A monitor program, available with
the disk cartridge feature, polices the
flow of data and jobs in and out of the
system ... helps you get more work
through the system...and simplifies both
programming and operation.

A long list of tested applications
programs comes with the system. Here’s
a partial list:

1. The IBM Math Pak

Bessel functions ¢ Fourier series * In-
tegration of first-order differential equa-
tions * Numerical integration ¢ Simulta-
neous equations and matrix inversions ®
Calculation of Eigenvalues and Eigen-
vectors ¢ Calculation of gamma func-
tion * Calculation of Legendre polyno-
mials ¢ Finding real and complex roots
of a real polynomial ¢ Stepwise linear
programming

2. The IBM Stat Pak

Analysis of variance ¢ Factor analy-
sis * Polynomial curve fitting » Regres-
sion analysis
3. Civil EngineeringCoordinate Geom-
etry (coGo)
4. Petroleum exploration and produc-
tion calculations
5. Numerical surface techniques and
contour map plotting

Special features for technical jobs

You can put data in or get it out of
the new 1BM 1130 Computing System
on paper tape, punched cards, inter-
changeable disk storage, a console
printer, a new 1132 Printer that prints
80 lines of alphanumeric or 110 lines
of numerical data a minute.

If you want answers in the form of

graphs, charts or maps, hook on an 1BM
1627 Plotter. This will give you graphic
output on paper, based on X and Y co-
ordinates, at a rate up to 1,800 incre-
ments a minute.

You can take your pick of these
input/output devices. Choose just the
ones you need for your problems.

Add others later if and when your
needs change.

The 1130 is a low-cost high-perform-
ance information handling tool for the
engineer or scientist who needs fast and
economical access to a computer.

For more information, call your local
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1BM office.

DATA PROCESSING
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Computer Experiments in Fluid Dynamics

The fundamental behavior of fluids has traditionally been studied

in tanks and wind tunnels. The capacities of the modern computer

make it possible to do subtler experiments on the computer alone

by Francis H. Harlow and Jacob E. Fromm

r I Yhe natural philosophers of ancient
Greece liked to do experiments in
their heads. Centuries later Gali-

leo developed the “thought” experiment
into a fruitful method of inquiry and in
our own time the method appealed
strongly to such men as Albert Einstein
and Enrico Fermi. Now the arrival of
the modern electronic computer has
made the method immensely more pow-
erful and versatile. The computer makes
it possible to simulate nature with nu-
merical models and to investigate it in
ways that have never been practicable
before. Physical processes of enormous
complexity are being examined minute-
ly and with considerable realism. New
hypotheses are being proved true or
false. In physics, engineering, economics
and even anthropology the computer
has become a revolutionary tool.

One of the great attractions of experi-
ment by computer is that it can avoid
some of the uncertainties of measure-
ment. Moreover, it provides a technique
that can be classed as both theoretical
and experimental. It is theoretical be-
cause it deals with abstract (that is,
mathematical) statements of how things
relate to one another. It is experimental
because the computer is given only data
specifying the initial state of a system
and a set of rules for calculating its state
at some time in the future. The com-
puter worker has no more idea how this
future state will unfold than has the
traditional worker who conducts a com-
parable experiment in an actual labora-
tory. To demonstrate the power of com-
puter experiments we have chosen a
single example involving the dynamic
behavior of fluids. The particular ex-
periment is a study of the flow of air
past a rectangular rod.

At first thought the use of a computer
for calculating this flow may seem to
be a needlessly roundabout procedure.
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Would it not be simpler and more
enlightening to put the rod in a wind
tunnel and observe how air containing
filaments of smoke flows around it? Ac-
tually it would not. For many of the
questions to be investigated the physi-
cal experiment would- be- more com-
plicated and costly, and it would not

provide as much information as the ex-
periment by computer.

For an example one can point to the
problem of redesigning the Tacoma
Narrows Bridge after it had been shaken
to pieces by wind-induced vibrations
soon after it was built. For the rebuild-
ing of the bridge many elaborate models

VORTEX EXPERIMENT with a fluid is compared with a similar computer experiment
using a mathematical model. In a tank dark lines of dye within a moving body of water
(top) flow past a cylindrical obstacle; the water’s velocity is great enough to disrupt lami-
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were made and tested again and again
before a safe design was finally devel-
oped. Without doubt much of the cost
and time spent on the problem could
have been saved by computer calcula-
tions if the computers and appropriate
numerical techniques had then been
available. Experiments with numerical
models can show the interaction of
winds and a bridge in detail and produce
answers in far less time than it takes
to prepare a physical experiment. The
Soviet physicist A. A. Dorodnitsyn has
remarked about such problems that
computer calculation “can give a solu-
tion that is not only more rapid and
cheaper but also more accurate” than
the physical experiment itself.
Experimentation by computer also
allows the investigation of many phe-
nomena that are either inaccessible to
direct study or involve factors that can-
not be measured accurately. In the flow
problem that we shall discuss, for ex-
ample, it is difficult to measure directly
in a wind tunnel the temperature dis-
tribution in the complicated downstream

wake. Computer experiments, however,
can yield a reliable description of the
temperature distribution.

Another benefit of a computer experi-
ment is that it usually affords far better
control of the experimental conditions
than is possible in a physical experiment.
In wind tunnel studies, for instance,
the experimenter must modify his in-
terpretations to include the considera-
tion of such effects as those due to the
compressibility of the working fluid,
variations in fluid viscosity and uncer-
tainties in flow velocity. In a computer
experiment such properties often can be
excluded or included at will. Moreover,
the computer program can isolate cru-
cial features for examination, can elimi-
nate irrelevant factors and can often
assess the experimental uncertainties.

Finally, and most importantly, experi-
ments by computer provide a test of the
applicability of theory to the compli-
cated phenomena under investigation.
Do the equations of fluid dynamics real-
ly represent the correct theoretical de-
scription when applied to phenomena

nar flow and generate a characteristic double row of vortices. In
the computer experiment (bottom) comparable marker lines are
simulated and their motions are recorded on microfilm; although
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as complicated, say, as the oscillatory
flow that develops in the wake of a rec-
tangular rod? For such problems the
mathematician would like to obtain
what he calls an analytical solution—the
kind of exact solution that can be ob-
tained by the processes of mathematical
analysis. For problems in fluid dynamics,
however, the necessary mathematical
techniques for obtaining the complete
solution have not yet been developed.
The detailed results provided by a com-
puter can actually help in the develop-
ment of analytical solutions to the basic
equations of fluid dynamics. Usually in
the mathematical model of a complex
problem some of the factors can only
be approximated, and obtaining a real-
istic solution depends on finding out
which features are crucial for a reason-
able representation. With the help of
computer experiments one tries to dis-
cover workable approximations that will
simplify the mathematics needed to
solve complicated problems—in this case
a problem in oscillatory fluid flow.

The reader will find the “computer

the obstacle is a rectangle rather than a cylinder, the real and

model patterns show close agreement. The dye-line experiment
was performed by Alexander Thom of the University of Oxford.
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CLASSIC PROBLEM in fluid dynamics is to predict the progression from orderly laminar
flow past an obstacle at slow speed (top illustration) to total turbulence at high speed. A
crucial midpoint in this progression is reached when vortices form alternately at opposite
edges of the obstacle (middle and bottom illustrations) and then are shed downstream.

wind tunnel” experiment easier to fol-
low if we consider briefly how a fluid
behaves when it flows around a fixed
object such as a rectangular rod. At
low speed the airflow is smooth and
steady, a condition described as laminar
flow. At a certain critical speed, which
depends on the size of the rod, the
laminar flow breaks down. For a rod
one inch in height the critical speed in
air is about one inch per second; the
smaller the rod, the higher the speed at
which turbulence begins. If the fluid
is more viscous than air, laminar flow is
more easily maintained and the critical
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speed for turbulence becomes higher.

Above the critical speed the air-
stream breaks up into vortices that are
similar to the small whirlpools seen
when a cup of coffee is stirred. These
vortices are shed alternately from the
top and bottom of the object placed in
the airstream. This oscillating wake was
first extensively studied by the aerody-
namicist Theodor von Kirméin and is
known as a “von Kdrmén vortex street.”
The oscillating wake sends out pulses
that react back on the object itself. The
vibration so produced is responsible for
the sound made by a golf club swung
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rapidly through the air and for the
whine of a ship’s rigging in the wind. It
was resonant vibration produced by the
wind that caused the Tacoma Narrows
Bridge to break and fall into the bay. As
the air speed increases, the vortices in
the vortex street become more and more
ragged and eventually break up into tiny
eddies whose motion is almost entirely
random. At this stage fully developed
turbulence has been reached.

The known patterns of air motion
past an object, then, give us certain defi-
nite phenomena to look for in the com-
puter experiments. If the computer re-
produces a vortex street and, at a later
stage, turbulence, it will show that the
theoretical understanding of fluid dy-
namics is accurate and therefore can be
relied on to predict what will happen
when a fluid flows past objects of vari-
ous shapes and at various speeds.

To set up the calculational experi-
ment we must first translate the
physical situation into the language of
numbers for the computer. For book-
keeping purposes the experimental area
in the computer wind tunnel is divided
into many square cells, which form the
basic computing mesh. A typical mesh
requires at least 49 cells in the direc-
tion of horizontal flow and 24 cells in
the vertical dimension, for a total of
1,176 cells. Each cell must contain two
numbers representing the components
of average air velocity in two directions,
together with other numbers represent-
ing such variable quantities as “vortic-
ity,” “stream function” and, if heat flow
is desired, temperature as well. Final-
ly, the computer must be supplied with
a set of operating instructions, or “code,”
that spells out in detail exactly how the
computer must manipulate every num-
ber in every cell in order to calculate
how the flow configuration will change
from instant to instant. It can require
billions of mathematical operations and
anywhere from a few minutes to a few
hours of computing time to carry out
the calculations needed to represent the
flow of air for a time interval of several
minutes. In our studies we have used
either an IBM 7090 computer or the
somewhat faster machine, also built
by the International Business Machines
Corporation, known as Stretch.

The actual development of a success-
ful code is a time-consuming process
and is carried out in three steps. The
first involves the testing of detailed
numerical methods and is strewn with
pitfalls. It is no trick, for example, to
invent methods that develop numerical
instability: the computer results rapidly



BASIC COMPUTING MESH for a mathematical wind tunnel is
a grid of 1,176 individual cells, arrayed in rows 49 cells long
and 24 cells wide. The obstacle, twice as high as it is deep, is
located 12 cells away from the input flow at the left margin of the
mesh. At the start of an experiment each cell is programmed with
a minimum of two numbers, which represent the horizontal and
vertical components of the average air velocity at that point in

i
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space. The cells can also be programmed to contain numerical
notations for additional variables such as heat flow, vorticity and
stream function. During the run of a calculation the computer
must carry out billions of mathematical operations in order to
determine how the flow configuration varies. In this example the
flow of air past the obstacle has reached the critical speed at which
alternating vortices are formed (see illustration on opposite page).

SIMULATED MOTION OF AIR past an obstacle (extreme left)
that is stationary with respect to the observer produces a plot of
swirling streamlines. The course of each line parallels the direc-
tion of the adjacent air current’s flow; the narrower the spacing
between lines, the higher the speed. This is one of four plots that
show different data from the same instant in a single experiment.

SIMULATED MOTION OF OBSTACLE through a body of still
air, although mathematically identical with the situation illus-
trated at the left, produces a quite different streamline plot. In
this instance the air mass rather than the obstacle is stationary
with respect to the observer; the pattern of vortices traced by the
streamlines resembles the turbulence in the wake of a passing ship.

STREAK-LINE PLOT is a third kind of configuration possible in
computer experiments. In this case, indicator numbers that do not
play any part in the flow calculations have been inserted in four
cells of the computer mesh at the rear of the obstacle. These
numbers become “computational particles” that trace out the down-
wind eddies in streaks, as do smoke filaments in a wind tunnel.

ISOTHERM PLOT provides a fourth example of the data that can
be obtained by means of computer experiments. A set of tempera-
ture values simulating a heated body has been inserted in the eight
cells along the rear of the obstacle. As the flow of air passes down-
wind the computer calculates the rate at which the heat is con-
ducted; the lines connect points of equal reduction in temperature.
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DEVELOPMENT OF A VORTEX STREET is documented in six
consecutive streamline plots (left and center illustrations, top to
bottom). The laminar flow at the outset (1) quickly changes to a
stable pair of eddies behind the obstacle (2). The stability ends

run askew and lead to complete non-
sense. Like physical experiments, com-
puter experiments are also subject to
interference by gremlins. Just as the
vibration of a motor may produce ex-
traneous turbulence in a wind tunnel,
so the numerical approximations fed
into a computer may lead to equally un-
wanted “truncation turbulence.”

The second step is to prepare a full-
scale code. For our problem in fluid
dynamics this required many months,
most of them consumed by “debug-
ging,” or ferreting out errors in, the
step-by-step instructions. Such a code
is written with sufficient generality so
that it can be used to solve a wide vari-
ety of roughly similar problems. Thus

when one or another of the eddies begins to grow. The larger eddy
shifts position both downstream and toward the center line, thus
pushing the smaller, upstream eddy out of its normal position (3
and 4). The upstream eddy is now exposed to acceleration both by

a good code can be used for years and
will often be a source of inspiration
for workers in other laboratories.

The third step is to formulate the
code in terms of a specific problem. In
our oscillating-wake study an important
part of the formulation was to determine
the “initial” and “boundary” conditions.
The initial condition describes the state

SEQUENCE OF STREAK LINES traces the transformation of a jet

of air as turbulence progressively increases (four steps from left to
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right). In this experiment computational particles are introduced
through a single cell (horizontal streaks), as though squirting



the main stream and by the reverse currents of the downstream eddy (4) and begins to grow
in its turn. Soon the growing upstream eddy pinches off the downstream one, which is then
shed as a vortex while a new eddy forms behind the obstacle (5 and 6). The streak-line plots
(“a,” “b” and “c” at right) outline the formation of the vortices during stages 4, 5 and 6.

of the air at the start of the computa-
tion. We could have assumed, for ex-
ample, that the air was at rest, corres-
ponding to the condition in a real wind
tunnel before the fan is turned on. We
found that it was simpler, however, to
start with the fluid behaving as if it
were flowing past the rod in a simple
laminar manner without viscosity.

The boundary conditions refer to
what is happening at the edges of the
computational mesh. Our decision was
to have the top and bottom edges rep-
resent the walls of the wind tunnel and
to have the left edge represent an air
input of uniform flow. The right edge
gave us more trouble, but we finally ar-
ranged for the fluid to flow out and back

into the computing region in a way that
created a minimum of mathematical dis-
turbance.

The computing process itself can be
compared to the making of a motion
picture. Starting with the initial con-
ditions prescribed for each of the 1,176
cells in “frame” No. 1, the computer
follows the coded instructions to de-
termine the conditions in each cell a
brief instant of time later, thereby pro-
ducing frame No. 2 of the film. Each
successive frame is similarly generated
on the basis of numerical data com-
puted for the preceding frame. The
fastest computer available to us, Stretch,
can generate about 10 frames a minute.
When the calculation has proceeded far
enough, the results are gathered up for
study.

The computer’s results can be pre-

sented in any of several different
forms. One form of print-out consists
of all the numbers describing the flow
in each frame. Usually this form of
print-out is restricted to samplings taken
at selected intervals, because the com-
plete data for every one of the hun-
dreds or thousands of cycles in an
experiment would be far too much for
an analyst to digest, to say nothing of
storing the reams of paper. Sometimes
the computer is programmed to print
certain calculations that supply particu-
lar points of information, such as the
amount of air drag caused by the ob-
stacle at specific wind speeds. The most
useful and popular type of print-out,
however, is the actual plotting of the
flow in pictorial form.

The computer itself can generate
plots of the flow configurations and put
them on film by means of a microfilm
recorder. Several selected frames from
such recordings, exactly as they came
from the computer, are among the illus-
trations on this page and preceding
pages of this article. The sequence of all
the frames of an experiment, combined
in a film strip and run through a motion-

colored water into a clear tank. The jet of air is unstable and soon

breaks into expanding, irregular vortices like those exhibited by a
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plume of smoke. Similar but far more complex experiments can be
used to test theories about aircraft jet engine noise suppression.
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Interpretation by William Thonson

The Dynamic

Radiography
of Explosively
Driven Metals
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PROBLEM: The application of a
pulsed radiation beam produced
by a high current electron
accelerator (PHERMEX) to the
studies of the dynamic behavior
and properties of matter in the
severe environment of explosive
detonations, where pressures
may be measured in megabars.
The radiographic diagnosis of
shock wave interactions in
metals, as well as features of
the detonation waves in the
explosive driving charges are of
particular interest. The
significance of such parameters
as tensile strength and viscosity,
in the high-speed dynamic realm,
is sought. The formation,
progress and effects of metallic
jets are observed and studied.

Qualified applicants interested
in research at Los Alamos are
invited to send resumes to:
Director of Personnel

Division 65-30

SCIENTIFIC LABORATORY
OF THE UNIVERSITY OF CALIFORNIA
LOS ALAMOS, NEW MEXICO

An equal opportunity employer. United States Citizenship required.
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picture projector, gives a very vivid
picture of the development of vortices
and other features as a fluid flows
around an obstacle.

From the numbers describing the
flow in each cell of the computing mesh,
the computer generates streamlines that
show both the direction and the speed
of flow throughout the space. The speed
is indicated by the spacing between the
streamlines: where the lines are close
together the flow is fast; where they
are farther apart the flow is slower.
The computer can show the streamline
patterns in either of two ways: as if
a camera were photographing a stream
of air flowing past it or as if the camera
were moving along with the stream.
The latter view shows the pattern of
vortices in clear detail.

The computer can even simulate the
motion of markers often used to make
flow visible, such as filaments of smoke
in air or of dye in water. In the com-
puter the markers consist of “compu-
tational particles.” At certain desired
points in the computation these particles
are thrown in (the magic of the com-
puter allows their creation anywhere at
will) and thereafter they are carried
along wherever the flow of air goes.
Their paths of motion produce lines
called streak lines. The streak lines gen-
erated by the computer give a remark-
ably faithful impression of the behavior
of smoke or dye filaments. Perhaps the
most striking of these computer con-
structions is the configuration of streak
lines emerging from a jet: it looks like
a filament of cigarette smoke.

Usually the computer is programmed
to furnish several different configura-
tion plots, showing features of the flow
from various points of view. These are
by no means merely an interesting al-
bum of pictures. They show the qualita-
tive features of the development of the
flow and provide precise quantitative
information about the flow at every
point. In many cases the computer re-
veals important details that would be
extremely difficult to obtain from physi-
cal experiments.

The example we have described of a
computer technique for investigating
fluid flow is only one of many success-
ful efforts that have been made to carry
out complex experiments by computer.
Other workers have used computers to
tell in detail what is going on inside a
nuclear reactor and to assess in an in-
stant the progress of a rocket soaring
into space. Tomorrow the computer
may give accurate forecasts of the
weather, of the future of the economy
and of the state of man’s health.
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Let me explain why AIlen-BradIé'y’é one grade resistor policy
is of utmost importance to you

M Over the last quarter century, Allen-Bradley’s hot
molded composition resistors in all ratings have estab-
lished their reputation for being of uniformly consistent
quality—not even approached by any other molded
resistor on the market. Neither years of service, nor years
of only shelf life, will affect this uniformity within the
rating under which the units were originally purchased.

Allen-Bradley feels that it has a responsibility to its
multitude of customers all over the world, that when they
order Allen-Bradley resistors they have the confidence—
based on years of experience—that the quality and de-
pendable performance will be the same as before! No
wide deviations in characteristics—even in isolated re-
sistors—can cause questionable performance in your
equipment. Catastrophic failures are an impossibility
with A-B hot molded resistors.

Perhaps Allen-Bradley doesn’t deserve credit for such
uniformity because it results from automatic machinery
which completely eliminates the human element. Varia-
tions are not tolerated by this machinery.

Besides, if Allen-Bradley had succumbed to the price
argument and had placed on the market a lower quality
resistor, how would you be able to tell them apart—
without having this cost you extra money? How about the
wrong resistor accidentally getting into the wrong place?

This could only be discovered on final test—and correct-
ing such careless mistakes is expensive. Do you really
save money when you buy an inferior make of resistor???

Leading electronic manufacturers have found it really
pays to standardize on Allen-Bradley quality resistors—
you will, too. For complete specifications, please write for
Technical Bulletin 5050: Allen-Bradley Co., 1204 S.
Third St., Milwaukee, Wisconsin 53204. In Canada:
Allen-Bradley Canada Ltd., Galt, Ontario.

- e
TYPE BB 1/8 WATT NEW

- -

TYPE CB 1/4 WATT MIL TYPE RC 07

SRR-—

MIL TyrE RC 20

TYPE EB 1/2 WATT

_ --:_ _

TYPE GB 1 WATT MIL TyPE RC 32

TYPE HB 2 WATTS u' MIL TYPE RC 42

HOT MOLDED FIXED RESISTORS available in all standard
EIA and MIL-R-11 resistance values and tolerances,
plus values above and below standard limits.

ALLEN-BRADLEY

QUALITY ELECTRONIC COMPONENTS
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MATHEMATICAL GAMES

A new group of short problems and

answers to last month’s questions

by Martin Gardner

r I Yhe following short problems are
on the whole less difficult than
those of a similar nature that

have appeared from time to time in this

department. The minimum solution of
the last problem—the sliding-block puz-
zle—is not yet known, but it is a prob-
lem on which even the nonmathemati-
cally inclined will enjoy working, and in

May or June I shall report on the best

results that have been received. All the

other problems will be answered next
month.

1.

Who would have thought that the
poet Samuel Taylor Coleridge would
have been interested in recreational
mathematics? Yet the first entry in the
first volume of his private notebooks
(published in 1957 by Pantheon Books)
reads: “Think any number you like—
double—add 12 to it—halve it—take
away the original number—and there
remains six.” Several years later, in a
newspaper article, Coleridge spoke of

PENNY

Can the penny always trap the dime?
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the value of this simple trick in teach-
ing principles of arithmetic to the “very
young.”

The notebook’s second entry is: “Go
into an Orchard—in which there are
three gates—thro” all of which you must
pass—Take a certain number of apples—
to the first man [presumably a man
stands by each gate] I give half of that
number & half an apple—to the 2nd
[man I give] half of what remain &
half an apple—to the third [man] half
of what remain & half an apple—and
yet I never cut one Apple.”

How long will it take the reader to
determine the smallest number of ap-
ples Coleridge could start with and ful-
fill all the stated conditions?

2.

Each end of a 10-foot length of rope
is tied securely to a man’s ankles. With-
out cutting or untying the rope, is it
possible to remove his trousers, turn
them inside out on the rope and put
them back on correctly? Party guests
should try to answer this confusing
topological question before initiating
any empirical tests.

3.

The two-person game shown at the
left has been designed to illustrate a
principle that is often of decisive im-
portance in the end games of checkers,
chess and other mathematical board
games. Place a penny on the spot num-
bered 2, a dime on spot 15. Players al-
ternate turns, one moving the penny,
the other the dime. Moves are made
along a solid black line to an adjacent
spot. The penny player always moves
first. His object is to capture the dime
by moving onto the spot occupied by
the dime. To win he must do so before
he makes his seventh move. If after six
of his moves he has failed to catch the
dime, he loses.

There is a simple strategy by which
one player can always win. Can the
reader discover it?

4.

Logic problems involving truth-tell-
ers and liars are legion, but the fol-
lowing unusual variation—first called to
my attention two years ago by Howard
De Long of West Hartford, Conn.—has
not to my knowledge yet been printed.

Three men stand before you. One al-
ways answers questions truthfully, one
always responds with lies and one
randomizes his answers, sometimes ly-



ing and sometimes not. You do not
know which man does which, but the
men themselves do. How can you iden-
tify all three men by asking three ques-
tions? Each question may be directed
toward any man you choose, and each
must be a question that is answered by
“Yes” or “No.”

5%

The mechanical device shown at
the right was constructed by James
Ferguson, an 18th-century Scottish as-
tronomer well known in his time as a
popular lecturer, author and inventor
and for the remarkable fact that al-
though he was a member of the Royal
Society his formal schooling had con-
sisted of no more than three months in
grammar school. (One of his biographies
is called The Story of the Peasant-Boy
Philosopher.) His device is given here
as a puzzle that, once solved, will be
seen to be a most curious paradox.

Wheel A and its axis are firmly fixed
so that wheel A cannot turn. When the
device is rotated clockwise around
wheel A by means of the handle, wheel
B will of course rotate in the same
direction. The teeth of B engage the
teeth of three thinner wheels C, D and
E, each of which turns independently.
A, B and E each have 30 teeth. C has
29 teeth, D has 31. All wheels are of the
same diameter.

As seen by someone looking down on
the device as it is turned clockwise, each
of the thin wheels C, D and E must
turn on its axis (with respect to the
observer) either clockwise, counter-
clockwise or not at all. Without con-
structing a model, describe the motion
of each wheel. If the reader wishes to
build a model eventually, it is not nec-
essary that the wheels have the exact
number of teeth given. It is only neces-
sary that A and E have the same num-
ber of teeth, C at least one less and D
at least one more.

0.

During World War II a gag problem
that made the rounds was: How can
you make a Nazi cross with five
matches? One answer was “Push four of
them in his ear and light them with the
fifth.” Here is a somewhat similar prob-
lem, although one that does not hinge
on any kind of wordplay.

The reader is asked to take four
cigarettes and eight sugar cubes, place
them on a dark-surfaced table top and
form the best possible replica of the
Nazi swastika shown at the right. All

James Ferguson’s gear paradox

12 objects must be used and none must
be damaged in any way.

7.

According to a recent book by two
prominent Soviet mathematicians, the
following method of fortune-telling was
once popular in certain rural areas of
the U.S.S.R. A girl would hold in her
fist six long blades of grass, the ends
protruding above and below. Another
girl would tie the six upper ends in
pairs, choosing the pairs at random, and
then tie the six lower ends in a like
manner. If this produced one large ring,
it indicated that the girl who did the
tying would be married within a year.

A pencil-and-paper betting game (a
pleasant way to decide who pays for
drinks) can be based on this procedure.
Draw six vertical lines on a sheet of
paper. The first player joins pairs of
upper ends in any manner, then folds
back the top of the paper to conceal
the connecting lines from his opponent.
The second player now joins pairs of
bottom ends as shown at the left in the
illustration at the top of the next page.
The sheet is unfolded to see if the sec-
ond player has won by forming one
large closed loop. (The illustration
at the right at the top of the next page
shows such a win.) If even money is
bet, whom does the game favor and
what is his probability of winning?

[¢]
O.

During a baseball game in Mudyville,
Casey was Mudville’s lead-off batter.
There were no substitutions or changes
in the batting order of the nine Mud-
ville men throughout the nine-inning
game. It turned out that Casey came to
bat in every inning. What is the least
number of runs Mudville could have
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scored? Charles Vanden Eynden of the
University of Arizona originated this
amusing problem.

9.

Sam Loyd’s well-known 14-15 Puz-
zle was last mentioned in this depart-
ment in February, 1964, in a discussion
of sliding-block puzzles. For all puzzles
of this type, in which unit squares are
shifted about inside a rectangle by
virtue of a “hole” that is also a unit
square, there is a quick parity check
for determining if one pattern can be
obtained from another. For example, on
the simplest nontrivial square field
shown at the bottom of the next page
can the pattern at the left (with the
blocks in descending order) be changed
to the pattern at the right? To answer
this we switch pairs of numbers (by
removing and replacing blocks) until
the desired pattern is achieved, counting
the switches as we go along. This can
be done in helter-skelter fashion, with
no attempt at efficiency. If the number
of switches is even (as it always will be

Model for swastika
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A pencil-and-paper betting game

in this case), the change by sliding is
possible. Otherwise it is not.

But what is the smallest number of
sliding moves sufficient to make this
change? Surprisingly little work has
been done on methods for minimizing
such solutions. The problem given here
—reversing the order of the digits—can
be shown to require at least 26 moves.
If each square takes the shortest path
to its destination, 16 moves are used.
But 4 and 5 are adjacent and cannot
be exchanged in fewer than four moves,
and the same reasoning applies to 3 and
6. This lifts the lower limit to 20. Two
moves are lost by the opening move
of 1 or 3 and two more by the last move
of 8 or 6, since in each case a square
must occupy a cell outside its shortest

| path. This raises the lower limit to 24.
Finally, if one constructs a tree graph

for opening lines of play, it is apparent
that two more moves must be lost by
the ninth move. The puzzle therefore
cannot be solved in fewer than 26
moves. Because the hole returns to its
original position, it can be shown that
every solution will have an even number
of moves.

The best solution on record (it is the
solution to problem 253 in Henry Ernest
Dudeney’s posthumous collection, Puz-
zles and Curious Problems) requires 36
moves. Recorded as a chain of digits to
show the order in which the pieces are
moved, it is as follows: 12543 12376
12376 12375 48123 65765 84785 6. I
have good reason to believe, however,
that it can be done in fewer moves.

To work on the problem one can
move small cardboard squares, num-

bered 1 through 8, on a field sketched

3
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on paper. I shall be grateful if readers
who do better than Dudeney will send
their solutions to me. I cannot reply to
this mail, but I shall report on the best
answers received.

Bst month’s problems having to do
with tetrahedrons are answered as
follows:

1. A regular tetrahedron cut by six
planes, each passing through an edge
and bisecting the opposite edge, will
be sliced into 24 pieces. This is easily
seen when one realizes that each face
is dissected into six triangles, as in a
in the illustration on page 117, each of
which is the base of a tetrahedron with
its apex at the model’s center. (The
problem was contributed by Harry
Langman to Scripta Mathematica for
March-June, 1951.)

2. Any paper triangle, if all its angles
are acute, can be folded into a tetrahe-
dron.

3. The bug’s shortest path from A to
B is 20 feet, as shown on the unfolded
tetrahedron at b on page 117. This is
shorter by .644- feet than the shortest
path that does not touch a third face.

4. Four is the largest number of spots
that can be placed on a sphere so that
every pair is the same distance apart. |
The spots mark the corners of an in-
scribed regular tetrahedron.

5. If one-inch regular tetrahedrons
are sliced from the four corners of a
two-inch regular tetrahedron, the re-
maining solid is a regular octahedron.

6. It is not possible to label the sides
of a tetrahedron with four different
numbers so that the sum of the three
faces at each vertex is the same. Con-
sider any two sides A and B. They meet
side C at one vertex and side D at
another. For the sums at both vertices
to be constant the numbers on sides C
and D would have to be the same, but
this violates the condition that the four

numbers must be different. |

A proof (from Leo Moser) that the
edges of a tetrahedron cannot be la-
beled with six different numbers to
yield constant corner sums is a bit more
involved. First label the edges as shown
at ¢ on page 117. Assume that the prob-
lem can be solved. Then a +b + ¢ =
a+e+d, therefore b+c=¢e+d.

Similarly, f + b +d = f + e + ¢, there- |

fore b 4+ d = e + c¢. Add the two equa-

tions:

b+c=e+d
b+d=e+c

2b+c+d—2e+c+d

The sum reduces to b = e, which of

ORDNANCE VULNERABILITY
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LUMMUNI

Sometime next year, in the Philippines,
the United States Information Agency
will go “on the air” with one of the most
powerful radio stations on earth. Its
purpose: To reach deep into China with
the truth about the Free World.

The station will have ten giant, 250,000
watt transmitters now being built by
Hughes. Contrary to most trends in
electronics, its king-size parts must be
handled by wrenches instead of tweezers.
Tubes are big as bushel baskets, wires
are like cables to handle the enormous
power loads.

Paradoxically, although these giants
need to send signals over thousands of
miles, in some ways it is more difficult
to make radios work just a few miles

apart in dense jungle. Conventional
types of man-carried radios can’t cut
through. High frequency radios, which
“bounce” signals off the ionosphere, can.
So today, our Special Forces troops are
field testing a new Hughes “Manpack”
high frequency single sideband radio.
Manpack weighs in at just 25 Ibs., is
fully transistorized, has re-chargeable
batteries, can send and receive both
voice and telegraphy.

The ability to apply new knowledge to
useful purpose whether in the jungle or
in space is a Hughes hallmark. The
Syncom satellite, created and built by
Hughes, may well rank as one of the
major communications advances of our
time. Its unique ability to “stand still”
over a point on earth permits uninter-
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Massive radio transmitters

to cut past the "Bamboo Curtain”
with the message of freedom.
“Walkie-talkies' to pierce the impen-
etrable jungle. 'Stand-still" satellites
to bring television from across the
oceans. This is Hughes at work

in communications.

rupted television and telephone commu-
nications, 24 hours a day.

The first Syncom has amassed more com-
munications time than all other such sat-
ellites combined. The “Olympic” Syncom,
launched last fall, enabled you to see
the opening of the Games “live” in the
first trans-Pacific television presentation.

“Early Bird” the Syncom-type satellite
built by Hughes for Comsat, will give
the first uninterrupted TV and phone
service 24 hours a day across the Atlan-
tic Ocean. Just three such satellites could
link all the nations of the earth.

Groundstations are the vital earth-based
“ears” of satellites. Plans are under way
to build a satellite ground terminal in
Arkansas. It can be used for research,

HUGHES AIRCRAFT COMPANY



for space communications research and
other experimental activities including
cooperative work with other countries.
Its antenna will “see” satellites over both
the Atlantic and Pacific Oceans.

These, and other communication achieve-
ments, such as traveling wave tubes for
spacecraft, new systems using laser
beams, speech compression techniques
and new tropospheric-scatter systems—
illustrate how Hughes is helping create
a new world with electronics.

Engineers and scientists with interest in
joining Hughes activities, are invited to
inquire. Please write Mr. D. A. Bowdoin,
Hughes Aircraft Company, Culver City
18, California. Hughes is an equal op-
portunity employer.

£
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Answers to last month’s problems
p

course violates the assumption that no
two numbers are the same.

7. The largest regular tetrahedron
that can be placed inside a unit cube
has a side the length of which is the
square root of 2 [“d” in illustration
above].

8. Four equilateral cardboard tri-
angles of four different colors will com-
bine to make two different tetrahe-
drons, one a mirror image of the other.

9. If each side of a regular tetrahe-
dron is painted red, white or blue, it is
possible to paint 15 different models:
three will be all one color, three will
have red-blue faces, three will have
red-white faces, three will have blue-
white faces and three will have red-
white-blue faces with two faces of the
same color. The formula for the number
of different tetrahedrons (counting mir-
ror reflections but not rotations as be-
ing different) that can be made with
n colors is

nt + 11n2
12
December’s department on hexia-

n
I monds it was said that there are 25
| heptiamonds. Many readers caught the
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mistake: there are only 24. Daniel Dor-
ritie of Endicott, N.Y., was the first to
send a proof that the triplication prob-
lem for the butterfly is impossible. Sim-
ilar proofs were found by Esther Black-
burn of Montreal; Wade E. Philpott
of Lima, Ohio, and Dennis C. Rarick,
a student at Indiana University. Karl
Schaffer, a ninth-grade student in Bir-
mingham, Ala., was able to prove that
the six-pointed star answer given in
January is indeed the unique solution.
All these proofs are of the exhaust-all-
possibilities type and are too lengthy
to give here.

The outstanding unsolved hexiamond
problem—the 3-by-12 rhomboid—was
solved at the Lawrence Radiation Lab-
oratory of the University of California.
A computer program written by John
G. Fletcher had previously been set up
for testing pentomino problems. A triv-
ial modification by Fletcher converted
this program to one capable of testing
hexiamond patterns. The 3-by-12 rhom-
boid was found to be impossible, and
the 3-by-11 rhomboid was shown to
have 24 distinct solutions, all of which
omit the bat. Running time for both
problems, on an IBM 7094, totaled 20
seconds.
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The avenues of science are unlimited . . .

BSCS Green Version HIGH SCHOOL BIOLOGY
encourages students to use them all

Man must care about his environment;
smog burns nostrils, detergent foam
in rivers and streams kills fish, farm
pesticides kill livestock and wildlife.
All indicate man needs to know more
about how his actions affect his world.

BSCS Green Version HIGH
SCHOOL BIOLOGY — a project of the
Biological Sciences Curriculum Study
— concentrates on the whole being . ..
its community, its contribution to na-

ture...its dependence upon the world.

While emphasizing the interrelation-
ship of all living things — the environ-
mental approach — BSCS Green Ver-
sion HIGH SCHOOL BIOLOGY also
presents a complete basic course.

BSCS Green Version
HIGH SCHOOL BIOLOGY

includes: Student's textbook / student's labora-
tory manual / tests / teacher's guide (available
in various combinations and binding)

More than 70% of the text contains
traditional material common to all
BSCS texts and familiar to all biolo-
gists. But with BSCS Green Version
HIGH SCHOOL BIOLOGY—from
basic laboratory skills to advanced sci-
entific techniques — students develop
abilities to observe, appreciate, and
understand the world of life.

From a collection of 85 laboratory
experiments students organize, con-
duct, and record theories, methods,
andobservations.Experimentationand
observation take place anywhere a stu-
dent receives first-hand knowledge; in
open fields and laboratories ... from
window boxes and culture dishes. ..
from classroom lectures, magazines,
and television programs.

Through the structured textbook and
stimulating laboratory investigations,
students develop a truly scientific at-
titude. They question. They reason.
They observe. They experiment. They
measure. They report. They do. But,
most importantly, they develop appre-
ciation of their environment.
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Conducted by C. L. Stong

lated by a greater number and

variety of animals than any com-
parable area, few amateurs can afford
enough time at the beach to make a
thorough study of even a single orga-
nism. For this reason some enthusiasts
collect and preserve marine specimens.
The animals are caught during occa-
sional visits to the shore and studied
elsewhere at leisure. Of course a pre-
served collection cannot show how an
animal behaves. Having the animals in
preserved form, however, can serve as
an aid in recalling the behavior of the
living creature and can also disclose
far more anatomical detail than is pro-
vided by either drawings or photo-
graphs.

To find the animals the amateur must
first become well acquainted with their
various habitats: rocky shores, sandy
beaches and marine eelgrass meadows.
He must also know the proper methods
of preservation. The techniques em-
ployed for preserving lifelike specimens
are not necessarily easy to master. Some
organisms, particularly the more fragile
invertebrates, are easily damaged during
capture and tend to assume grossly
distorted forms when treated with harsh
chemicals. Others, such as brittle stars,
literally break into pieces when they
are excited. According to Jack J. Rudloe,
a former amateur collector who now
operates the Gulf Specimen Company
in Panacea, Fla., the collection and pres-
ervation of marine specimens is largely
an art, based on an admixture of zoolo-
gy, biology and biochemistry.

“The sand and surf,” Rudloe writes,
“tend to keep the secrets of their ma-
rine animals hidden from the casual
vacationer at the seashore, but actually
all one requires to find the teeming
life at the edge of the sea is curiosity

3 lthough the edge of the sea is popu-

On collecting and preserving animals

that live along the edge of the sea

and observation. Every little ridge,
hump, hole and trail in the sand points
the way to a beach creature. The tech-
niques of collecting tend to vary accord-
ing to the nature of the habitat—rock,
sand or grass.

“Rocky shores are home to animals
that have the ability to cling tenaciously
to their perches to keep from being
dislodged by the battering surf. Rather
than loosen their hold many rock-
dwelling forms will allow themselves to
be ripped to pieces. As a result they
present certain problems to collectors.
Typical examples include removing a
polyclad flatworm or a nemertean worm
from a rock without fragmenting the
creature, and picking up a sea cucum-
ber without having the specimen ner-
vously expel its viscera. The acquisition
of techniques for coping with such prob-
lems makes all the difference between
catching and losing the animals.

“To dislodge rock-dwelling animals
such as limpets, abalones and chitons
without damaging them one must pry
them off tediously with a flat-bladed
knife. Barnacles can pose a particularly
difficult problem: such forms as Balanus
balanoides, Chthamalus and Tetraclita
have only a membranous base, and one
cannot remove them from rocks without
breaking the shell or tearing the gonads.
Even an experienced collector will crack
more barnacles than he cares to. The
best approach is to chip off a piece
of rock with barnacles growing on it,
using a geologist's hammer; alternative-
ly one might seek the same species of
barnacle on more manageable surfaces
such as wood or shell.

“Often the type of rocky surface
determines the method of collecting the
particular animal. Sandstone, common
in the Pacific, permits digging, and one
can chip out an animal without too
much trouble. On hard rock the nature
of the surface regulates the collecting
approach. For example, one can occa-
sionally collect polyclad flatworms found
on smooth, hard rock by letting them
ooze onto the blade of a knife. The
knife is useless, however, on rough sur-
faces because the flatworm hides in
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crevices and generally breaks, tatters
and finally disintegrates if the collector
persists.

“A technique I have found useful is
to mold a plastic bag over the surface
of the rock and gently chase the flat-
worm into the opening by splashing the
creature lightly with water. The plastic
bag method has worked well with other
sensitive invertebrates. A squirt gun
filled with weak isopropyl alcohol will
drive out many of the shrimps, amphi-
pods, polychaete worms and brittle stars
that dwell in deep crevices.

“On the upper limits of the slippery
rocks and cliffs are hundreds of scurry-
ing isopods, or multilegged crustaceans,
which can cause the inexperienced col-
lector much difficulty. The novice may
try to climb the dangerous rocks, slap-
ping at the creatures. Even if he catches
any, the delicate specimens may end
up squashed. I have found insecticide
spray effective in stopping these ani-
mals in their tracks. After it is applied
they can be dropped directly into a vial
of alcohol.

“When the tide recedes, undisturbed
sea anemones hang flaccid. If a collec-
tor quickly jerks them, they generally
come right off the rock. Speed is neces-
sary or they will whip in their tentacles
and contract immediately into a tough,
fast-sticking bulb. Some species even
burst their body walls. If the rocky sur-
face cannot be broken away from the
anemone’s basal disk, pounding the rock
next to the specimen with a geologist’s
hammer will do the trick: the vibration
causes the anemone to fall off.

“Much collecting in rocky areas can
be done by hand. Among the creatures
thus obtainable are nudibranch mol-
lusks, polychaetes, sponges, tunicates,
hydroids, hermit crabs and snails. Sea
anemones and sipunculid worms, how-
ever, prefer deep crevices and crannies
and are often impossible to pull out. By
turning over rocks with a crowbar
(wearing heavy gloves to protect the
hands from cutting shells and the cal-
careous spicules of sponges) one can
obtain assorted varieties of sea cucum-
bers, echiuroid worms, mud shrimps
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and even small eels. Octopuses live in
burrows in temperate zones and can be
spotted by the heaps of crab shells they
have discarded. Pinching crabs and cut-
ting mantis shrimps should be cautious-
ly handled or captured with a small
dip net.

“The beautiful sabellid worms known
as feather dusters pull in their tentacles
at the slightest disturbance and with-
draw into their tubes. Gently pry the
tube from the underside of the rock.
Always remember to return the rock to
its natural position or entire animal and
plant communities will die needlessly
from exposure.

“Although collecting marine animals
on rock piles is often easier than comb-
ing miles of sandy, muddy beach, the
sandy habitats give rise to a diverse
and complex community of animals that
presents a challenge to the amateur col-
lector. Almost every little creature is
adapted to burrowing. Some, such as
the translucent lancelet amphioxus, can
move through hard-packed sand almost
as quickly as a fish swims through
water. Others that move slowly over
sand, such as the frilled sea hare, Bur-
satella leachi, have protective coloration.
There are many bivalves and worms
that avoid sunlight and stay buried.

“To find the inhabitants of sandy
areas one must do some sleuthing. The
clues are peculiar slits and trails in the
sand. These will vary, of course, with
the animal and with the type of habi-
tat. At low tide you can find numerous
polychaetes, moon snails, little portunid
crabs and an occasional sea cucumber.

One must know not only how to rec-
ognize an animal but also where it
hides and when it is most likely to show
itself.

“On most outer beaches where the
rolling waves wash up, large numbers of
the small, multicolored coquinas (Donax)
burrow rapidly into the drenched sand
to escape their many predators. Every
receding wave exposes the little clams
and they busily begin burrowing again.
The amateur collector soon learns to
recognize their presence by the thou-
sands of tiny pepper-shot holes. By
screening or handpicking he can easily
fill a bucket. The same surf tumbles
mole crabs (Emerita) about in the water
for a second and they burrow down
again swiftly. With one sweep of the
net you can build up a good series of
specimens.

“Air and water temperatures influ-
ence the mobility of marine animals. It
is often much easier to collect the rap-
idly burrowing forms at low tide in
freezing winter weather than in the
summer. The burrowing sea anemone
(Bunodactis stelloides) rapidly draws in
its tentacles and sucks down into the
sand when lightly touched, but in win-
ter it contracts only slightly while being
spaded up. The cerianthid anemone
known locally as ‘sloppy guts spins its
own tough, leathery tube with mucus,
sand and mud. The animal rides up and
down this long tube as if it were an
elevator. In warm weather, even at the
slightest disturbance, the anemone will
rocket down to the bottom. The collec-
tor must dig slowly. One impatient
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yank may leave him with an empty
tube. In winter when the air tempera-
ture is below freezing, however, it is
possible to sever the tube and block
the anemone’s descent with a shovel be-
fore the animal can respond to stimuli.

“The eelgrass in enclosed sandy bays
and estuaries shelters an abundance and
diversity of animal communities all year.
At spring tides that are windblown, so
that the ribbed sand is exposed far be-
yond the normal littoral, the flats are
strewn with castings of polychaete
worms, balanoglossid worms, callianas-
sid mud shrimps and other animals
adapted for burrowing. The huge, red-
dish-black lugworm (Arenicola marina)
tunnels a foot or two below the surface,
making its presence known by little
heaps of digested mud. It takes two
collectors digging toward each other
from both ends of the long burrow to
capture a single specimen.

“Often in the sandy shore habitats
there are mysterious creatures, probably
crustaceans of some kind, whose bur-
rows are so deep that the most energet-
ic, rapid shoveling will not expose them.
From the Sakalava natives of Madagas-
car I learned one effective trick for re-
moving the deep-burrowing sipunculid
worms. The natives insert a long, flexi-
ble wire all the way down the hole until
they feel the animal squirming. The
holes are deceptive: they go straight
down for about a foot and then level
out horizontally before ending in an-
other opening. After locating the worm
with a wire the Sakalava, who use si-

punculids for fish bait, speedily dig

Jack J. Rudloe digging among bryozoans for polychaete worms
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STRUCTURE AND FUNCTION
IN THE NERVOUS SYSTEMS OF INVERTEBRATES

THEODORE HOLMES BULLOCK, University of California, Los Angeles
G. ADRIAN HORRIDGE, University of St. Andrews, Scotland
With Chapters By

Howard A. Bern, University of California, Berkeley
Irvine R. Hagadorn, University of North Carolina
J. E. Smith, Queen Mary College, University of London

This monumental work draws together and summarizes

JUST PUBLISHED
xxviii + 1,722 PAGES
TWO VOLUMES
7%" x 10%”
$75.00
£27 STERLING

Anyone seriously interested in the nervous system must

virtually all that is known about the form and function of own a copy of this reference work. It will be indispensable
invertebrate nervous systems. It is based on an exhaustive to invertebrate zoologists, physiologists, marine biologists,

survey of the literature, old and new, primary and sec-

limnologists, entomologists, systematic zoologists, psy-

ondary, and on a fresh appraisal of original accounts. chologists, and students of animal behavior. Many medical
Neither an encyclopedia nor a compendium, it is a general specialists — electroencephalographers, neurobiologists,
summary comprising a connected series of chapters that experimental neurologists, and experimental psychiatrists

are each synthetic, integrated accounts rather than anno-
tated reference lists.

SOME FEATURES OF THIS WORK

e A synthetic, integrated account of the state of knowledge as it exists today.
e Nearly 900 figures, including electron micrographs, photomicrographs, stereograms, and
line diagrams (the vast majority of them redrawn from original anatomical monographs,

modified for clarity); more than 35 of the illustrations are in color, and more than 100
are fine-screen halftones.

e Full, informative chapter summaries and individual chapter tables of contents to help
the reference user.

e Unusual typographical aids and format aids for finding particular topics; much cross-
referencing.

o Bibliographies of more than 9,000 references, including virtually exhaustive coverage
of the literature of the nervous systems of each group of animals covered; each citation
has been carefully verified and is given in full. Lists of authors, arranged by subject, are
given for the larger groups of animals.

e 16-page glossary of more than 320 terms in neuroanatomy and neurophysiology.

e Author and subject indexes comprising more than 30,000 page references.

L

W. H. FREEMAN AND COMPANY

660 Market St., San Francisco, Calif. 94104 / Warner House, 48 Upper Thames St., London, EC. 4
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—will also need to add it to their libraries.

W. H. FREEMAN AND COMPANY
660 Market Street
San Francisco, California 94104

Send me set(s) of STRUCTURE AND
FUNCTION IN THE NERVOUS SYSTEMS
OF INVERTEBRATES.

| enclose full payment. (Califor-
nia residents please add 4% sales tax.)

Bill me. | agree to send full pay-
ment within four months.

(Publisher pays postage.)

NAME

ADDRESS

(NOTE: Because this book is a treatise, no
complimentary or on-approval copies are
available.)



One of a series briefly desceribing GMs research in depih

Fighting fatigue with stress

Stress 1s a double-edged sword. Favorable residual stress
induced in a material to offset the effects of life-limiting
load stresses can add dramatically to its fatigue durability.

Recently a member of our staff discovered an ingenious
method of controlling the residual stress distribution in
through-hardened steel ball bearings. Called

Marstressing, it involves diffusing foreign atoms

into the metal surface to lower the temperature at which
austenite starts to transform to martensite during
quenching. Then, instead of beginning at the surface as it
ordinarily would, transformation starts below the diffused
layer and proceeds outward, accompanied by the usual
3-49% volume expansion. But when the surface region
transforms, its expansion is opposed by the already hardened
interior. Surface material is caught in a squeeze. Result:
a high residual compressive stress near the surface where
rolling contact failures normally originate.

Marstressing is one of the key features in New
Departure Division’s new NDur line of bearings which
boasts life at least three times the former rating when
run on standard New Departure fatigue life tests. Still

other product applications are being explored by other
GM divisions.

Back of Marstressing are GMR innovations in
X-ray diffraction techniques and more than two decades
of research on residual stress.

The principle behind Marstressing is relatively
simple, but simple answers have a way of occurring
most frequently where the road has been prepared by
careful, persistent research.

General Motors Research Laboratories

Warren, Michigan

RESIDUAL STRESS

‘ MARSTRESSED

COMPHESS‘ON‘ (o] ’ TENSION

Comparison of subsurface stress patterns in
conventionally hardened and Marstressed parts
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down to the exact location of the worm
and yank it out.

“Another clue to hidden creatures is
the sudden spurt of water one may see
or hear as one walks along the exposed
beds of sandy or muddy shores. Such a
spurt may lead you to clams, mussels,
sea cucumbers or sea squirts (Styela
plicata). Often the animals are so well
camouflaged that one might overlook
them if it were not for the spurts.

“In eelgrass I have been challenged
by the task of finding the small, elusive
brachiopods that are often known as
lamp shells. When I first tried, I
would occasionally bring one up in a
shovelful of sand while I was digging
over a large area. In time I came to
recognize their knifelike slits in the
sand among the eelgrass roots, and I
learned that they live close to the sur-
face. Since then I have been able to
collect hundreds of these animals in
just a few square yards by turning them
out with a table fork.

“Along the mud flats of protected
lagoons and bay shores of the south-
eastern U.S. one can collect hundreds of
the common sea cucumbers (Thyonella
gemmata and Thyone briareus) when
they expand their floriated crowns up
out of the mud at night to feed. Quickly
clamp your fingers behind the expanded
tentacles of the cucumber, strangling it
so that it cannot draw its crown back
into its body. Then tie a rubber band
tightly behind the tentacles to keep
them expanded and immerse the cu-
cumber in 95 percent ethyl alcohol. Do
not pull or tug too hard because the
animal has the habit of bursting its
body walls and ejecting its viscera.

“By sweeping a fine-meshed net along
the bottom of the waving eelgrass at
high tide one can find an abundance of
shrimps, hermit crabs, snails, gobies,
pipefish, flatworms and tunicates in an
astonishing variety. Surprisingly, dip-
netting in the eelgrass meadows is one
of the least known but most productive
methods of collecting.

“Collecting is absorbing work and can
be exhausting. It is easy for a collector
to work beyond his normal strength and
endurance. He should guard against
doing so, because collecting is only part
of a day’s work. It is also necessary to
preserve specimens promptly in order
to stabilize the tissues against drastic
chemical change. Much material ob-
tained at considerable effort has been
ruined because the tired collector post-
poned caring for it until the next day.
Some specimens can be carried alive for
a time; a good way to do so is to put the
animal in a plastic bag half-filled with

Sea cucumbers after capture
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A nemertean worm

seawater, seal the bag and then carry it
in a bucket containing some seawater
for cushioning. Other specimens, such
as sponges, must be preserved im-
mediately or they will begin to undergo
a process of deterioration that results in
physical distortion and loss of the flag-
ellate chambers. Although no animal
will look the same after it has been
preserved, it will look similar to its
living self if the preserving is done with
care. The collector has a responsibility:
he knows how the animal looked when
it was alive and must duplicate it as
best he can.

“Sponges, starfish, sea urchins, crabs
and shrimps may be placed directly in
preservative. Brittle stars, sea spiders
and certain crabs, however, often throw
off their legs in their violent death
struggle, so they are best killed by
simply adding weak alcohol or fresh
water to their seawater until they suc-
cumb. The feathery legs of barnacles
can be extended in the same way. The
trick is not to become impatient and
pour in the killing agent too quickly.

“The highly sensitive sea anemones,
hydroids, nudibranchs, tectibranchs,
echiuroids, sipunculids and tunicates
present real difficulty. Years ago, when
I first began collecting, I had repeated
failures in preserving such contractile
invertebrates. I took my problem to

| Charles E. Cutress, a specialist in sea

anemones at the U.S. National Museum
in Washington, and he suggested some
simple and inexpensive methods that
are very effective. They involve anesthe-
tizing the specimens before killing them.

“Three of the better anesthetics are
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Chloretone, menthol crystals and Epsom
salts (magnesium sulfate). The first two
are scarcely soluble in water and should
be used in small amounts. A few crystals
added to a dish of specimens will
suffice. Magnesium sulfate is extremely
soluble in water and is used in a satu-
rated solution. To avoid disturbing the
animals the Epsom salts should be tied
in a piece of porous cloth, and only
a corner of the bag should be allowed
to touch the water. Diffusion will take
place so slowly that the animals will
not be agitated while going to sleep.

“Before adding an anesthetic to a
dish of specimens make sure they are
naturally expanded. Sea anemones,
siphonophores, hydroids and gorgonians
must have their tentacles or polyps dis-
tended, the gills of nudibranchs must be
out and the introverts of sipunculids and
echiuroids must be fully extended. Ori-
fices of sea squirts should be open as
they are when naturally siphoning the
water; sometimes a glass rod can be
used to support the openings.

“The time it takes to render specimens
insensitive will vary widely. No two
specimens will become insensitive at
the same time. It is best to treat them
individually. Never mix species of coe-
lenterates because cross-contamination
of their nematocysts, or stinging organs,
makes the process of anesthetization
twice as difficult. Some contractile crea-
tures such as small anemones and hy-
droids may be rendered insensitive in
an hour, certain species of polychaetes
and sipunculids may take six hours
and nudibranchs sometimes require 15
hours before they are ready for preser-



vation. When the animal does not react
to probing, it is ready for preservation.
The animals should not be allowed to
die in the narcotizing fluid; instead they
should be preserved shortly after im-
mobilization. When you have done a
considerable amount of preserving, you
will develop a sense of the right moment
for fixing the specimen.

“Remove most of the water from the
dish, leaving only enough to cover the
organism. Then flood in full-strength
formalin (37.9 percent) and the speci-
mens will usually die in an expanded
condition. There are always a few
specimeéns, however, that gather up
enough energy to contract at the last
second. For this reason I prefer the old
method of formalin poisoning I learned
at the Marine Biological Laboratory in
Woods Hole, Mass. The contractile
specimens are first partially narcotized
in a large volume of seawater and then
a few drops of dilute formalin (three
drops of 1 percent formalin per 100
cubic centimeters) are added at 15-
minute intervals. In this process death
results much more quickly and there
is less chance of disintegration.

“With certain nemerteans and poly-
chaetes, notably the sabellids, specimens
are best narcotized by slowly adding
alcohol at 15-minute intervals until
they become insensitized. Otherwise ne-
merteans are apt to vomit their long pro-
boscis and sabellids to throw off their
feathery tentacles. Formalin poisoning
will usually kill the animals in an ex-
panded condition after the alcohol has
immobilized them.

“Enthusiasts who go in for shell col-
lecting face no problems. Simply boil
the animal until the flesh is loosened,
then scoop out the meat and allow the
shell to dry. Those interested in pre-
serving the whole animal will need the
same patience as the collector of soft
forms. I use a simple and inexpensive
technique to get the best results. I boil
a pan of seawater for a few minutes to
drive off all the oxygen. When the water
has cooled to room temperature, I place
the mollusks in a flat, shallow pan for
immersion in the cooled water. The
specimens soon expand their meaty
bodies far out of their shells in an effort
to absorb the oxygen that is not there.
When the soft parts have been extended
to their natural feeding and moving
positions, I place the pan in the freezer,
along with a few jars of 70 percent
ethyl alcohol. By the time the mollusks
are frozen solid the alcohol is chilled
to 25 degrees Fahrenheit or less. I
remove the mollusks and place them in

the prechilled alcohol, where they re- |
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main frozen solid, but the alcohol pene-
trates their tissues thoroughly and they
die perfectly expanded. I learned from
experience that if frozen snails are
placed in alcohol at room temperature,
they quickly thaw out and manage to
withdraw completely into their shells
before they die. Many corals and bryo-
zoans can be killed in a similar manner.
First they are narcotized until the
polyps are expanded; then they are fro-
zen and strong formalin is poured over
the ice. As the ice thaws, the formalin
mixes slowly with the water and pene-
trates and kills the specimens.

“There are more little tricks to learn.
Polyclad flatworms generally explode
no matter what preservative is used. I
Ifound that the tropical Indian Ocean

forms could be fixed nicely if they were
| first relaxed with menthol and then
dropped into hot nitric acid. Death is
so instantaneous and the tissues are
hardened so quickly that there is no
time for the animals to contract. Nitric
acid is also a good fixative for cteno-
phores, the comb jellyfish that are impos-
sible to preserve otherwise. In both cases
the specimens are washed in running
seawater until all the fixative is washed
out and are then preserved in 5 percent
formalin.

“Denatured ethyl alcohol is a good
general preservative for most of the
invertebrates. Sponges, mollusks, crus-
taceans, echinoderms and tunicates can
all be preserved directly in alcohol, but
always make sure there is plenty of pre-
serving fluid in the body cavity to
prevent internal maceration. Sea anem-
ones and jellyfish should never be put in
alcohol because the solution will dehy-
drate and distort them. Therefore a
10 percent formalin solution (nine parts
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of seawater to one part of concentrated
formalin) is recommended. Formalin, on
the other hand, should never be used
in preserving any starfish, sea urchin,
sea cucumber, sponge or homy coral
because the acid breaks down the cal-
careous spicules, rendering the specimen
useless for identification. If, however,
the specimens are preserved in neutral-
ized formalin (one pound of hexameth-
ylenetetramine added to one gallon of
commercial formaldehyde), they will
keep better and even retain some of
their original color. Unfortunately no
procedure has been developed for pre-
serving intact the brilliant colors of
marine fishes and invertebrates.

“After preserving a specimen be sure
to include on an accompanying label
data about the color, size before pres-
ervation and any other features that
may seem diagnostic or liable to be lost
in preserving. The label should also
state where the specimen was collected,
the date, the depth of the water and the
collector’s name. An unlabeled specimen
floating in harsh preservative cannot
supply this information.

“Preparing and preserving marine
animals requires endless time and pa-
tience. A specimen can be well expand-
ed and thoroughly preserved but still
not be a good specimen. Specimens
must be good before preservation. A
squid with all its tentacles and no torn
parts, a sea urchin with no broken
spines or a starfish with all its arms is
classed as a good specimen. If the
animal does not look right before it is
preserved, it certainly will not improve
with age. The collector has approached
perfection if his specimen is well ex-
tended and relaxed and retains at least
some of its natural color.”

Clues to seek in quest of littoral creatures



CIRCUITRY THAT BENDS. A new kind of circuit as thin as paper and nearly as
flexible is being used to miniaturize speech networks in PRINCESS telephones.
A 25 per cent reduction in size provides more room under the housing of the
phone so that new calling features can be added. It consists of copper foil 0.0042
inch thick laminated to plastic film 0.005 inch thick. The conductor path
pattern is created with the etched-foil technique, and the remaining copper
foil is then solder-plated. To mass produce these circuits, Western Electric
engineers developed a process for manufacturing them continuously in roll
form, after which individual circuits are punched out from the roll. So successful
has the new process been that it is now being used to provide flexible circuits
for other applications. Another example of the manufacturing ingenuity by
which Western Electric helps bring America the world’s finest communications.

Western Electric

nufacturing & Supply Unit of the Bell System
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1. ASTRONOMY. fred Hoyle. A
brilliant, lavishly illustrated book
displaying the full range of astro-
nomical achievement over the cen-
turies. Over 400 illustrations and
diagrams, including color repro-
ductions. List Price $12.95

2. MATHEMATICS DICTIONARY.
Glenn & R. C. James, editors. En-
larged, revised edition. Definitions
of over 7,000 terms, concepts and
relationships, with formulas, tables,
mathematical symbols, and four-
language index of basic terms. 546
pages. List Price $15.00

3. PROBABILITY THEORY AND ITS
APPLICATIONS. William Feller. Up-
to-date exposition of probability
theory in terms of mathematical
concepts—amply illustrated with
problems in recurring events
theory, self-renewing aggregates,
etc. List Price $10.75

4. RELATIVITY FOR THE MILLION.
Martin Gardner. Einstein’s revolu-
tionary theories are lucidly ex-
plained—with minimal mathemat-
ics—by the noted contributor to
the Scientific American. Includes
latest confirmations. With many
superb drawings. List Price $6.95

5. THE NATURE OF THE CHEM-
ICAL BOND. Linus Pauling. Newly
revised and enlarged. ‘It would be
difficult to suggest a book better
suited to convey the scope, fasci-
nation, and power of the field of
structural chemistry.””  Philip A
Lyons. List Price $8.85

6. CHESS OPENINGS. [. A. Horo-
witz. An exhaustive guide to every
opening in the repertoire of mas-
ter chess and each significant vari-
ation. ““The greatest aid | have
ever seen for preparing for a tour-
nament.”” Samuel Reshevsky.

List Price $12.50
7. STUDY OF THE EARTH. J. F.
White, editor. Superb introduction
to the earth sciences, from geo-
chemistry through space biology.
With articles by Ewing, Colbert,
other distinguished contributors.

List Price $8.50

RELATIVITY FOR THE MLLIOW
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8. MASERS AND LASERS. M.
Brotherton. A brilliant, non-tech-
nical overview of the principles
and applications of masers and
lasers and their profound impact
in the physical, medical, and com-
munication sciences.

List Price $8.50

9. CHAMBERS’S TECHNICAL DIC-
TIONARY. Tweney and Hughes,
editors. The technical dictionary—
a massive, 1028-page volume that
defines, pronounces over 60,000
terms in 120 branches of science
and technology. List Price $7.95

10. INFORMATION STORAGE AND
RETRIEVAL. Joseph Becker & R. M.
Hayes. A comprehensive overview
of the present state of retrieval
systems—their progress and impor-
tant potential —for the ““exploding’’
field of information sciences.

List Price $11.95
11. POLYOMINOES. Solomon W.
Colomb. Richly illustrated compen-
dium of all the current information
on this geometrical game. With an
excellent introduction to the im-
portant, growing field of combina-
torial analysis. List Price $5.95

12. THE ANCIENT SUN KING-
DOMS. Victor W. von Hagen. A
lavishly-illustrated 620-page vol-
ume recreating the splendor of the
Aztecs, Incas, and Mayas, ancient
peoples whose accomplishments
once rivalled the civilizations of
Europe. List Price $12.50

13. MATHEMATICS FOR THE PHYS-
ICAL SCIENCES. Herbert S. Wilf
Unique integration of seven mathe-
matical disciplines central to the
physical sciences; a modern uni-
fied treatment covering each
method from theory to techniques.

List Price $7.95

14. SYMBOLS, SIGNALS, AND
NOISE. John R. Pierce. Clear intro-
duction to communication theory,
information theory, and cybernet-
ics, covering the most significant
applications to machine behavior,
physics, other areas. List Price $6.50
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by Martin J. Klein
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RuTHERFORD OF NELSON, VOLUME
Two: MANCHESTER, published under
the scientific direction of Sir James
Chadwick, F.R.S. Interscience Pub-
lishers, Inc. ($17.25). RUTHERFORD
AT MANCHESTER, edited by J. B.
Birks. W. A. Benjamin, Inc. ($12.50).
RUTHERFORD AND THE NATURE OF
THE AToM, by E. N. da C. Andrade.
Doubleday & Company, Inc.; Sci-
ence Study Series of Anchor Books
($1.25).

Experimental Physics at the Univer-
sity of Cambridge wrote to The
Times of London; the occasion was the
centenary of Michael Faraday’s discov-
ery of electromagnetic induction. The
professor’s remarks gave an apt descrip-
tion of Faraday, but they could have
served almost as well to describe the
professor, Ernest Rutherford. Among
other relevant sentences we find these:
“Faraday has often been called the
prince of experimenters, and no one
could deny his remarkable powers of
penetration to the root of a subject by a
number of well designed and well ex-
ecuted experiments.... It is a pleasure
today to read his Collected Researches.
... There is everywhere such a fresh-
ness of thought and outlook, combined
with a clarity of exposition, that it is
difficult to recall that most of his work
was written nearly a century ago....
Faraday was more than a great experi-
menter. He was a great Natural Philoso-
pher. He sought by his experiments not
only to accumulate new facts of nature
and to show their relations, but also to
understand the physical processes which
underlie the phenomena under investi-
gation.” Rutherford actually shared each
of the characteristics he properly at-
tributed to his subject.
During that same year of 1931
Rutherford was a guest of honor at a

In 1931 the Cavendish Professor of

BOOAS

Lord Rutherford and the origins
of nuclear physics at Manchester

dinner given by the University of Man-
chester, where he had served as pro-
fessor from 1907 until 1919, a period
that saw some of his greatest achieve-
ments. Rutherford was well aware of
what he had accomplished; he com-
mented in his after-dinner talk: “I owe
a great debt to Manchester University
for the opportunities it gave me for
carrying on my studies. I do not know
whether that University is really aware
that during a few years from 1911 on-
wards the whole foundation of the
modern physical movement came from
the physical department of Manchester
University.” His statement was a bit
strong, but only a little bit, since dur-
ing those years the Manchester group
produced some of the most brilliant ex-
periments and boldest theories our cen-
tury has yet seen—in the work of Hans
Geiger, H. G. ]. Moseley, C. G. Darwin,
Niels Bohr and Rutherford himself, their
unquestioned leader.

Two of the three books under review
deal exclusively with just those Man-
chester years, and E. N. da C. Andrade
also gives them a prominent place in his
outstanding little biography of Ruther-
ford. The primary work is, of course,
Rutherford’s Collected Papers, the sec-
ond volume of which includes all his
scientific articles written at Manchester.
This suitably dignified volume is illus-
trated with contemporary photographs
of Rutherford, his collaborators and sev-
eral climactic pages from his research
notebooks. There are also reminiscences
of the Manchester period by some of his
co-workers and an excellent critical
survey of the period by Norman Feather
that serves as an introduction.

The book entitled Rutherford at Man-
chester had its origins in the Ruther-
ford Jubilee International Conference
held at Manchester in 1961 to commem-
orate the 50th anniversary of “the dis-
covery of the atomic nucleus.” In addi-
tion to several of the retrospective talks
given on that occasion, it includes a
Rutherford bibliography and nine of
the important papers published by the
Manchester group between 1909 and
1919. (Only three of these are by
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Rutherford, and the others are there-
fore not included in the Collected
Papers.) The book also contains four
of the Rutherford Memorial Lectures,
all of them interesting; one of them,
Bohr’s “Reminiscences of the Founder
of Nuclear Science and of Some Devel-
opments Based on His Work,” is an
important document in the history of
20th-century physics.

In order to appraise Rutherford’s
Manchester work we must try to set it
against the background of the physics
of the time and Rutherford’s own earlier
accomplishments.

Rutherford began his scientific ca-
reer in his native New Zealand, starting
research as soon as he had taken his
degree there in 1893 at Canterbury
College in Christchurch. His earliest re-
search was inspired by Heinrich Hertz’s
great work of a few years earlier: the
experimental confirmation of James
Clerk Maxwell’s theory of electromag-
netic waves. Rutherford studied the
magnetic properties of iron at very
high frequencies and used his results
to develop a magnetic detector for
Hertzian waves. Operating completely
on his own, in what Andrade calls “in-
tellectual solitude,” Rutherford devised
the kind of direct and ingenious experi-
ments that were to become his trade-
mark. He was actually on the road that
Guglielmo Marconi would soon follow,
and he could detect signals up to dis-
tances of about half a mile, but he
put aside the chance to make a name
in technology and turned to other mat-
ters. He had gone to England in 1895,
having won a scholarship that enabled
him to become a research student at
Cambridge under J. ]J. Thomson, and
it was Thomson who invited the talent-
ed young man to collaborate with him
on the new problems that had seized
the interest of the scientific world.

It would have been difficult for
Rutherford to have timed his arrival in
Cambridge any more appropriately for
the serious start of his scientific career.
In the fall of that same year Wilhelm
Konrad Roentgen discovered X rays at
Wiirzburg, and physicists everywhere
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took up the challenge of this startling
phenomenon. Thomson and Rutherford
worked on the ionizing effect of X rays
on gases, and on explaining the elec-
trical conductivity of the ionized gas.
Rutherford continued this work on his
own for another year or so, while
Thomson investigated cathode rays and
showed that they were composed of
charged particles of a previously un-
known kind, whose mass was far less
than that of the lightest ions; they were
the particles we have known ever since
as electrons. By 1898 another recently
discovered source of mysterious radia-
tions had captured Rutherford’s atten-
tion, and he set to work on a study of
the radioactivity of uranium. He had
found his own kingdom, and he was to
spend the rest of his life exploring its
absolutely unprecedented riches.

In 1898 Rutherford left Cambridge to
accept the chair of physics at McGill
University in Montreal, and that uni-
versity became the world center for re-
search in radioactivity. When Ruther-
ford arrived at McGill, it was known that
uranium, thorium and the two elements
newly discovered by Pierre and Marie
Curie—polonium and radium—were ra-
dioactive: they emitted rays of some
kind that ionized the air. Rutherford
had himself shown before leaving Cam-
bridge that the radiation from uranium
was complex, consisting of an easily
absorbed component, which he named
the alpha rays, and a second and more
penetrating component, the beta rays.
(Gamma radiation was discovered a
year or two later.) And yet, as Ruther-
ford wrote in the conclusion of his first
paper on the subject: “The cause and
origin of the radiation continuously
emitted by uranium and its salts still
remain a mystery.” By the time Ruther-
ford left McGill in 1907 the mystery
had been transformed into a series of
problems and the major ones had been
solved.

The crux of the matter came in the
work that Rutherford did with the
young British chemist Frederick Sod-
dy, extending the discoveries Ruther-
ford had already made at McGill on
the radioactive products of the decay
of thorium. Rutherford and Soddy pro-
posed, developed and justified the dis-
integration theory of radioactivity,
which Rutherford described in 1908 in
these words: “In its simplest form, the
theory supposes that every second a
certain fraction (usually very small) of
the atoms present become unstable and
explode with great violence, expelling
in many cases a small portion of the
disrupted atom at a high speed. The
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residue of the atom forms a new atomic
system of less atomic weight, and pos-
sessing physical and chemical proper-
ties which markedly distinguish it from
the parent atom. The atoms composing
the new substance formed by the dis-
integration of the parent matter are also
unstable, and break up in turn. The
process of degradation of the atom, once
started, proceeds through a number of
distinct stages.” The general nature and
many of the specific details of these
radioactive decay chains were worked
out at McGill.

Essential to a full understanding of
radioactivity was a knowledge of the
nature of the alpha, beta and gamma
radiation. The beta rays were early
shown to be identical with the electrons
discovered by J. J. Thomson and already
assumed to be among the basic con-
stituents of matter, but the nature of the
alpha rays proved to be a much more
challenging problem and one that
Rutherford made peculiarly his own.
Many of his colleagues and students
have pointed out what Andrade phrases
so neatly: “His favorite individual was,
I think, the brisk little alpha-particle—
and how he made it work!” Rutherford
was the first to establish (in 1903) that
the alpha was a positively charged par-
ticle by deflecting it in electric and
magnetic fields, something not easily
done in those days because of the great
energy and momentum of the alphas.
In the same year he correctly guessed
that the helium always found in radio-
active minerals was derived from the
alpha particles. In a series of pains-
taking experiments Rutherford was able
to show that alpha particles from all
radioactive sources had the same ratio
of electric charge to mass, although
their velocities differed. This charge-
to-mass ratio was consistent either with
a unit charge and a mass twice that of
the hydrogen atom or with a double
charge and a mass equal to that of a
helium atom. This was tempting, yet not
really conclusive, evidence for his hy-
pothesis that the alpha was a doubly
charged helium atom, but it was as far
as Rutherford had gone when he left
Montreal for Manchester in 1907.

At Manchester he joined forces with
his assistant Geiger and directly mea-
sured the charge on the alpha particle.
This meant that they had to be able
to count the alphas, for which purpose
they invented the first particle counter,
the predecessor of the Geiger counter.
The counting process not only proved
that the alpha particle had double the
natural unit of charge; it also gave
the best value then available for this
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basic constant and, as a glorious bonus,
it exhibited the discreteness of matter
in a way Democritus himself would
have relished.

The last link was a simple and elegant
experiment completing the proof that
the alpha particles were charged helium
atoms. Rutherford enclosed his radio-
active source of alpha particles in a
thin-walled glass tube, thin enough to
allow the passage of the alpha par-
ticles but not the diffusion of a gas.
This thin-walled tube was enclosed in
another vessel whose walls were thick
enough to stop the alphas. The outer
vessel was initially evacuated, but after
some days its contents were com-
pressed into a fine tube through which
an electric discharge was passed; the
characteristic spectrum of helium was
plainly visible. It grew stronger if one
waited even longer for more alpha par-
ticles to be caught and neutralized as
helium atoms. This work was done with
the collaboration of T. Royds and Man-
chester’s glassblower extraordinary, Otto
Baumbach, and it was completed in
time to be incorporated into Ruther-
ford’s Nobel lecture in 1908. Ruther-
ford received the prize in chemistry,
and so the lecture, in which he de-
scribed “the long and arduous path
trodden by the experimenter,” was duly
entitled “The Chemical Nature of the
a-Particles from Radioactive Sub-
stances.” He also remarked at the royal
banquet in Stockholm that his own
transformation from physicist to chemist
was faster than any of the radioactive
transformations he had studied!

Rutherford had recognized at least as
early as 1902 that the investigation of
radioactivity might well lead to results
far transcending the explanation of the
phenomenon itself. He wrote then that
it was reasonable to hope that radio-
activity “affords the means of obtaining
information of processes occurring with-
in the chemical atom.” Rutherford’s in-
sight was prophetic but—perhaps for
that reason—it was by no means uni-
versally shared; more than a decade
later J. J. Thomson remarked at the
Second Solvay Congress that one ought
to rest a theory of atomic structure on a
broader base than that offered by radio-
activity. When Rutherford discovered in
1906 that even the enormously ener-
getic alpha particles could be scattered
slightly from their path when passing
through matter, he immediately grasped
the significance of his result: “the atoms
of matter must be the seat of very in-
tense electrical forces.” The scattering
had to be studied more closely to see
what it would show.



At Manchester, Geiger carried out a
series of scattering experiments with
no startling results; he observed scat-
tering through small angles, the slight
deviations that were all one expected
for the massive, energetic alphas. Then
in 1909 Rutherford suggested that Er-
nest Marsden, an undergraduate who
had been helping Geiger in his experi-
ments, look for alpha particles scattered
through large angles—reflected back, as
it were, from the thin metal foils used as
scattering targets. Years later Ruther-
ford told an audience “in confidence”
that he had expected no positive results
from this experiment, and that the de-
tection of back-scattered alpha particles
“was quite the most incredible event”
in his life. “It was almost as incredible
as if you fired a 15-inch shell at a
piece of tissue paper and it came back
and hit you.”

Geiger and Marsden obtained these
results in the spring of 1909. It would
appear that Rutherford recognized at
once that this large-angle scattering
was direct evidence for the intensity
of the electrical forces within the atom,
but he wrote nothing on the subject
for close to two years. What was needed
was a theoretical model of the internal
structure of the atom that would de-
scribe these forces in detail and that
could account for the measurements
of the alpha particle scattering. A num-
ber of models of atomic structure had
been proposed during the preceding |
few years in attempts to understand how
the electrons were built into the atom.
J. J. Thomson in particular had pro-
posed an atom consisting of a sphere of
positive electric charge, with the elec-
trons placed at suitable positions with-
in the sphere to make a stable structure.
In 1910 Thomson calculated the scat-
tering of charged particles by his model,
assuming that individual deflections
were small and that the observed de-
flections came from compound or mul-
tiple scattering. His calculations ac-
counted for experimental results on
small-angle alpha scattering and on beta
scattering but were totally inadequate to
explain even qualitatively the observa-
tions of Geiger and Marsden.

Rutherford seized on the idea that
a large-angle scattering must be a single
event and not the result of many small
deflections and proposed a model of
the atom in which the electrical forces
would be intense enough to produce
such large scattering. This was the nu-
clear model of the atom that appeared
in print in the spring of 1911, almost
two years after the report by Geiger
and Marsden. All Rutherford’s predic- |
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tions about the variation of the scatter-
ing with angle, with alpha particle ve-
locity and with target material and
thickness were confirmed in detail by
new experiments undertaken by Geiger
and Marsden as soon as Rutherford told
them that “he now knew what the atom
looked like.” Rutherford’s vision of the
atom is still basically unchanged: a very
small central charge, carrying almost
all of the atom’s mass, surrounded by a
sphere of opposite charge, very thinly
spread. The small, massive nucleus was
soon shown to be positively charged, so
that the outer compensating charge dis-
tribution consisted of electrons.

Reading Rutherford’s paper that in-
troduced the nuclear atom, we are im-
pressed almost as much by what he did
not say as by what he did say. He made
no attempt to face the question of the
radical instability of his atom, nor to
use it to account for any of the physical
or chemical properties of matter. It
would hardly be an exaggeration to say
that he had no model at all in any
sense that J. J. Thomson would rec-
ognize: Rutherford had written the
prolegomena to any future model of the
atom. Whatever went into the construc-
tion of an atomic model, it would have
to exhibit the nuclear structure neces-
sary to account for large-angle alpha
scattering. Rutherford was no theorist,
but he knew what a theory would have
to do.

One of Rutherford’s most striking
characteristics is precisely the distance
he kept between himself and the theo-
retical work of the day. He was able to
do the most significant experimental
work of his era, an era that saw the
transformations of ideas demanded by
relativity and the quantum theory, and
yet to maintain the simplicity of his
own classical approach. The stories of
his pointed jibes at theorists abound.
In 1934, for example, he wrote to En-
rico Fermi, who had just sent him the
report of the first neutron experiments
done in Rome, and remarked: “I con-
gratulate you on your successful escape
from the sphere of theoretical physics!”
Perhaps the most typical of his remarks
in this vein was his comment on the-
orists: “They play games with their
symbols, but we, in the Cavendish, turn
out the real solid facts of Nature.”

One must beware of exaggerating the
simplicity of Rutherford’s attitude to-
ward theory, for one cannot overlook
his relationship with Bohr. Bohr, who
had come to Manchester in March,
1912, not only took up Rutherford’s nu-
clear atom but also saw that a real
atomic model would have to combine
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the key idea of the Planck-Einstein
quantum theory with Rutherford’s
views. Bohr’s theory of atomic structure,
as presented in the three great papers
of 1913, was as bold as a theory can be,
but Rutherford quickly came to ap-
preciate its power even if not all its
subtleties. In an essay reprinted in
Rutherford at Manchester Bohr de-
scribes the intellectual and moral sup-
port he received from Rutherford over
the years, and particularly in the early
days of the theory of atomic structure.
(This essay nicely complements Bohr’s
more famous description of his extended
dialogue with Einstein on the founda-
tions of physical theory.) But even if
we recognize that Rutherford’s public
and private remarks on theoretical phys-
icists “with their tails up” did not ex-
press all the shadings of his attitudes, it
remains true that he could and did
work with an absolutely minimal con-
tact with current theory, one sign of
how far removed Rutherford’s era now
seems.

The other achievements of the Man-
chester period can be read in the vol-
umes at hand: the identification of the
gamma rays as very-high-frequency
electromagnetic waves, the struggle to
understand the relation between beta
and gamma emission and X-ray emis-
sion (a struggle not resolved in the
Manchester days), Moseley’s work on
the X-ray spectra of the elements and
its confirmation of the Bohr-Rutherford
atom, and more. The era ended, along
with so much in European life, with
the outbreak of war in 1914. Ruther-
ford’s young men went off to the
trenches and he himself spent several
years in war research, being particu-
larly concerned with the problems of
submarine detection. He was able to
get back to his own research gradually
in 1917 and proceeded to follow up
some work on the collision of alpha
particles with light atoms that had been
begun by Marsden in 1914.

These experiments were reported in
four papers published in 1919, the last
of which, “An Anomalous Effect in Ni-
trogen,” described an exciting result
under its rather drab title. Rutherford
had broken up the nucleus of the nitro-
gen atom by bombardment with alpha
particles. The experiment had shown
that energetic protons were produced
by the bombardment, which means, as
Rutherford wrote, “that the nitrogen
atom is disintegrated under the intense
forces developed in a close collision
with a swift a particle, and that the
hydrogen atom which is liberated
formed a constituent part of the nitro-
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gen nucleus.” This first man-made nu-
clear reaction really marked the begin-
ning of experimental nuclear physics,
even as it marked the close of Ruther-
ford’s Manchester period.

Andrade, whose reminiscences of his
Manchester days with Rutherford ap-
pear in both large volumes under dis-
cussion and at greater length in his
book, makes a major point of the great
gulf that separates us from the world of
those days. The most obvious difference
is, of course, the scale on which physics
is done now. The size of the modern
particle accelerators, the enormous cost
of supporting them, the vast auxiliary
staff they require—all of these are in
sharp contrast to Rutherford’s devoted
little band of experimenters at Man-
chester, working on an annual equip-
ment budget of a few hundred pounds
and getting their results with table-top
experiments. These contrasts do not lie
on the surface alone; the whole char-
acter of current high-energy physics
differs profoundly from what was prac-
ticed in Rutherford’s laboratory. Many
experiments now demand two or three
or more senior physicists as well as sev-
eral younger postdoctoral people to con-
ceive and execute them, along with the
resources of an accelerator group and
the staff of a large computer to reduce
the data to interpretable form. The
effort that goes into acquiring new
results is staggering compared with
what was required half a century ago.

The differences appear in other ways.
Rutherford’s papers were written to be
read; they were not addressed to the
general public, but they were surely
accessible to a wide scientific commu-
nity. As E. V. Appleton remarks in the
introduction to Volume One of the Col-
lected Papers, Rutherford’s writing is
characterized by an “economic and mas-
culine style.” His descriptions of experi-
ments are genuine descriptions, at times
retaining a little of the flavor of a re-
search notebook. It is clear that the
object of the investigations is the under-
standing of the natural world. Un-
fortunately none of the statements in
this paragraph can be applied to the
overwhelming majority of articles re-
porting current research in physics,
whose audience-to-author ratio often
seems to be approaching unity.

Andrade remarks that “our universi-
ties have, inevitably and properly, be-
come . . . factories for producing degrees
and discoveries, which they do with
great efficiency.” Elsewhere he describes
the goal of his little book as being “to
try to present to the keen young gen-
eration of today a picture of what the
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Phillips (“Caliban’). 100 puzzles, solutions: odds in
cards and dice, permutations, problems in geometry,
algebra, etc. A challenging delight. x + 1

Paperbd $1.00

119. MY BEST PUZZLES IN LOGIC & REASONING,
H. Phillips (““Caliban”). Only clear, straight t,hmkmg
solves all 100 of these inferential and logical puzzlers,
Full solutions, just in case. x + 107pp. Paperbd. $1.00

415. BEST GHOST STORIES OF J. S. LeFANU, ed.
by E. F. Bleiler. 17 samples from the pen of mid-19th-
century writer deemed by many the greatest exponent of
the genre Many available in U. S. for first time! 8 ills.

467p. Paperbd. $2.00

1120 PRINCIPLES OF ANIMAL PSYCHOLOGY,
N. R. F. Maier, T. C. Schneiler. Definitive Lreatment
of development of animal behavior, comparative psych. of
all animals. Supplement: 5 later papers. 155 ills., tables.

83pDp. Paperbd. $3.00

380. BASIC THEORY & APPLICATIONS OF TRAN-
SISTORS, U. S. Dept. of Army. Introductory manual,
probably the best at-home course for hobbyists, students
now on the market. 240 large, labeled diagrams. 272pp.
6% x9%. Paperbd. $1.25

1099. THE FRIENDLY STARS, Martha Evans Mar-
tin. Winter is star-gazing time and here is the best
beginner’s guide to naked eye observing. Revised by Dr.
Menzel, Harvard. 23 new ills. by Prof. Ching-Sung Y1ii,
Hood Collegc. xii 4+ 147pp. Paperbd. $1.00

1238. INTRODUCTION TO HIGHER ALGEBRA,
M. Bocher. Brief but full; elegant presentations; con-
crete; theorems neglected elsewhere—that’s why this
has been a highly respected text for over 50 years! 212
problems. x + 321p Paperbd. $2.00

1134. DON GIOVANNI BY MOZART, trans., ed. by
Ellen Bleiler. Perhaps THE perfect opera newly trans.
(with all repeats) into idiomatic English, illustrated with
93 photos, drawings, etc. Iull Italian text, musical
themes, biographies, history of early pertormances much
more. 209pp. Paperbd. $1.00

1121. ENGINEERING MATHEMATICS, K. S. Miller.
Strengthen your math background in differential equa-
uons practical techniques of solution. 89 ills.  xii 4
417pp. 6 x 8. Paperbd. $2.00
1176- 7. A COURSE IN MATHEMATICAL ANALY-
SIS, VOL. 111, Edouard Goursat. In Eng. for first
time! Pt. I: Variation of Solutions, Partial Inﬁerenual
Equations. Pt. 11: Integral Equations, Calc. of Varia-
tions. 28 figs. xxi 4+ 318pp. Two vols., Paperbd. $5.50
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A brand new book for math puzzle fans . . . from Dover!

RECREATIONS IN THE
THEORY OF NUMBERS—The

Queen of Mathematics Entertains
by Albert H. Beiler

$2.00

will find the author’s approach to this subject, by way of
its challenging recreationalaspects, both unorthodox and
unbeatable.

The text is extremely clear, even for math laymen. It
bears convincing evidence of the author’s deep sense of
humor and his outstanding ability to light the way along
the most difficult trails. Amazingly, only high school
math is actually needed to master the fundamental
theory presented.

The only book of its kind now on the market, this is a
Dover original, never before published. It is challenging,
stimulating and valuable all at once—a must for math
students as well as for all puzzle-problem enthusiasts.

A Dover original. Bibliographies. Solutions to text puz-
zles, plus 100 additional puzzles, solutions. 28 figures.
103 tables. xviii + 349pp. 1096. Paperbd. $2.00

1209. DESIGN & FIGURE CARVING, E. J. Tanger-
man. Endless array of design ideas for hobbyists, ma-
terial on tools, techniques, decorative styles, etc. 1,298
ills. x + 289pp. Paperbd. $1.85
1234. MIRRORS, PRISMS & LENSES: A Textbook
of Geometrical Optlcs, James P. C. Southall. Lights
and shadows, reflection, astigmatic lenses, compound
systems, the eye, bmocular vision—all covered fully by
top authority. 329 ills. xxiv 4+ 806pp. Paperbd. $3.50
1261. BEETHOVEN: The Man & the Artist as Re-
vealed in His Own Words, ed. by F. Kerst, H. E.
Krehbiel. Notes from Beethoven's diaries, letters
journal, etc. give us an unparalleled v1ew of the whole
man. 323 observations. D. Paperbd. $1.00
1212. SYSTEMATICS & THE ORIGIN OF SPECIES,
Ernst Mayr. What Iacmrs influence species formation ? 4
Just what is a species ? etc. Completely accessnble to
non-specialists. 14 tables. 29 figs. xviii + 334p

Paperbd‘ $2.25
1237. CONCEPTS & METHODS OF ARITHMETIC,
M. C. Volpel. “Whys’” and ‘"hows’ of arithmetic opera-
tions in different bases, ratio, percentage, area, statistics
short cuts, etc. 533 exercises, answers. 362p

apexbd $2.25

767. GHOST & HORROR STORIES OF AMBROSE
BIERCE, ed. by E. F. Bleiler. A too-often ignored side
of the inimitable Bierce now exposed in a new Dover col-
lection! 24 chillers, complete. ‘‘Highly desirable vol-
ume,” Boucher, NY 'TIMES. 199pp. Paperbd. $1.00
713. PAPER FOLDING FOR BEGINNERS, W. Mur-
ray, F. Rigney. A Dover classic; easiest, clearest in-
structions available for origami, etc. 95pp.

Paperbd. $1.00
1198. THE DISCOVERY OF RADIOACTIVITY &
TRANSMUTATION, ed. by A. Romer. Vol. Il in our
‘“‘Classics of Sci.” series: 16 original papers by Ramsay,
Becquerel, the Curies, etc. on phosphorescence, uranium,
related discoveries. Connective notes. 44 ills. 246pp.

Paperbd. $1.65
1271. MOZART & HIS PIANO CONCERTOS, C.
Girdlestone. A composer for all times and tastes, and
the 23 concertos that are among the world’s best-loved
music. 417 musical excerpts. Theme guide. 509p;

Pa erbd sz 25

1007. CHANCE, LUCK & STATISTICS, H. C. Levin-
son. Imroductlon to probability, statlsclcs by way of
everyday applications. “‘Clear and livel ; remarkably
accurate,” SCIENTIFIC M'THLY. 3 2pp

Paperbd. $1.85

987. THE MODERN THEORY OF MOLECULAR
STRUCTURE, B. Pullman. First Eng. trans. of a
concise survey of recent developments. Minimal tech-
nical background needed. 94pp Paperbd. $1.00

All books 534 x 8% wunless otherwise indicated.

Dept. 500, Dover Publications, Inc., 180 Varick St.
, N. Y. 10014. Please send me the following:

I am enclosing $___ Pay-
ment in full must accompany all orders, except those
from libraries or other public institutions, who may

in full payment.

be billed. (Please add 10¢ per book for postage and
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Oxford

The Flight
of Thunderbolts

Second Edition

By Sir BasiL ScHONLAND. Starting with an
account of the thunder magic of primitive
peoples, the author goes on to give the his-
tory of lightning damage to buildings and
ships before the invention of the lightning
rod. He then describes Franklin’s experi-
ments and their sequel. The second edition
contains extensive revisions made in the
light of recent scientific research. The new
edition includes further information about
protection of buildings and power lines
against lightning and examines whistler
atmospherics and artificial rainmaking.
6 halftones, 3+ text-figures. $4.80

The Genera of
Flowering Plants

Volume I: Angiosperms,
Dicotyledons

By Joun HurcHinsoN. This is the first of
eleven volumes that are planned as a modern
descriptive key to all the genera of flowering
plants. It is intended for the botanist and
uses scientific names and concise scientific
terminology and references that will not be
useful to the amateur gardener or nature en-
thusiast. Families described in this volume
starting with Magnoliaceae and ending with
Fabaceae fall in the following seven orders :
Magnoliales, Annonales, Laurales, Dilleni-
ales, Coriariales, Rosales, Leguminales.
Numbers of species within each genus are
given and a type genus is named. $20.20

Dynamics in Metazoan
Evolution

The Origin of the Coelom

and Segments

By R. B. CLARK, University of Bristol. This
book offers a fresh approach to the old prob-
lems of the evolution of advanced types of
animal structure, including the development
of a coelom and other secondary body cavi-
ties, and various kinds of segmentation. The
principles of comparative morphology which
relate to such major trends in metazoan phy-
logeny are analyzed, and the dynamic and
mechanical attributes of animals at different
levels of structural complexity are discussed
in detail. 123 figures, 16 plates. $7.70

Experimental Cartography

Report on the Oxford
Symposium, October 1963

Edited by the Cartographic Department of
the Clarendon Press, Oxford. This report
presents the abridged proceedings of a recent
Oxford Symposium on Experimental Car-
tography, which brought together 51 special-
ists in science, economics, history, geography
and cartography. The focus is on broad im-
plications rather than technical production
details. Topics covered are industry, geology,
demographic distribution, climate, transport,
vegetation, flora and fauna, history and ar-
chaeology, hydrography and oceanogr?‘)‘hgd

Oxford University Press
New York
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pursuit of scientific discovery was like
before it became a profession”—a goal
he achieves most solidly. This too is
part of the great gulf to which I have
referred. One cannot educate the rapid-
ly growing membership of a lucrative
and attractive profession to have the
attitudes and aims that once inspired
the happy few.

Several questions kept obtruding
themselves as I read Rutherford’s works.
Would such a man find the complete
fulfillment of his enormous abilities in
the physics of today? Has our science
become so institutionalized and complex
that a man like Rutherford, who liked
to have all the strings in his own hands,
would not be able to work in it? Has
physics become so baroque that a mind
like Rutherford’s, with simplicity as its
self-chosen description, would feel out
of place?

No one anecdote characterizes a man,
but one at least seems to have the
real Rutherford flavor. When young
Emilio Segré and Edoardo Amaldi went
to Cambridge in the summer of 1934 to
discuss the Rome group’s experiments
on neutron-induced radioactivity, Lord
Rutherford was most interested in their
results. Segré asked him if the paper
describing this work would be pub-
lished quickly by the Royal Society,
to which the great man replied: “What
did you think I was President of the
Royal Society for?”

Short Reviews

ANAXAGORAS AND THE BIRTH OF PHys-
1cs and ANAXAGORAS AND THE
BirtH oF SciENTIFIC METHOD, by
Daniel E. Gershenson and Daniel A.
Greenberg. Blaisdell Publishing Com-
pany (310 and $1.45 respectively).
Anaxagoras, who in these volumes is
called the first experimental and theo-
retical scientist, was born about 500
B.C. in Ionia and came to Athens, the
first city of Greece, when he was about
20 years old. He was at once accepted
into the highest intellectual circles and
after a time attracted many students,
to whom he transmitted his teachings
orally. He also prepared a written
treatise but this was lost, so the only
sources for the study of his work are
partial accounts and fragments found in
other writings of antiquity. Assuming
the reliability of at least some of this
material, it can be argued that Anax-
agoras was indeed the first true natural
philosopher. The case is well presented
in these two volumes by Gershenson,
a classical scholar, and Greenberg, a
theoretical physicist—a happy collabo-
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ration. Their main thesis is that Anax-
agoras not only propounded a compre-
hensive and in many ways brilliant
theory of the nature of the physical
world but also supported the theory
with experimental demonstrations. The
far-flung net of his theory enveloped the
constitution of matter, dynamics, mind
and the theory of perception, the cre-
ation of the world, optics, meteorology,
astronomy, the earth sciences and bi-
ology. With respect to each of these
he had remarkable insights—as well as,
understandably, a host of prodigious
misconceptions. Even his errors were
not haphazard conjectures or mystical
intuitions but rather the result of ob-
servation (however imperfect) and the
logical development of hypotheses. In
the larger volume the collaborators give
a summary of his views, quote the
sources from which they are derived,
discuss ancient and modern views of
Anaxagoras and survey modern in-
terpretations of his work. There is also
a bibliography of the ancient and
modern sources. The smaller volume, a
paperback, consists of the first portion
of the major work: a sketch of Anaxag-
oras’ contributions. Altogether a pene-
trating and often fascinating labor of
analysis and scholarship that may well
be a landmark in the history of science.

COSMIC Rays, by Bruno Rossi. Mc-

Graw-Hill Book Company ($5.95).
The discovery of cosmic rays began in
a mystery. The mystery was the rather
wayward behavior of electroscopes,
which, as 19th-century physicists had
repeatedly observed, do not hold their
charge indefinitely. The question was
why. Many theories were advanced to
explain this leakage of charge but none
seemed wholly adequate. One thing be-
came increasingly clear, namely that the
molecules in the air surrounding the
leaves of the electroscope were being
ionized. It was suggested that the cause
of the ionization was radioactivity of
materials in the earth. This explanation
was only partly true, and it fell far short
of explaining the leakage phenomenon.
Another notion was that unknown par-
ticles coming from the upper atmo-
sphere were the ionizing culprits. Ion-
ization experiments conducted in the
first decade of this century on high
places such as the Eiffel Tower were in-
conclusive. On August 7, 1912, the late
Victor F. Hess made a balloon ascent
from a field near the town of Aussig in
Austria, carrying in the gondola three
electroscopes of the kind being used to
detect the radiation emitted by radium
and other substances. Hess watched the
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electroscopes and recorded their fluc-
tuations, and when the balloon finally
landed some 125 miles from Aussig, he
had a mass of data that for three months
he submitted to intensive analysis. In
Physikalische Zeitschrift for November,
1912, he presented a series of conclu-
sions of profound scientific consequence.
“The results of my observations,” he
wrote, “are best explained by the as-
sumption that a radiation of very great
penetrating power enters our atmo-
sphere from above.” As Rossi rightly
observes, this was the beginning of one
of the most extraordinary adventures in
the history of science. The story of this
adventure, which opened up the intri-
cate world of high-energy physics, is
told in this book. Rossi, himself a fore-
most student of the subject, is always
clear and sustains his narrative with a
true appreciation of its excitement and
drama. He stays away as much as pos-
sible from the mathematics and the
highly technical aspects of the subject.
His book is the best introduction to
cosmic rays known to this reviewer and
is comprehensible to any literate person.
Illustrations.

HE WoRLD or Bmps, by James

Fisher and Roger Tory Peterson.
Doubleday & Company, Inc. ($22.95).
There are today more than 8,500 species
of birds. This abundantly illustrated
book by two established naturalists and
ornithologists does not undertake to
describe all of them systematically, but
it does give a large amount of informa-
tion about the world’s bird families in a
most palatable way. The alpine chough
can fly as high as the top of Everest;
the sociable weavers make coarse straw
canopy nests that house up to 300
pairs of birds; the elephant bird, now
extinct, laid eggs that were 14% inches
long and weighed about 27 pounds;
the budgerigar can “learn nearly as
many English words as some English-
men, 4nd can even associate some of
them with objects, sounds or times in
its environment”; the tethered baya
weaver, when rewarded with millet,
can learn to thread beads on a tasseled
cord using a three-inch needle, held

half an inch from the tip, in its beak; '

golden eagles trained by the Tadzhiks
of the U.S.S.R. can take 30 to 50 valu-
able foxes a year; most of today’s nest
boxes and feeding stations are based on
designs made by Baron von Verlepsch
of Schloss Seebach in Germany, who in
the 1880’s became obsessed with the
care of wild birds in the interest of in-
sect control and aesthetics; the British
now have “Old Bird Ties” in the tra-
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THE MYSTERIOUS

SENSES OF
ANIMALS

Vitus B. Dréscher. The mar-
vels of behavior and psy-
chology in animals around
us as revealed by modern
science. “A highly adroit re-
porter exploring a rapidly
expanding field . . . plunges
the reader into a whirl-wind
of believe-it-or-not facts. ..
entertaining.”

—N. Y. Times Book Review
Illustrated. $5.95

HYDROSPACE

Martin Caidin. The well-
known author of over 40
books on military science and
space exploration tells the full
and far-ranging story of the
experiments and accomplish-
ments in the little-known
world of hydrospace—the
mysterious and important re-
gion beneath the seas.

INlustrated. $5.95

| COME FROM
THE STONE AGE

Heinrich Harrer. The re-
nowned explorer and author
of SEVEN YEARS IN TIBET
presents his daring adven-
tures during his incredible
expedition into the interior
of New Guinea to climb the
Carstensz Pyramid, an ice-
capped mountain standing
almost at the equator—in a
jungle land of natives as
primitive as Stone Age man.
The vivid description and
superb photographs make
this an unforgettable experi-
ence. Illustrated in color and
black and white. $6.95

¥ . P. DUTTON & CO.

201 Park Ave. South, N.Y., N.Y. 10003
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dition of old school ties. With the help
of such out-of-the-way facts, oddments
and anecdotes the authors describe the
life and habits of birds, birds of the
past, bird distribution, bird society,
bird watching and, in a final chapter,
the relation between birds and man. An
entertaining and instructive all-around

bird book.

ITTSBURGH, by Stefan Lorant. Dou-

bleday & Company, Inc. ($12.50).
At first glance there is no reason why
this “Story of an American City” should
be anything but a nonbook. Who except
a resident of Pittsburgh would want to
buy a huge 500-page picture gallery
beginning with lithographs of Pitts-
burgh as a fort in the wilderness and
running through an aerial photograph
of the city in 1963, a courtship scene in
Schenley Park and a photograph of a
messy young married couple shopping
downtown? Surprisingly enough, how-
ever, this overblown production by Lo-
rant, who specializes in such things,
attains something of the status of a
book and is at times a gripping piece of
literature. This is due in part to the
photographs—some of which are very
good, although there are far too many
banal street scenes, meaningless to any-
one but a Pittsburgher—and even more
to a number of excellent essays on such
topics as labor problems (Henry David),
the entrepreneurs of that shockingly
prosperous city (John Morton Blum), the
muckraking era (Gerald W. Johnson)
and the growth of the city (Oscar
Handlin). These give the reader a re-
markable, many-angled view of how a
typical American industrial center came
into being. Cruelly exploited Hunkies
and Trish immigrants, hard-driving trad-
ers and businessmen, aristocrats and
plutocrats together made a city of visible
shape and distinctive character, neither
the best nor the worst of American cities
but the product alike of bitter conflict
and common interests.

Iﬁ[ISTORY ofF CARTOGRAPHY, by Leo

-+ Bagrow, revised and enlarged by
R. A. Skelton. Harvard University Press
($19.95). Published originally in Ger-
man by a leading student of cartography
and now issued in English as revised
and enlarged by the Superintendent of
the Map Room at the British Museum,
this book examines the maps of various
periods and cultures from early an-
tiquity to the 18th century, delineated
on materials ranging from stone, clay
and leather to metal, cloth, silk, parch-
ment and paper. Richly illustrated by
more than 200 reproductions in black-
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and-white and color, it is not only a
handsome volume but also one that
affords an engrossing account of the evo-
lution of man’s ideas about different
parts of the surface of the earth and his
methods of recording his notions to
guide and inspire him. One extra-
ordinary item is worth specific mention:
the Micronesian sailing charts of the
Marshall Islands. They are made of
lengths of palm fiber tied together by
threads of coconut fiber so that they
point in various directions; the threads
represent the prevailing wave crests and
the directions they take as they ap-
proach islands (which are represented
by shells attached at the intersections)
and meet other similar wave crests
formed by the ebb and flow of breakers.
It is these wave patterns, we learn,
rather than the currents that play the
most important role in navigation among
the islands and channels.

TIIE Freup JourNaL oF Lou AN-

DREAS-SALOME, translated and with
an introduction by Stanley A. Leavy.
Basic Books, Inc. ($4.95). Lou Andreas-
Salomé, a Russian-born novelist, poet,
essayist and psychoanalyst who died
in Gottingen in 1937 at the age of
76, was, as Ernest Jones says in his
The Life and Work of Sigmund Freud,
“a woman with a remarkable flair for
great men.” Among these were Rainer
Maria Rilke, Friedrich Nietzsche and
Freud. She was almost 50 when she
came in contact with the psychoanalytic
movement in Vienna in the years 1912~
1913. She attended the lectures of
Freud, Alfred Adler and others and al-
most immediately impressed Freud as
one who grasped the deeper mean-
ings of his theories as surely as he did
himself. This journal covers the two-
year period; it reports her participa-
tion in psychoanalytic activities and
also expresses her own ideas and re-
actions. Much of the writing is either
terribly involved or impenetrably tur-
gid, but parts of the book, particularly
those in which she discusses problems
of femininity, sexuality, infidelity and
narcissism, are uncannily and exquisite-
ly perceptive.

COLLECTED EXPERIMENTAL PAPERS OF
P. W. BribemanN. Harvard Uni-
versity Press (seven volumes, $100). A
reprint of some 200 of the late Percy
Bridgman’s experimental papers, most
of which deal with high-pressure phe-
nomena, in which field he was the lead-
ing investigator of his time. Bridgman
participated in the selection of the pa-
pers, added commentaries on many of
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them and prepared an introduction. It
is scarcely necessary to say that this
body of work represents a major con-
tribution to physics and is a fitting
memorial to so gifted a man, but it is
important to add that Bridgman’s skill
as a writer graces almost every page
of these highly technical volumes, and
that even one who is not conversant
with high-pressure physics will derive
satisfaction from reading Bridgman’s
beautifully simple yet precise descrip-
tions of his researches. Two excellent
examples of Bridgman’s literary abilities
as a scientific explainer are a 1914
paper, “The Technique of High Pressure
Experimenting,” and his Nobel lec-
ture, “General Survey of Certain Re-
sults in the Field of High Pressure
Physics.”

THE PeorLEs OF SIBERIA, edited by

~ M. G. Levin and L. P. Potapov.
The University of Chicago Press ($20).
This book, first published in the U.S.S.R.
in 1956, is an anthropological survey
of 30 native Siberian peoples, from the
Buryats, Yakuts and Altais of the
south to the Chukchis, Eskimos and
Korvaks of northern Siberia and the Far
East. For each group information is
provided about occupation, dwelling,
dress, food, social organization, religion
and contact with the Russians; there are
also historical chapters on the ancient
population of Siberia and its culture
and physical anthropology.

Notes

THE THUNDERSTORM, by Louis .
Battan. The New American Library
(60 cents). A compact, informative and
agreeable account of what is known
about thunderstorms and of the many
lines of research, including exciting and
dangerous aircraft explorations, that are
enlarging our understanding of this
fascinating phenomenon. Paperback.

A History oF EcypT, by James Hen-
ry Breasted. Bantam Books, Inc. ($1.25).
In spite of the fact that this history
was published more than half a century
ago and great advances have since been
made in Egyptology, it remains one of
the finest and most attractive works on
the subject. Paperback.

Tue Boox oF OrLp CLOCKS AND
Wartches, by Ernst von Bassermann-
Jordan. Crown Publishers, Inc. ($20).
The fourth edition, fully revised by
Hans von Bertele, of Bassermann-Jor-
dan’s noted handbook covering clocks,
watches and other timekeeping instru-



ments from ancient times through the
19th century. Hundreds of pictures and
color plates; a delicious book.

MECHANISMS OF THE GENERATION OF
PLaNE Curves, by I. I. Artobolevskii.
The Macmillan Company ($12). A lead-
ing Soviet mathematician explains the
different forms of kinematic linkages,
much of the material being based on
his original researches over many years.

Tue First ONE HUNDRED YEARS oOF
AMERICAN GEOLOGY, by George P. Mer-
rill. Hafner Publishing Company ($15).
A reprint of a work first published in
1924 and acknowledged to be the best
history of American geology.

Puysics oF THE AIr, by W. J. Hum-
phreys. Dover Publications, Inc. ($3). A
paperback reprint of the third and final
edition of a standard work of physical
meteorology, the most enduring section
of which deals with atmospheric optics.
Many illustrations.

MystERIUM ContuncTionss, by C. G.
Jung. Pantheon Books ($7.50). This
14th volume in the “Bollingen Series”
collected works of Jung, originally pub-
lished in German in 1955-1956, was
his last major book and consists of a
study of the relation between alchemy
and psychology.

ScieNce 1IN CzECHOSLOVAKIA, by
Vladimir Slamecka. Columbia Univer-
sity Press ($6). A guide to the organiza-
tion, topics and information sources of
research in the natural and technical
sciences in Czechoslovakia.

THE ArRcHEOLOGY OF CAPE DENBIGH,
by J. L. Giddings. Brown University
Press ($12.50). A specialized, scholarly
report and analysis of archaeological
excavations conducted between 1948
and 1952 at Cape Denbigh in Alaska.
Many illustrations.

GRAVITATION AND RELATIVITY, edited
by Hong-Yee Chiu and William F. Hoff-
mann. W. A. Benjamin, Inc. ($15.75).
The papers in this volume deal with
the fundamental concepts and experi-
mental foundations of gravitational the-
ory in the light of present-day research.

TaE PuysioLocy oF INsecTa, VoL-
uME I, edited by Morris Rockstein. Aca-
demic Press ($22). The first volume of
what is intended to be a multivolume
treatise bringing together the known
facts and the many questions and un-
solved problems of insect physiology.
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NEW FROM CALIFORNIA

KEPLERS' DREAM JOHN LEAR

The first complete English translation of Kepler's 17th-century

masterpiece describing a voyage to the moon. $5.00
WHALES, DOLPHINS, AND PORPOISES

Edited by KENNETH S. NORRIS. $15.00
PHILOSOPHIC FOUNDATIONS OF QUANTUM
MECHANICS

HANS REICHENBACH $4.00
THE CONQUEST OF TUBERCULOSIS

SELMAN WAKSMAN. The Nobel Prize Winner's contribution

in controlling the “white death." - $5.00
MATHEMATICAL THEORY OF OPTICS

R. K. LUNEBURG $12.50
THE BASIC LAWS OF ARITHMETIC

Exposition of the System. GOTTLOB FREGE $5.00

HUMAN ENGINEERING GUIDE FOR EQUIPMENT

DESIGNERS wesLeY E. WOODSON and DONALD W. CONOVER

Second, revised edition. $10.00
ELECTRICAL CORONAS LEONARD B. LOEB
Their Basic Physical Mechanisms. $14.00
THE GULF STREAM HENRY STOMMEL

A Physical and Dynamical Description. Second, revised edition $6.00

CLOUD STRUCTURE AND DISTRIBUTION OVER THE
TROPICAL PACIFIC OCEAN

JOANNE S. MALKUS and HERBERT RIEHL $7.50
ANALYSIS AND SYNTHESIS OF LINEAR TIME-
VARIABLE SYSTEMS

ALLEN R. STUBBERUD SCIENCE SURVEYS 1 $4.75

OPERATIONS RESEARCH: PROCESS and STRATEGY

DAVID S. STOLLER SCIENCE SURVEYS 2 $5.00

Science Surveys is a series on applied science, applied mathematics,
engineering, and related fields. The two titles listed above and others
scheduled to appear soon, have special relevance to modern industry.

BRAIN FUNCTION. VOLUME | Edited by MARY A. B. BRAZIER

UCLA Forum in Medical Sciences, No. 1 $10.00

VERTEBRATE EMBRYOLOGY

RICHARD M. EAKIN

A Laboratory Manual $3.50
DRUG DOSAGE IN LABORATORY ANIMALS
A Handbook. C. D. BARNES and L. G. ELTHERINGTON $8.00

THE LIVES OF DESERT ANIMALS IN JOSHUA TREE
NATIONAL MONUMENT

ALDEN H. MILLER and ROBERT C. STEBBINS $10.00

((f‘ UNIVERSITY OF CALIFORNIA
‘-d PRESS

BERKELEY » LOS ANGELES « NEW YORK
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THE BEST TELESCOPES WILL HAVE QUARTZ MIRRORS

Half the Questar telescopes we now produce have
mirrors made of quartz. We started using this
precious material back in 1957 because quartz
mirrors are the very best obtainable. When we
take one from a warm room into colder outdoor
air, quartz resists the thermal shock about 5
times better than Pyrex low-expansion glass. The
superiority of quartz lies in this greater stability
of the crystal.

The price of fused-quartz disks is awfully high
because they are terribly difficult to construct. A
raw disk 61 inches in diameter costs $250,000.
Since the cost and weight of such disks, like 3-
dimensional objects generally, increases as the
cube of a dimension, and not as the square, you
can readily understand why there are only a few
hundred telescopes with quartz mirrors in the
entire world. We ourselves have probably made
most of them.

As you may know, we still have to make each
aspheric set of Questar optics at least 3 times,

© 1965 SCIENTIFIC AMERICAN, INC

until its resolving power is astonishing, and each
will support images that do not break down at
more than 800 diameters. This unusual ability to
resolve, coupled with small aperture, allows these
little fellows to pierce indifferent seeing like a
thin rapier when larger apertures are more se-
verely damaged by heat waves in the air.

This is the Questar idea, the Questar secret.
In the 8 years of research we spent before mar-
keting our product, we sought and found the
best size to make it; we looked for the point
where the greatest number of favorable factors
came together. That point turned out to be at
only 3.5 inches aperture instead of the 5 inches
with which we started. Our portable telescope
proved to be most efficient when delightfully
small in size but of transcendent quality.

This very smallness becomes another favorable
factor. You yourself may now enjoy the luxury
of owning a real quartz-mirrored telescope for
only $100 extra.

Questar is the finest and most versatile small
telescope in the world. Prices begin at $795.
Send for your copy of the new 40-page booklet
with 8 pages of color and much general infor-
mation, with essays on optics, seeing and tele-
scopic photography. One dollar postpaid in
U. S., Mexico and Canada. By air to West
Indies and Central America, $2.30. By air to
Europe, N. Africa and S. America, $2.50. By
air to Australia and elsewhere, $3.50.

QUESTAR

BOX 20 NEW HOPE, PENNSYLVANIA
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GET READY FOR THE SPACE and SCIENCE ERA! SEE SATELLITES, MOON ROCKETS CLOSE uP

AMAIZING OPTICAL BUYS <

*.and OTHER SCIENTIFIC BARGAINS

B

Get the jump on competition. Here’s a breakthrough
in a new technology. Completely simplified. Thou-
sands of uses for researchers, product designers,
developers. Inexpensively measures one part in bil-
lion. Measures diffraction pattern movement pro-
duced by lasers; diffusion of molecules in solution or
heat waves. Study liquid flow, stress lines, distortion
of metals. Obtain elastic moduli. Technically, moiré
patterns are predictable patterns created by super-
positioning of one pattern over another. Using ele-
ments which include equi-spaced linear logarithmic
and circular rulings, Dr. Gerald Oster, Brooklyn
Polytechnic Inst., has developed a complete new
basic scientific tool. Kit contains 8 basic patterns on

£

A

oA

Measure. .. Check. ..Solve...Study...Create with

MOIRE PATTERNS KIT

COST-CUTTING, TIME-SAVING, SUPER ACCURATE
RESULTS IN LIMITLESS APPLICATIONS

both clear acetate in lantern slide size measuring 314"
x 4” (.020” thick) and white Kromekote 334” x 413”
(.012” thick); (1) Coarse grating, (2) 65-line grating,
(3) Logarithmic scale grating, (4) Radial lines, 5-
degrees, (5) Equi-spaced circles, (6) Fresnel zone
plate, (7) Sphere projection, (8) Cylinder projection:
two pieces 314” x 4” 150-dot screen on film; 20-mesh
woven fiberglass screen 8” x 10%”; copy of Dr. Oster’s
32-page book, ‘‘The Science of Moiré Patterns’’—an
aut‘hgritative introduction to the fascinating world of
moiré.

Stock No. 70,719-S ..................... $8.50 Ppd.
Stock No. 60,464-S Same as above without

DOOK. 1ttt e $6.50 Ppd.

MOIRé PATTERN ACCESSORY KIT. For additional experiments. Contains balloon, calcite, two kinds of

diffraction gratings, one-way mirror foil, polarizing materials, Ronchi rulings, assortment of

Stock No. 60,487-!

lenses.
$8.00 Ppd.

the Stars, Moon, Planets Close Up!

See
3 ASTRONOMICAL REFLECTING TELESCOPE

8 2

80 to 180 Power—Famous Mt.
Palomar Type! An Unusual Buy!

See the Rings of Saturn, the
fascinating planet Mars,
huge craters on the Moon,
Phases of Venus. Equa-
torial mount with lock on
both axes. Aluminized and
overcoated 3” diameter
high-speed f/10 mirror.
Telescope comes equipped with a 60X eyepiece and a
mounted Barlow Lens. Optical Finder Telescope in-
cluded. Hardwood portable tripod. FREE with
Scope: Valuable STAR HART plus 272-page
“HANDBOOK OF HEAVENS” plus “HOW TO
USE YOUR TELESCOPE” BOOK.

Stock No. 85,050-S............ ...529 95 Postpaid

4%" Astr i
Up To 255 Power. New Vibration Free Metal Pedestal Mount.
Stock No. 85,105-S .50 F.0.B. Barrington, N.J.

SUPERB 6” REFLECTOR TELESCOPE!
Ine. electric clock drive, setting circles, equatorial mount, pedestal base.
) eyepieces for up to 576X.
Stock No.85,086-S................ $195.00 F.0.B. Barrington, N.J.

I Reflector Tel '

Make Your Own Powerful Astronomical Teles:ope
GRIND YOU OWN

ASTRONOMIGAL MIR-

tﬁﬁ BH& ROR. Kits contain fine an-
r‘ nealed pyrez mirror blank,
tonl, shrasives, diagonal mir-

. i ey 1 Y
S N O ot i e oo You
i vslus fr TH00 te hundre ol dollars,
llui Ma. . Mirrer ‘Jhrclmou Pnu
0,003-% $7
7lm - ll 4%
70.005-5 1! M‘l
70,006-5 w7 |
70.007-% $9.9%
SOLVE PROBLEMS! TELL FORTUNES! PLAY GAMES!
NEW WORKING MODEL
DIGITAL COMPUTER
ACTUALMINIATUREVERSION -
OF GIANT ELECTRONIC
INS .

Fascinating new see-through mode compufer

actually solves problems, teaches comp

lundumenznls Adds subtracts, multlplles. smus complemants. carries,
nts, colored, rigid plas-

tic parts emly assembled. 127 x 314" x 43{“ Incl. step-by-step assem-

bly diagrams, 32-page instruction book covering operation, computer

language (binary system), programming, problems and 15 experiments.

Stock No. 70,683- Ppd.

WOODEN SOLID PUZZLES

12 Different puzzles that will
stimulate ycur ability to think
and reason. Here is a fasci-
nating assortment of wood
puzzles that will provide hours
of pleasure. Twelve different
puzzles, animals and geometric

- ‘.. g "
torms to take apart and reas-
give a chance for all

mble,
the family, young and old to test skill, patience and,
best of ali, to stimulate ability to think and reason whilé
having lots of fun. Order yours now.
Stock No.70,205-S.................. $3.00 Postpaid

MAIL COUPON FOR FREE CATALO

Completely New 1965 Edition .
G0
@

|

I 148 Pa ges—NeurIy 4000 Burguins |
EDMUND SCI

| Barrington, New J

I Please rush Free Gla.nt Catalog S <araLoG

ORDER BY STOCK NU

140

SEND CHECK OR MONEY ORDE

EDMUND SCIENTIFIC €CO.. 5aRrRING

War Surplus!
American-Made 7X50 Binoculars
Big savings! Brand new! Crystal-
clear viewing—7 power. Every opti-
cal element is coated. An excellent
night glass—the size recommended
lor satellite viewinz Indlvidual eye
focus. Exit 7 ADDrox.
field at 1, 000 yds is 37() tt. Carry-
ing Case mcluded American 7x50's
normally cost $274.50. Our war

surplus price saves you real money.

Stock No. 1544-S . ... ... ............ only $74.80 ppd.
7 x 35 AMERICAN MADE BINOCULARS

Stock No.964-S......... .. ... .50 ppd. (Tax incl.)

8 x 30 Binoculars—similar to above and a terrific bargain.

Stock No. 963- $33 ppd. (Tax included)

NEW INSTANT SHADING KIT
Variable Transmission Material
Activates when Exposed to Bright Light

You've heard of instant sun glasses. Now, see
for yourself, how colorless compounds become
instantly colored by simple exposure to light.

'an be continuously cycled, also reverses.
Use to determine forward and reverse response
curves, demonstrate photometry (using spec-
trophotometer), etc., in lab. Commercial up-
plications include automatically shading store
windows, auto windshields, house windows. Kit contains 3 ampules and 2
flat ciroular cells containing colorless phototropic solutions whmh turn red,
green or violet when exposed to photoflash unit; 1 heet of re-
versible phototropic paper; sample of tenebrescent Hackmanice 1 x %"

x 74”; flash unit, battery, capacitor, bulbs; instructions; booklet: ‘‘Photo-
chemistry, Phototrophy and Tenebrescence’
Stock No.70,727-S.... = ....iiiiiiiiiiiiiinianan $29.50 Ppd.

GRADUATED MECHANICAL STAGE
EASILY ATTACHES TO MICROSCOPE
Eliminates nwkwnrd handling when slide
must be moved. Has 30 mm. front to back and
50 mm. left to right excursions. Fixed verniers
read to 0.1 mm, Dual control knobs horizon.-
tally positioned, conveniently located on
right. Slide holder with adjustable arm and
spring clip accepts large and small glass slides,
max. opening 3% “ Metal unit finished in
black and chrome. Microscope stage easily
drilled to attach with two locating pins and
thumb screw; turn two screws for simple re-

Stock No. 30,058-S In weoden case...... $31.50 Ppd.

2%, barometer acourate to + 257

+
and hygrometer to + 5%. Foretells weather changes 0 24 hours
in advance. Hygrometer calibrated in percent relative hlnm\dlty Excellent
for teaching weather phenomena and meteorological hobby work. Instru-

HOME WEATHER STATION

New_*“Weather Station” is highly
sensitive to weather changes. Con-
mzemly accurate  thermometer 40

ment mounted on l’mndsoms wood-zmlned wall panel 15}4” x 53{". Meter

cases heavlly beauty and Dials in etched
f high Full in: ns,

Stock No. 70.607- ................................ $9.95 Postpaid

SCIENCE TREASURE CHESTS

Science Treasure Ch.s(—Extm-pﬂwar{ul
nets, polarizing filters, compass, one-way mirror
film, prism, diffraction grating and lots ol other items
for hundreds of thrilling experiments, plus a Ten-Lens
Kit for making telescopes, microscopes, etc. Full in-
structions included.
Stock No. 70,342-S. $5.00 Postpaid
s:l-nn Treasure Everything in
Chest above plus excltmg additional items for more
i kit, electric motor,
molecular models set, first-surface mlrror: and lots more.
Stock No. 70,343 .$10.00 Postpaid

STEREO-MICROSCOPE  \MicRiGAN mAD:
= AMERICAN MADE!
Up to 3" Working Distance
Wide 3-Dimensional Field
Used in production, in research or at
home; for inspections, examinations,
counting, checking, assembling, 2 sets
of objectives on rotating turret. Stand-
ard pair of wide field 10X Kellner Eye
pieces give you 23 power and 40 power
clear, sharp erect image. Helical rack
and pinion focusing. Imerpuplllary dls-
tance adjustable. So good we’'ll SHIP
ON A 10-DAY FREE TRIAL.
Order Stock No. 85,056-S. .

SATISFACTION GU.

If price $99.50 F.0.B.

NTEE,

NEW JERSEY
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| THERAPEUTIC COMMUNICATION. ]urgen

Ruesch. W. W. Norton & Company,
Inc., 1961.

TuE Voice or NEeurosis. P. Moses.
Grune & Stratton, Inc., 1954.

DE FOREST
AND THE TRIODE DETECTOR

FaTtHER OF RaAp10: THE AUTOBIOGRA-
puy oF LEE DE Forest. Wilcox &
Follett Co., 1950.

INVENTION AND INNOVATION
Rapio Inpustry. W. R. Maclaurin.
The Macmillan Company, 1949.

THE SacAa oF THE VacuuM TuBE: PART
5. Gerald F. J. Tyne in Radio News,
Vol. 30, No. 2, page 26; August,

| 1943.

THE SacA oF THE VacuuMm TuBE: PART
7. Gerald F. J. Tyne in Radio News,
Vol. 30, No. 4, page 26; October,
1943.

| THE SaGa oF THE Vacuusm TUBE: PART
15. Gerald F. J. Tyne in Radio News,
Vol. 33, No. 1, page 54; January,
1945.

IN THE

COMPUTER EXPERIMENTS

- : IN FLUID DYNAMICS

Dy~Nanics AND HEAT TRANSFER IN THE
voN KARMAN WAKE OF A RECTANGU-
LAR CyrLiNDER. Francis H. Harlow
and Jacob E. Fromm in The Physics
of Fluids, Vol. 7, No. 8, pages 1147—
1156; August, 1964.

NuMERICAL CALcCULATION OF TIME-
DEPENDENT, VISCOUS, INCOMPRESSI-
BLE FLow or FrLum witH FREE Sur-
Face. F. H. Harlow and J. E. Welch
in Los Alamos Scientific Laboratory
Report, in press.

NUMERICAL SOLUTION OF THE PROB-
LEM OF VORTEX STREET DEVELOP-
MENT. Jacob E. Fromm and Francis
H. Harlow in The Physics of Fluids,
Vol. 6, No. 7, pages 975-982; July,
1963.

Tue TiME DEPENDENT FLOW OF AN IN-
COMPRESSIBLE Viscous FLuip. Jacob
Fromm in Computational Physics:
Advances in Research and Applica-
tions. Vol. I11: Fundamental Methods
in Hydrodynamics, edited by B. Al-
der, S. Fernbach and M. Rotenberg.
Academic Press, 1964.

THE AMATEUR SCIENTIST

Tue Epce or THE SEA. Rachel Carson.
Houghton Mifflin Company, 1955.
FieLp Book orF SeasHorRE LiFE. Roy
Waldo Miner. G. P. Putnam’s Sons,

1950.



Western has been investing in progress since 1888

Western’s current space age capability is the
result of a policy established over 76 years
ago—a policy of consistent growth and con-
tinual development. This investment of time,
thought and resources has, over the years, es-
tablished Western as a company that’s always
up on the latest technological developments.

Today, Western’s seven divisions are all
hard at work designing and building equip-
ment for almost every major industry you can
name —steel, marine, petroleum, sugar, air-

Everett, Washington; Belmont, Lynwood, Pasadena, California; Houston, Texas -

craft, pulp and paper, and cement. Machinery
created to push, pull, twist, turn or position—

special equipment and standard power trans-

mission drives. Units and components to serve
earth-bound industries as well as those active
in space and hydrospace.

To get the full story on Western’s know-how

in your field send today for Corporate Capa-
bilities Bulletin. Write: P.O. Box 182, Lyn-

wood, Calif. Phone: area code 213, NEvada

6-0911. Or cable: WESTGEAR, Lynwood, Calif.
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"He who makes two blades of grass grow
in place of one renders a service..."
Voltaire

One of the contributions of chemical
research today is making things grow.

Sometimes figuratively, as when a
chemical innovation brings an entirely
new business enterprise into being.

Sometimes literally, as when a potent
new chemical fertilizer helps meet
the need of an exploding population
for increased soil productivity.

Indeed, our chemical research effort
itself is a kind of farm, where

creative people cultivate ideas that
grow a more abundant life for us all.

Allied Chemical Corporation,
61 Broadway, New York, N.Y. 10006.

llied

“hemical

Divisions
Barrett * Fibers ¢ General Chemical
International * National Aniline
Nitrogen + Plastics * Semet-Solvay
Solvay Process * Union Texas Petroleum
In Canada:
Allied Chemical Canada, Ltd., Montreal
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