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Londoen Ciibankers with the Houses of Parliament i background.

In London—the right bank 1n the nght place

If you're doing business in Great Britain, the Citibankers of our two London
branches are on hand in force to help you. Here, where our roots go back to 1902,
our sizeable facilities and resources are keyed to meet all your banking needs.
Altogether, in nineteen branches throughout nine European countries, there
are over 1,600 Citibankers trained to blend their international banking skill and
local knowledge in your behalf. Wherever your interests lie, Citibank ... with
fully-staffed branches, subsidiaries and affiliates in 63 countries. .. is the right
bank in the right place to serve you.

FIRST NATIONAL CITY BANK

PARTNERS IN PROGRESS AROUND THE W ORLD

Member Federal Deposit Insurance Corporation
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Alcoa research
helps make
aluminum armor
the logical choice.

Change for the better with
Alcoa Aluminum

We've been testing armor alloys
and the effects of armor design me-
chanics for more than five years at
Alcoa’s Ballistic Laboratory. We've
shot at hundreds of aluminum alloys
and learned more than how to make
holes in armor. Alcoa has learned
how not to make holes in armor.
We're helping develop new, lighter
weight armor materials that defeat
projectiles. We have learned to
predict the resistance to penetration
of plate, forgings, extrusions and
castings based on the mechanical
properties of the alloy, the thickness
of the armor, and the angle of
incidence.

Since building our laboratory to
Army Ordnance standards, we've

BALCOA
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fired thousands and thousands of
rounds of armor piercing and

ball projectiles.

An electronic system is used to
calculate impact velocity, and a
computer program simplifies storing
and correlating data.

Alcoa“® Aluminum armor is used
more and more, because when all
the factors are considered (protec-
tion, weight, cost and ease of
fabrication) it is the logical choice.

It makes today’s fast-moving, air-
droppable military vehicles strong
but light. For further information,
write Aluminum Companyof ~
America, 550-C Alcoa Building, 4"%
Pittsburgh, Pa. 15219.



"‘Some people say we're the most
conservative company in the integrated
circuit business. | prefer the word
responsible, because it implies as much
concern for our customers’ problems
as it does for our own. And besides-it's
a proven way to make profit’

SIGNETICS INTEGRATED CIRCUITS

SIGNETICS CORPORATION
THE RESPONSE/ABILITY COMPANY
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Designed for the
individualist.

Enjoyed by the many.

Admittedly, the Garrard automatic
transcription turntable is meant for the
highly critical listener. Therefore, it is
particularly interesting that more own-
ers of component stereo systems use
Garrards than all other automatic
turntables combined. This overwhelm-
ing preference by people who know
high fidelity has many reasons, but
they all mean one thing: quality.

You can depend on a Garrard for
flawless performance, not only when
you buy it, but for years to come. An
example is the SL 95, shown below.
One of its superlative features is syn-
chronous speed...the ability to turn
your records at a perfectly constant
rate for perfect sound ... always, for
as long as you use this superb instru-
ment. The SL 95 is $129.50. Other
Garrard models are from $37.50.

For a complimentary, full color,
20-page Comparator Guide, see your
dealer or write: Garrard, Dept. AC-16,
Westbury, N.Y. 11590.

i ‘
Wovia's Finest

THE COVER

The photograph on the cover can profitably
tances: the normal reading distance and a distance of 10 feet or more. At
close range the picture is a pattern of light and dark bands; at longer range
it is a dazzling smile. (The small reproduction above has the latter effect.)
The photograph is an enlargement of a small section of the television pic-
ture at left and second from the top on the opening page of the article
“Pulse-Code Modulation” (page 102). It shows how the television picture is
essentially made up of luminous lines that vary in intensity as the energy of
the electron beam that paints them is modulated. Normally the beam
is modulated by continuous changes in the amplitude of the voltage con-
trolling the energy of the beam; in pulse-code modulation the amplitude
of the voltage is changed in distinct steps that are specified by a digital code.

be viewed from two dis-
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Maybe we made

the new Sony Videocorder

too easy to operate.

No maybes about it.

First of all, there aren’t a million gadgets
to monkey with. One little knob controls
both recording and playback.

A viewfinder sitting right on top of the
camera tells you exactly what you're re-
cording. So, unless you want to, you won't
end up with people’s heads cut off.

Audio and video signal levels are ad-
justed automatically. No watching meters
or anything like that. (If you're really gung-
ho and prefer stick shift, you can switch to
manual operation. And go it alone.)

If you leave something out, all isn’t lost.
You can add material just by pressing a
button.

The same goes for background music. Or
narration.

In fact, the only thing you'll find hard to
do with the new Sony Videocorder is botch
things up.

The price? (We went easy on that too.)
$1620 complete.*

For more information, mail the coupon.
What could be simpler?

SONY:VIDEOCORDER® (TCV2110)

SE——
I

' Name _

)

{ Title_
iOrganization,,
{Address
E City

1

! Telephone

State

Sony Corporation of America, B-68-31
47-47 Van Dam St., L.I.C., N.Y. 11101

*Mfr's suggested retail price, includes camera ensemble with electronic viewfinder, monitor/recorder.
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Bendix is the kind of
company that gets to the
~ “bottom o!thmgs.
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To get you to Europe in 3% hours. Bendix will
help guide the Anglo-French Concorde, when it starts
carrying passengers across the Atlantic at 1,400 mph,
sometime in 1971. The Concorde, likely to be the first
supersonic transport, will have Bendix-designed auto-
matic flight control systems, air data systems and : . )

other Bendix instrumentation. To keep track of things in space. This 13-
story structure houses a new kind of radar system
that can detect, track, identify, catalog and report
on hundreds of objects in space—simultaneously.
It was designed and built by Bendix. Sponsoring
agencies are the Electronic Systems Division and
Rome Air Development Center of the Air Force
Systems Command.

To make quality parts by the numbers.
In action here isone of 12 new Bendix numerical
control systems that operate drills, mills, lathes
and other machine tools automatically, by inter-
preting numerical data on punched tape. Each
of the systems will enable manufacturers to
produce more and better parts in less time.

To help tap ocean resources. This diver, installing
Bendix equipment to measure the speed and direc-
tion of currents for harbor development, is one of

a new breed of scientist/engineer at Bendix. He and To give start-and-stop trucks

another brake. Bendix is road-testing

others like him are helping industry and government a new disc brake that will extend the
utilize the wealth of the oceans. You'll find them advantages of disc brakes to trucks. [t will

] ) - ) mean proven performance, long life, self-
making environmental studies for location of off- adjustment and low-cost operation for both

shore drilling, designing intercom units that allow front-and rear wheels.

divers to talk to each other under water, or searching
for resources under the ocean floor. Our oceanics
capability goes deep: from designing systems for sub-
chasing torpedoes to showing ships how to
rendezvous at an exact spot.In oceanics—as well as
automation, aerospace,automotive and electronics—
the heart of our business is creating new ideas and
developing them to maximum usefulness. The Bendix Miheis ideas unlock the future
Corporation/ Fisher Bldg./ Detroit, Michigan 48202.

Bendix
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“How to be
a‘(@n-novator

“Easy”

“Innovate” with tin. It is an amaz-
ingly versatile metal. Its unique
combination of physical and chemi-
cal properties lends itself to diverse
applications ranging from cryo-
genics and exotic alloys to regular
solders.

“Examples:

Precision soldering by induction
heating uses radio-frequency
energy to heat pre-treated metal
surfaces which have the correct
amount of tin/lead solder between
them. A joint is made in seconds.
Air can be used to cool the sol-
dered parts. The process can be
performed on an assembly-line
basis.

Bronze (tin/copper) coated shafts
running in steel bushings last
longer than steel running in bronze
bushings. The bronze, being softer,
sustains most of the wear. With
the bronze distributed over the en-
tire shaft, the wear is even and
thus both shaft and bushing retain
their roundness.

Phosphor-bronze solder terminals
mount into punched or drilled
holes by mechanical or hydraulic
pressure. Resist vibrations and en-
vironmental disturbances. No nuts,
screws, rivets, or lugs are required.
Terminals are electroplated with tin
and dipped in stearic acid wax for
soldering ease and oxide-develop-
ment resistance.

@unk @n,

It may hold the answer to one of
your current problems. Be a tin-
novator. And remember, Straits Tin
from Malaysia — the tin-novator’s
tin — is the world’s standard for
quality...minimum 99.899% purity.
“Straits is to Sn as Sterling is to Ag.”

Free Newsletter

Write today for a free
subscription to TIN
NEWS —a monthly
newsletter on tin sup-
ply, prices, and new
uses.

THE MALAYAN
TIN BUREAU

Dept.39-C, 2000 K St., N.W.
Washington, D.C.20006

LETTERS

The facts on early maturation present-
ed in J. M. Tanner’s lucid article [“Earli-
er Maturation in Man”; SCIENTIFIC
AMERICAN, ]anuary] have important im-
plications for education to which I
should like to draw attention.

While the age of physical maturity has
fallen steadily, the age of university ed-
ucation has remained almost unchanged.
As a result the campuses are now peo-
pled by grown men and women yet are
governed by traditions of organization
and discipline which were made for
adolescents. No wonder that those who
remember themselves as striplings at
college are outraged by the beards and
the bosoms they see there now—and by
the intransigence that is natural in the
bearded and the bosomed, especially
when they have to be treated as children.
The university system as it is, historical-
ly, is two years out of step with the at-
titudes and emotions of contemporary
students, and is only suited to the young
who are now in high school.

A part of this difficulty will no doubt
be repaired by giving university educa-
tion more of the character of adult ed-
ucation. But the one change which is
radical and inevitable is that students
will go to college at least a year earlier,
and in time two years earlier. This will
require children to get through the pres-
ent school curriculum one to two years
faster than they do now, and the signs
are that this is possible. Tanner’s article
of course is concerned only with body
functions, and does not deal directly
with brain and with intelligence. But
even in the evidence for earlier physical
maturation, these are grounds for seeing
an implication that the brain is also ma-
turing earlier. And there is at least a
presumption from this (which has some
support in tests) that intelligence quo-
tient in its turn is rising in children.

At the least, Tanner’s article should
put an end to a classical fallacy about
intelligence. This is the argument (popu-
larized by Sir Ronald Fisher and copied
by pundits ever since) which goes: There
is a positive correlation between the
1.Q. of parents and the average 1.Q. of
their children. The average 1.Q. of the
children in large families is lower than in
small families. Large families contribute
more members to the next gencration
than do small families. Therefore the
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average 1.Q. of the population must be
falling. There are several logical flaws in
the statistical reasoning here. But what
is more practical, Tanner’s article proves
in the most concrete way that the argu-
ment must be fallacious. For the argu-
ment can be repeated word for word
about weight and about height, simply
by putting the word “weight” or “height”
in place of “I.Q.” Yet as we see, the con-
clusion for weight and for height is de-
monstrably wrong.

J. BroxoOwskI

Salk Institute for Biological Studies
La Jolla, Calif.

Sirs:

In their article “Non-Cantorian Set
Theory” [SciENTIFIC AMERICAN, De-
cember, 1967] Paul ]J. Cohen and Reu-
ben Hersh note that set theory has not
yet found any application in theoretical
physics. It has, however, been applied
in theoretical psychology. In The Behav-
ioral Basis of Perception (Yale Universi-
ty Press, 1962) I have used set theory as
a model for the process whereby three-
dimensional perceptual space is gener-
ated from a multidimensional input to
the receptor system. My model involves
a hierarchy of sets of increasing com-
plexity, culminating in one whose prop-

Scientific American, March, 1968; Vol. 218,
No. 3. Published monthly by Scientific American,
Inc., 415 Madison Avenue, New York, N.Y. 10017;
Gerard Piel, president; Dennis Fla an, vice-
president; Donald H. Miller, Jr., vice-president
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SCM breakthrough:
Marchant Cogito 566 PR

electronic calculator.

It programs.
It prints.
It's desk-top size.

The new Cogito®
566 PR"" is a total
breakthrough. It comes
with a full 66 program-step
capacity, and has eight separate
working and storage registers.
Calculates and prints out answers in
1.5 seconds or less.

On manual or programmed operation,
the Cogito 566PR prints out every step on a
wide, easy-to-read paper tape. Special symbols
indicate each factor, each operation, each result,
each remainder. Like all other Marchant calcu-
lators, the Cogito 566 PR lets you Surecheck
every answer.

The Cogito 566 PR can handle up to 16 whole
digits and features automatic decimal selection
to 0, 2, 4, 6, even 8 places.

Square Root is computed instantly and auto-
matically by the touch of a single key. On multi-
plication it automatically rounds off the last
decimal. )

At any stop in a programmed operation, the
Cogito 566 PR can be used for manual calcula-
tions, then returned to complete the original
program.

The new Marchant Cogito 566 PR is avail-
able now. Call your SCM Marchant representa-
tive, or just mail our coupon.

Marchant makes you a better calculator.

Smith-Corona Marchant

Division of SCM Corporation

MARCHANT® CALCULATORS
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Mail this coupon today.

MARCHANT CALCULATORS

299 Park Avenue
New York, New York 10017

I am interested in knowing more
about the new Cogito 566 PR
Electronic Calculator.

O Please send literature.

NAM|

COMPANY

|
|
|
|
|
|
{ O Please have a representative call.
|
|
|
|
|

STREET NO.




Spcé amwork:
orbital

workshop.

The orbital workshop, a major
projectin NASA’s Apollo
Applications Program, merges
the energies of two industrial
engineering teams with earned
reputations for dependable
performance in space
science and engineering.

The Douglas S-IVB rocket
stage will carry a McDonnell

airlock with it into space.
When the rocket’s fuel is
gone, the combination will
become a workshop in which
NASA astronauts can work
in shirtsleeve comfort for
several weeks.

These two space pioneers—
McDonnell and Douglas—
are now joined as one, with

greater-than-ever capabilities
and facilities.

The McDonnell Douglas
team is now planning
advanced space labs, Mars
and Venus landing capsules,
missile systems, and re-entry
spacecraft on which our

. nation can depend .

in the 1970s. m/

MCDONNELL DOUGLA\S\'}__
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erties match the properties of the per-
ceptual world. All the sets are finite, and
therefore questions regarding the axiom
of choice and the continuum hypothesis
do not arise.

After I had completed my theoretical
construction I found that Henri Poin-
caré, in two of his popular books, La sci-
ence et Phypotheése (1902) and La valeur
de la science (1905), had already tackled
the problem and constructed a model
that in its essential features was similar
to mine.

Jases G. Tayror

Bovingdon, England

Sirs:

The article on perpetua] motion ma-
chines [ScIENTIFIC AMERICAN, January]
implies that the possibility of a “perpetu-
al waterfall” was recognized as impossi-
ble only after the first and second laws
of thermodynamics had been formulated
in the 19th century. I can recall reading,
more than 50 years ago, a fable (by
Aesop?) that concluded with the moral,
“The mill cannot grind with the water
that is past.” This must surely be the
earliest statement of the second law, and
it would be interesting to trace the origi-
nal fable.

R. H. Wricur

Head

Olfactory Response Investigation
British Columbia Research Council
Vancouver, B.C.

ERRATA

In the article “Remote Sensing
of Natural Resources” (SCIENTIFIC
AMERICAN, January) no mention
was made of the source of the
three pictures on page 65. These
pictures, showing the automatic
analysis of tones in an aerial pho-
tograph, are the work of Philip G.
Langley of the Pacific Southwest
Forest and Range Experiment Sta-
tion of the U.S. Forest Service.

In “Earlier Maturation in Man”
(SciENTIFIC AMERICAN, January)
the scale of the opening illustra-
tion is incorrect. The unit of height
on the scale at the left in the illus-
tration should not be a foot but 10
inches.

Greater- than -ever
opportunities with the
aerospace pros:

McDonnell Douglas.

Our greater-than-ever team of aerospace professionals is now working
on a variety of far-reaching programs that cover the entire spectrum of
aerospace activities. Among them: advanced Delta; Airlock; Dragon;
orbital Workshop: and other manned spacecraft, missile systems, and
space exploration vehicles.

The McDonnell Douglas team urgently needs experienced engineers
who are now specializing in such fields as these:

Structures Electronics
Aerodynamics  Thermodynamics
Cryogenics  Human factors
AGE  Simulation  Pyrotechnics

Guidance and control
Electronic systems

Optics
Flight mechanics

Career opportunities in these and other aerospace engineering fields
are available now at our locations in Southern California, St. Louis,
Cape Kennedy/ Titusville, Vandenberg, and Sacramento.

To arrange for an interview, send the coupon today. Please include
your current resume, if available.

| Mail to: Mr. W. R. Wardle, Professional Employment, Box 516, St. Louis, Missouri |
63166. Or: Mr. L. P Kilgore, Professional Employment, 3000 Ocean Park |

| Blvd., Santa Monica, California 90406. |
I Name :
| Home address |
I City & State Zip code Phone I
| |
| Education: BS MS PhD Major Field I
| (date) (date) (date) |
| Primary experience area 1
| |
| |
| Present position _ / |
I Location preference: East Midwest _ West :
| SA3 MCDONNELL DOUGLAS |
| An equal opportunity employer |
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PAPERS THAT REPEL WATER

or absorb it, or maintain their strength
when wet, or virtually disintegrate. Papers
that burn practically without ash or
barely burn at all. Papers that perform a
specific function at lowest possible cost.
These are the VALUE-ENGINEERED
PAPERS FROM THE MILLS OF
MOSINEE. We'll be happy to specify . . .
or develop . . . one to your need. Try us.

MOSINEE PAPER MILLS COMPANY
MOSINEE, WISCONSIN 54455

12

20 AND 100
RS AGO

| ScENTIRCAVERICAX |

MARCH, 1918: “The transformation
of one element into another by atomic
disintegration has led to the theory that
the whole of the elements have at one
time been formed from a parent element,
and that a slow but sure degradation of
the elements is in progress. On this theo-
ry, calculations as to the probable life of
the world have been made, but the data
are too scanty to warrant much faith in
the estimations. The slow transformation
of one element into another, to effect
which was the whole aim of alchemy, is
now well demonstrated, but it does not
yet seem feasible to put the phenomenon
to a practical use. The transformation is
attended by the release of a very large
amount of energy, and could a means be
found to hasten the process, the world
would have a tremendous and, it must
be feared, a terrible source of power.
The logical conclusion to the discovery
of such a means is well worked out by
the imaginative powers of Mr. H. G.
Wells in his book The World Set Free.
Such a terrible agent of destruction
would be at hand that the world would
be forced to abandon its wars to protect
itself from its own folly. Such results,
however, are happily at present only in
the realms of imagination.”

“With increasing frequency during
the past few weeks it has been stated
that Germany is already giving evidence,
in her thoughts if not in her deeds, that
she is preparing for the next war, and
nowhere has this evidence been more di-
rect than in a book written by Lieut.
General Baron von Freytag-Loringho-
ven, which bears the title Deductions
from the World War. Although the Gen-
eral does not of course put it down in
bald English that Germany has failed in
the present war, it is impossible to read
this work without realizing that the Ger-
man General Staff understands that the
great stake for which they played is lost—
at least for the present. Be that as it may,
the thing that stands out with most sinis-
ter significance in this book is the fact
that the German high command is study-
ing the lessons of the failures of this war,

© 1968 SCIENTIFIC AMERICAN, INC

with a view to applying them in another
attempt on an even more widely extend-
ed scale.”

“The degree to which chemistry has
entered into modern warfare is indicated
by the use of poisonous gas. The Hague
Convention prohibited the use of this in-
fernal instrument, but nevertheless it has
become a weapon of offense and defense
horrible beyond description. Efforts at
counteracting the malign effects of a gas
wave collectively have not achieved sat-
isfactory results and dependence is
therefore placed upon the gas mask. Sim-
ilarly, the use of liquid fire—incandescent
gasoline or flaming phosphorus—is so
deadly that protection along ordinary
lines is without result. It is a sad com-
mentary upon the diabolic instrumen-
tality of war that the chemical industry,
which has been of such constructive val-
ue in advancing human welfare, should
become transformed into a hideous mes-
senger of death against which chemistry
is a weak defender. The use of poisonous
gases and liquid fire are not to be con-
doned by saying, “This is war.” The rights
of combatants have always received
some degree of consideration in order to
preserve the semblance of humanity
even in war. Some of the triumphs of
chemistry in modern warfare represent
the defeat of civilization.”

“Several European observers of the to-
tal lunar eclipse of July 4-5, 1917, have
reported that the brightness of the lunar
disk appeared much greater around the
limb than near the center. These obser-
vations lead M. A. Nodon of Bordeaux
to revive a suggestion that has some-
times been made to account for the bril-
liancy of certain lunar craters; viz., that
the surface of the moon may possess a
luminosity of its own in the nature of
phosphorescence. In that case, perspec-
tive would increase the apparent lumi-
nosity toward the limb.”

MARCH, 1868: “In The Naturalist
Mr. Alfred Russel Wallace has published
a very interesting paper on the ‘Relation
between Sexual Differences of Color and
Nidification in Birds.” In some few spe-
cies of birds the females can boast of a
plumage more beautiful and brilliant
than that of the male. In cases where the
female has this conspicuous appearance
the nest always conceals her, but in cases
where the female is of a dull color the
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Movies via computer

Abstract or complex concepts are difficult to communicate.
Often they are best grasped visually—particularly through animated films.

But making such movies has been tedious and expensive.

At Bell Laboratories, therefore, we are experimenting with movies
by photographing computer-controlled cathode-ray tubes.

Not only is this more efficient than traditional methods, for many
kinds of movies, but the computer can sometimes reveal

motions and shapes which are otherwise concealed in masses of data.

“*Force, Mass, and Motion,'" an
educational film by F. W. Sinden, shows
how gravity-like forces and inertia affect
bodies with various initial velocities.
This interplay is hard to visualize, but
is clear on the screen. It produces the
curves in the upper picture, one frame
from the movie. This film, costly with
conventional animation, is inexpensive
here because the computer makes
pictures by solving equations.

In one sense, the computer movie is
a "‘perfect laboratory’; it demonstrates
exactly how our mathematical models
would behave and helps us to look for
imperfections in our experimental
apparatus when we do go ahead in
the laboratory.

The lower picture is another frame
from the movie. Here the program was
slightly altered to view the system from
a reference frame moving with the
center of mass. Theapparently complex
curves traced by the bodies in the
upper picture turn out in the lower one
to be ellipses moving together linearly.

Here are examples of our work.

K. C. Knowlton's BEFLIX (Bell flicks)
is a computer program whose inputis a
description of the desired movie in the
language of the filmmaker: CAMERA,
DISSOLVE, ZOOM. Its output is a
magnetic tape containing an encoding
of pictures. These are subsequently
displayed on a cathode-ray tube where
they are photographed.

The BEFLIX picture is a rectangular
array of dots; the intensity of each can
vary through eight levels. The film-
maker can tell BEFLIX that lines or
arcs should be drawn, areas '‘painted”
various shades of gray, displayed
shapes moved in various directions,
and the like. There is an assortment of
letter sizes and faces for titling.

The frames below were produced in
the BEFLIX language. The first is from
a movie describing BEFLIX itself. The
second is from a movie about a new
programming language produced at
Bell Laboratories. In this film, animated
“bugs’ demonstrate how information
is moved around in the computer.

In this new
method of ani-
mation. both
film motion
and display on
the tube con
be controlled
automatical ly
by information
on a magnetic
tape.

© 1968 SCIENTIFIC AMERICAN, INC

A movie by E. E. Zajac demonstrates
the effects of gravity in keeping a
communications satellite facing the
Earth. Satellite motion is described by
complicated differential equations.
They can be solved on a computer, but
the resulting list of numbers is almost
incomprehensible. In the movie, how-
ever, the dynamics of satellite motion
—stability, orientation, and time—are
instantly visible.

The pictures show two parts of the
movie. At top, the stylized satellite-
Earth system is seen from a position
fixed relative to Earth (thirty selected
frames are superimposed). The lower
picture shows the satellite from a
position orbiting with it. This is an
advantage of computer movie-making:
the second viewpoint required only
relatively minor program changes.

The film was ‘“‘reshot’ several times
to show the effects of various stabiliz-
ing parameters.

Bell Telephone Laboratories

Research and Development Unit of the Bell System
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RECENT
FINDINGS

RESEARCH LABORATORIES

The study concerns the fundamental electrochemical
behavior of metals in a corrosive environment. The
reactions of metals with electrolytes is considered as a
“dissolution” of electrons and positive ions. The rate of
corrosion is measured in terms of a current density,
and is a function of the electrical potential difference
which develops across the metal-electrolyte interface,
(the latter being measured as an electrode potential). A
typical corrosion rate versus electrode potential curve
is shown schematically in Figure 1. The curve ABC, is
typical for active metals such as iron, zinc, copper,
etc., in many corrosive environments. This behavior
leads either to rapid corrosion, or, in some cases, fairly
slow corrosion.

Figure 1

| (Amp /Cm)

Some metals and alloys such as aluminum,
titanium, and stainless steels, which should also be
thermodynamically active, show a passive behavior in
many corrosive environments. The corrosion rate—
potential curve is given by curve ABDE. These metals
assume a potential such as Ex and exhibit a very low
corrosion rate Ip. This passive behavior is basically
the cause for the corrosion resistance and non-
tarnishing properties of these types, which are other-
wise active metals.

Ford Motor Company scientists are studying the
mechanisms of the reactions, both on the active and
passive metals. Modern electrochemical techniques
and instrumentation are used to determine the kinetics
of the processes. Special attention is being given to
surface structure, dislocation densities and point
defects on the dissolution reaction.

PROBING DEEPER FOR BETTER

Mechanisms of
COrrosion reactions
and models for

the passive state

The exact nature of the passive state is not com-
pletely understood, but Ford scientists are studying
this passive state by means of both electrochemical and
ellipsometric techniques. A model for the passive state
has been developed which is based on the nucleation
and growth of films on the surface—both processes
being a function of potential and current density. The
model yields the characteristic curve ABDE in Figure
1, and agrees with galvanostatic charge curves which
have been obtained on some pure metals.

Of special importance is the vexing problem of the
breakdown of passivity by aggressive anions, such as
chloride ion. This type of corrosion leads to localized
pitting attack. It has been shown that this pitting is a
definite function of the electrode potential, as well as
the chloride concentration; and the “pitting potential”
is dependent upon the alloy composition. Curves
showing the breakdown of passivity for several types of
stainless steel are shown in Figure 2.
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A critical analysis of some existing theories of
passivity shows that theories do not allow for this
potential dependency for anion effect. A modified
theory has been suggested by our scientists.

The techniques and instrumentation used in these
basic studies has led to the development of rapid and
reliable test methods for the evaluation of the cor-
rosion resistance of materials for specific applications,
as well as problem solving.

IDEAS
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nest exposes a considerable portion of
the sitting bird. When the male bird is
less brilliant than his mate, it is found
that he performs the duties of incuba-
tion. There seems, then, to be a connec-
tion between the color of the different
sexes of birds and the sitting over the
eggs. Mr. Wallace considers that Dar-
win’s principle of natural selection most
aptly explains this connection of color
and nests.”

“Hitherto transfusion of healthy blood
into the veins of another being was ap-
plied only in extreme cases where loss of
blood had rendered necessary some des-
perate means of replacing the loss of
red corpuscles and oxygen in the arteries,
and restoring respiration and circulation.
Quite lately, however, two physicians,
Drs. Eulenburg and Landers, have sent
to the French Academy a treatise on
Transfusion of Blood, in which by an ex-
tended series of experimental researches
upon animals they seek to prove that this
process, modified in a certain way and
repeated if necessary, should be viewed
as a sovereign mode of treatment in all
cases of acute poisoning, viz., of such
poisons which, after absorption by the
blood, act injuriously upon the vital ner-
vous centers.”

“Prof. De la Rive of Geneva has con-
trived an instrument for measuring the
transparency of the atmosphere. The in-
ventor agrees with Pasteur, who sup-
poses that the light dry fog which under
certain conditions of the air intercepts
the light is caused by myriads of organic
germs floating near the earth, which are
washed to the earth by the heavy rains
or are destroyed by severe frosts, thus
accounting for the clearness of the at-
mosphere at these times.”

“The famous Thames tunnel, which
for the 25 years since its completion has
proved an indifferent speculation, is at
last to be made of some practical use. It
is stated that two railroads on opposite
sides of the river propose forming a junc-
tion by means of this subaqueous pas-
sage-way, and will make gradual en-
trances a mile distant from either bank.
The original cost of the tunnel was more
than $2,000,000. It was sold a few years
ago for half that amount, and even at
this sacrifice the purchasers have found
it to be a very unfortunate investment,
the receipts, principally tolls from foot
passengers drawn thither by curiosity,
averaging but $125 per week, which
have been entirely consumed by ex-
penses.”

profile

of a

computer capability

The Los Alamos Scientific Laboratory
maintains a competent computer facil-
ity and staff in support of its research
programs and projects. The complex
includes two CDC 6600's (with a third
on order), an IBM 7030 (Stretch), two
IBM 7094's, and the Los Alamos devel-
-oped and constructed MANIAC II, an
advanced version of MANIAC |, the fore-
runner of modern high speed digital
computers. A dual system of use is in
practice: the computers are available to
staff members who wish to program and
set up their own problems; and a serv-
ice staff is provided for those who wish
assistance.

Sophisticated problems in fluid mechan-
ics, two-phase hydrodynamics, neutron
transport, kinetics, particle accelerator

los

design, heat flow, and radiation trans-
port are typical of those being solved
by computational techniques. Research
in “‘software technology' is being done.
Computers are also used in the analysis
of data provided by the Vela Project,
local tests, and tests conducted at the
Nevada Test Site.

The computing facility is used exten-
sively by chemists, theoretical and
experimental physicists, mathemati-
cians, and chemical, mechanical and
electrical engineers.

A limited number of opportunities exist
for highly qualified scientists, mathe-
maticians and engineers in Los Alamos
research programs. Interested indi-
viduals are invited to send their re-
sumes to:

Director of Personnel
Division 68-30

alamos

SCIENTIFIC LABORATORY
OF THE UNIVERSITY OF CALIFORNIA
10S ALAMOS NEW MEXCO

An Equal Opportunity Employer. U.S. Citizenship Required
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Advanced microcircuit logic

.9 AL

Man and the computer arrive

at decisions through similar

processes. Each systematically

uses stored information to make

decisions through application of

logic. The computer—using radical,
! new electronic microcircuitry both
to store information and make
logical decisions—may eventually
rival the human brain, both in small
size and in complexity.

RCA knows how
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nearing human complexity?

As yet, no man-made instrument has
approached the complexity of the hu-
man brain or its relatively small size
and efficiency. However, much prog-
ress toward this goal has been made in
data-processing technology since the
first electronic computer was designed.
This early computer, in the light of
today’s electronic advancements, was
a power-hungry machine assembled
from a multitude of then-existing elec-
tronic components. It was a far cry from
the ‘““electronic brain’’ many have
named it, both because of its huge size
and relatively low packing density.

The continuing effort to simulate the
human brain’s capability and size has
resulted in RCA’s achievement of a new
and different type of electronic micro-
circuitry—COS/MQOS, the first commer-
cially available COmplementary Sym-
metry Metal Oxide Semiconductors.
These integrated circuits—barely
larger than this “O”—pack as many as a
thousand transistors onto a single chip
or substrate, to bring the “electronic
brain” concept much closer to reality.
The computer “state of the art” has
already come a long way since those
early data-processing machines that
used cumbersome banks of electron
tubes and associated discrete compo-
nents in the circuits. While these cir-
cuits were efficient in making rapid
decisions, they were limited by sheer
size; the tremendous heat generated by
thermionic tubes; the vast number of
discrete resistors and capacitors, and
the many interconnections required.

e
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Fig. 1
To minimize these problems, computer

and circuit designers first replaced
electron tubes with transistors, mount-

ed together with discrete components
on circuit boards. Next, whole circuits
were diffused into single small semi-
conductor substrates—the now familiar
integrated circuit. Fig. 7 is a photomi-
crograph of a COS/MOS dual flip-flop
circuit containing 48 complementary
MOS transistors on one minute chip.

Until the recent advent of the comple-
mentary symmetry MOS integrated cir-
cuit, however, each design advance-
ment in computer circuitry was made
through the use of conventional design
techniques; discrete resistors and
capacitors were replaced by built-in
passive elements. But even these pas-
sive elements took up space, consumed
significant power, and were generators
of heat in appreciable amounts.

The new COS/MOS units, on the
other hand, operate on nanowatts of
power in the quiescent state and use
greater power only during the instant
of switching information. Of equal im-
portance, they can pack hundreds of
switching circuits into less than .01
square inch of silicon area. In time, with
COS/MOS, the entire arithmetic and
memory sections of a computer could
be contained on only a few small chips
of silicon.

Designers have long known the advan-
tages of complementary symmetry cir-
cuit design, which uses only MOS
transistors of opposite polarity and
eliminates the use of other types of
components. These circuits only re-
quire power when the switching cycle
is actually taking place. But building
such circuits onto a single substrate
challenged the technical skills of the
semiconductor industry.

RCA had already developed a semi-
conductor substrate material (silicon)
and oxides of unsurpassed purity in
producing the single polarity metal
oxide semiconductors first made avail-
able to industry by RCA some years
ago. This technology was sufficient to
produce either n-channel or p-channel
transistors separately. But to make
COS/MOS circuits, an additional skill
was required—the ability to produce
transistors of both polarities on the
same chip. RCA engineers have devel-
oped that capability.
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This ability, combined with further
advances in metallurgy and production
techniques, has resulted in the cur-
rently available complementary sym-
metry circuits. Fig. 2 shows—in diagram
—some of the steps in producing one
COS/MOS unit, with dimensions as crit-
ical as 10-millionths of an inch!
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Fig. 2

RCA’s new COS/MOS devices will bring
an invaluable new circuit element to
designers in their continuing effort to
develop computers that approach the
human brain in small size and extreme
complexity. Computers built with these
circuits will require far less air condi-
tioning to dispose of heat (since COS/
MOS circuits eliminate heat-generating
passive components) and will take up
considerably less space. These circuits
may also make possible computers that
operate from as little power as that now
required for a portable radio!

Totally new concepts in military and
space computer applications will result
from the reductions in size, power re-
quirements, circuit interconnections
and heat generation made possible by
COS/MOS circuits. In addition, the low
unit cost per circuit function anticipat-
ed for COS/MOS circuits promises
wholly new applications of data-proc-
essing techniques and equipment—
such as desk-top computers for sci-
ence, business and industry, and the
low-cost, low-power unit for use in the
home to computerize anything from
household records to checkbook bal-
ances.

Computer technology has now taken
an important step toward rivalling the
human brain!

For detailed information about cur-
rently available COS/MOS devices and
additional application information,
write Commercial Engineering, RCA
Electronic Components and Devices,
Section C95DC, Harrison, N. J. 07029.



purer water, purer air
through UOP refining innovations

UOP is doing something positive to reduce
air pollution caused by sulfur dioxide from
industrial and residential furnaces. UOP’s RCD
Isomax™ process is proving out in use to be
an efficient, economically feasible method for
desulfurizing heavy fuel oil. By making fuel
oils burn cleaner, this UOP process helps make
the air purer. Another new UOP process,
Pacol™, isan effective countermeasure against
one desperate problem of water contamina-
tion, caused by detergents that do not break

down by bacterial action. In use, this process
and an earlier UOP process, Molex®, improve
biodegradable detergents—for purer water.
Through innovation in service to the refining
industry, and in its direct activities in air
correction and water management, UOP brings
technical competence to bear on urgent prob-
lems of environmental control. For detailed
information about UOP products and serv-
ices, write to Universal Oil Products Company,
30 Algonquin Rd., Des Plaines, lllinois 60016.

the better ideas are at l! . .
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THE AUTHORS

RICHARD L. GARWIN and HANS
A. BETHE (“Anti-Ballistic-Missile Sys-
tems”) are respectively director of ap-
plied research at the Thomas J. Watson
Research Center of the International
Business Machines Corporation and pro-
fessor of physics at Cornell University.
Garwin was graduated from the Case
Institute of Technology in 1947 and re-
ceived master’s and doctor’s degrees in
physics from the University of Chicago.
He has served as a consultant to the Los
Alamos Scientific Laboratory and the
President’s Science Advisory Committee,
of which he was a member from 1962 to
1965. Bethe, who won the Nobel prize
in physics last year “for his contributions
to the theory of nuclear reactions,” has
been at Cornell since 1935. He was chief
of the theoretical physics division at Los
Alamos during World War II and has
continued to be a consultant to the Los
Alamos laboratory as well as to several
firms involved in atomic energy. From
1956 to 1959 he was a member of the
President’s Science Advisory Committee.
In 1958 and 1959 he was a member of
the U.S. delegation at the discussions in
Geneva on the discontinuation of nu-
clear-weapons tests.

LEONARD HAYFLICK (“Human
Cells and Aging”) is professor of medical
microbiology at the Stanford University
School of Medicine. Until he went to
Stanford recently he had spent most of
his life in Philadelphia, where he was
born and educated. He received all his
university degrees from the University
of Pennsylvania: a bachelor’s degree in
microbiology in 1951, a master’s degree
in medical microbiology in 1953 and a
Ph.D. in medical microbiology and bio-
chemistry in 1956. For several years he
was a member of the faculty at the uni-
versity and then was associated with the
Wistar Institute of Anatomy and Biology
in Philadelphia. In addition to his studies
of cultured human cells Hayflick has
worked with the smallest free-living mi-
croorganisms, the mycoplasmas. In 1961
he identified the agent causing primary
atypical pneumonia in man as a myco-
plasma; previously the organism had
been thought to be a virus.

J. E. DIXON, J. R. CANN and COL-
IN RENFREW (“Obsidian and the
Origins of Trade”) are respectively at
the University of Cambridge, the British
Museum (Natural History) and the Uni-

versity of Sheffield. All three were grad-
uated from Cambridge and did graduate
work there. Dixon has remained at the
university as a Science Research Council
postdoctoral research fellow; his work
deals with the glaucophane schists of
Greece. Cann, who is a senior scientific
officer at the British Museum (Natural
History), finished his undergraduate
work at Cambridge in 1959 and obtained
a Ph.D. there in 1962. Until 1966 he was
a research fellow at St. John’s College,
Cambridge, specializing in the geology
of the ocean floor. He is continuing this
work in London. Renfrew is a lecturer in
prehistory and archaeology at Sheffield.
He received a Ph.D. from Cambridge in
1965 and became a research fellow at St.
John’s College in the same year. He has
made a special study of the prehistory of
the CycladicIslands of Greece, where he
conducted archaeological excavations in

1964 and 1965.

R. B. MERRIFIELD (“The Automatic
Synthesis of Proteins”) is professor of
biochemistry at Rockefeller University.
He was graduated from the University
of California at Los Angeles in 1943
and obtained a doctorate in chemis-
try there in 1949. He began work at
Rockefeller University (then the Rocke-
feller Institute) in 1949 as a research as-
sistant. Merrifield writes: “Virtually all
my working time for the past five or six
years has been on solid phase peptide
synthesis. Before that I worked on pep-
tide growth factors for bacteria and be-
fore that on the isolation and characteri-
zation of oligonucleotides that promote
the growth of bacteria.”

PAUL A. KOLERS (“Bilingualism
and Information Processing”) is a re-
search associate in the Research Labora-
tory of Electronics and the department
of electrical engineering at the Massa-
chusetts Institute of Technology. He
writes that he “went into psychology in
order to study how the mind works” but
that in graduate school he was “taught
that one cannot study the mind.” As a
result, after receiving a Ph.D. in experi-
mental psychology from New York Uni-
versity in 1957, he began studying how
the human visual system operates on
fairly simple targets. “The results kept
implicating ‘higher level’ processes—
what we now call cognitive processes
—so from visual form perception I went
to visual illusions, where I found that
words and instructions were important
variables in visual events. Again thrust
‘upward,” I began studying the use of
words and the relations between verbal
and visual inputs. My current work is
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on the psychology of reading. It seems
to have taken a long time, but here I am
now studying the mind.”

WERNER BRANDT (“Channeling in
Crystals”) is professor of physics at New
York University and director of the uni-
versity’s Radiation and Solid State Lab-
oratory. Hereceived a doctorate in phys-
ics at the University of Heidelberg. On
moving to the U.S. he worked in the
Central Research Department of E. L.
duPont de Nemours & Co. He went to
N.Y.U. in 1961. Among his interests is
the study of positrons. He writes: “We
try to understand microscopic proper-
ties of matter by observing the ways
positrons, the antiparticles to our elec-
trons, are created and annihilated in our
world or, as it were, in their antiworld.
When I am not doing physics, I can
sometimes be found in one of my canvas
folding boats on a lake or a river in
Maine, Florida, Lapland or Switzerland.”

J. S. MAYO (“Pulse-Code Modula-
tion”) is director of the Ocean Systems
Laboratory at the Bell Telephone Lab-
oratories. Until recently he had been for
several years head of the High-Speed
Pulse-Code Modulation Terminal De-
partment at Bell Laboratories. He joined
Bell Laboratories in 1955, the year he
obtained a Ph.D. in electrical engineer-
ing from the North Carolina State Col-
lege of Agriculture and Engineering:
Mayo also received bachelor’s and mas-
ter’s degrees in electrical engineering at
North Carolina State.

N. MROSOVSKY (“The Adjustable
Brain of Hibernators”) does research in
the department of zoology at the Uni-
versity of Toronto; he says that “this de-
partment, having some 25 ‘cold rooms’
in one building, must be one of the best
equipped in the world for studies of hi-
bernation.” Mrosovsky studied physiol-
ogy and psychology at the University of
Cambridge and then went to the depart-
ment of psychology at University Col-
lege London, where he worked for the
Medical Research Council and, in 1962,
obtained a Ph.D. He writes that he “en-
joys the challenges of widely different
types of problems,” ranging from the
work he describes in his article to “in-
vestigations in the wild of the water-
finding behavior of sea turtle hatchlings
in the Caribbean.”

VICTOR F. WEISSKOPF, who in
this issue reviews The Politics of Pure
Science, by Daniel S. Greenberg, is pro-
fessor of physics at the Massachusetts
Institute of Technology.
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Benjamin Banneker Woodcarving by William Ransom
(1732-1804) Photographed by Max Yavno

“When he published his first Almanac, Banneker was fifty-nine years old, and had
high respect paid to him by all the scientific men of the country, as one whose
colour did not prevent his belonging to the same class, so far as intellect went,
with themselves. After the adoption of the constitution in 1789, commissioners
were appointed to [establish the boundaries] of the District of Columbia....The
commissioners invited Banneker to be present...and treated him with much consid-
eration....Banneker continued to calculate and publish his Almanacs until 1802’1

1Memoir of Benjamin Banneker, John H. B. Latrobe, Maryland Historical Society,
1845, p. 10.

INTERACTIONS OF DIVERSE DISCIPLINES

Banneker taught himself the related disciplines of horology, astronomy, and mathematics.
Today, disciplines as unrelated as behavioral psychology, aerospace engineering, and medi-
cine can be made to interact for the benefit of governments and industry. At Planning
Research, the interactions occur on multidisciplined teams whose members, highly trained
in their individual professions, have broad experience in the analysis of entire systems. No
other problem-solving technique is as powerful as the Planning Research multidisciplined
team approach to systems analysis. This is particularly true for complex problems: those
that require precise determination of the most desirable of alternative combinations of
cquipment, people, and procedures, singly or collectively.

Nine hundred professionals on the Planning Research staff represent twenty-nine disci-
plines in the classical sciences; the new behavioral, management, and computer sciences;
economics; nearly all branches of engineering; and mathematics. For information on their
capability, as it might be applied to your sphere of interest, address Mr. Stuart A. Krieger,
Executive Vice President.

PLANNING RESEARCH CORPORATION

Home office: 1100 Glendon Avenue, Los Angeles,,California 90024
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Anti-Ballistic-Missile Systems

The U.S. is now building a “light” ABM system. The authors argue

that offensive tactics and cheap penetration aids could nullify

the effectiveness of this system and any other visualized so far

by Richard L. Garwin and IHans A. Bethe

| ast September, Secretary of Defense

McNamara announced that the

U.S. would build “a relatively
light and reliable Chinese-oriented ABM
system.” With this statement he appar-
ently ended a long and ccmplex debate
on the merits of any kind of anti-ballistic-
missile system in an age of interconti-
nental ballistic missiles carrying multi-
megaton thermonuclear warheads. Sec-
retary McNamara added that the U.S.
would “begin actual production of such a
system at the end of this year,” meaning
the end of 1967.

As two physicists who have been con-
cerned for many years with the develop-
ment and deployment of modern nuclear
weapons we wish to offer some com-
ments on this important matter. On ex-
amining the capabilities of ABM systems
of various types, and on considering the
stratagems available to a determined en-
emy who sought to nullify the effective-
ness of such a system, we have come to
the conclusion that the “light” system
described by Secretary McNamara will
add little, if anything, to the influences
that should restrain China indefinitely
from an attack on the U.S. First among
these factors is China’s certain knowl-
edge that, in McNamara’s words, “we
have the power not only to destroy com-
pletely her entire nuclear offensive forces
but to devastate her society as well.”

An even more pertinent argument
against the proposed ABM system, in our
view, is that it will nourish the illusion
that an effective defense against ballistic

missiles is possible and will lead almost
inevitably to demands that the light sys-
tem, the estimated cost of which exceeds
$5 billion, be expanded into a heavy sys-
tem that could cost upward of $40 bil-
lion. The folly of undertaking to build
such a system was vigorously stated by
Secretary McNamara. “It is important to
understand,” he said, “that none of the
[ABM] systems at the present or fore-
seeable state of the art would provide
an impenetrable shield over the United
States. ... Let me make it very clear that
the [cost] in itself is not the problem:
the penetrability of the proposed shield
is the problem.”

In our view the penetrability of the
light, Chinese-oriented shield is also a
problem. It does not seem credible to us
that, even if the Chinese succumbed
to the “insane and suicidal” impulse to
launch a nuclear attack on the U.S. with-
in the next decade, they would also be
foolish enough to have built complex and
expensive missiles and nuclear warheads
peculiarly vulnerable to the light ABM
system now presumably under construc-
tion (a system whose characteristics and
capabilities have been well publicized).
In the area of strategic weapons a com-
mon understanding of the major ele-
ments and technical possibilities is es-
sential to an informed and reasoned
choice by the people, through their gov-
ernment, of a proper course of action. In
this article we shall outline in general
terms, using nonsecret information, the
techniques an enemy could employ at no
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great cost to reduce the effectiveness of
an ABM system even more elaborate
than the one the Chinese will face. First,
however, let us describe that system.

Known as the Sentinel system, it will
provide for long-range interception by
Spartan antimissile missiles and short-
range interception by Sprint antimissile
missiles. Both types of missile will be
armed with thermonuclear warheads for
the purpose of destroying or inactivating
the attacker’s thermonuclear weapons,
which will be borne through the atmo-
sphere and to their targets by reentry
vehicles (RV’s). The Spartan missiles,
whose range is a few hundred kilom-
eters, will be fired when an attacker’s re-
entry vehicles are first detected rising
above the horizon by perimeter acquisi-
tion radar (PAR).

If the attacker is using his available
propulsion to deliver maximum payload,
his reentry vehicles will follow a normal
minimum-energy trajectory, and they
will first be sighted by one of the PAR’s
when they are about 4,000 kilometers,
or about 10 minutes, away [see illustra-
tion on page 26]. If the attacker chooses
to launch his rockets with less than max-
imum payload, he can put them either
in a lofted trajectory or in a depressed
one. The lofted trajectory has certain ad-
vantages against a terminal defense sys-
tem. The most extreme example of a de-
pressed trajectory is the path followed by
a low-orbit satellite. On such a trajectory
a reentry vehicle could remain below an
altitude of 160 kilometers and would not
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SENTINEL ANTI-BALLISTIC-MISSILE SYSTEM, described as a
“relatively light and reliable Chinese-oriented ABM system,” is
now under construction at an estimated cost exceeding $5 billion.
Designed to defend the entire U.S., Sentinel will depend on per-
haps six perimeter acquisition radars (PAR’s) along the country’s
borders to detect enemy missiles as they come over the northern
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horizon. The arcs at the end of the radar “fans” show where an
enemy reentry vehicle (RV) would be detected if it were in a low,
satellite-like orbit.-The PAR’s will alert Spartan interceptors lo-
cated at some 10 or a dozen sites around the U.S. The sites shown
on the map are not actual ones but indicate how the U.S. could be
covered by a pattern of 10 Spartan sites, assuming that the Spar-
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tans have an effective range of 600 kilom-
eters. Each Spartan site will be protected
by short-range Sprint missiles and will in-
(MSR) to help
guide both types of missiles. Sprints and
MSR’s will also guard the PAR installations.

clude missile-site radar

be visible to the horizon-search radar
until it was some 1,400 kilometers, or
about three minutes, away. This is
FOBS: the fractional-orbit bombard-
ment system, which allows interconti-
nental ballistic missiles to deliver per-
haps 50 to 75 percent of their normal
payload.

In the Sentinel system Spartans will
be launched when PAR has sighted an
incoming missile; they will be capable
of intercepting the missile at a distance
of several hundred kilometers. To pro-
vide a light shield for the entire U.S.
about half a dozen PAR units will be
deployed along the northern border of
the country to detect missiles approach-
ing from the general direction of the
North Pole [see illustration at left]. Each
PAR will be linked to several “farms” of
long-range Spartan missiles, which can
be hundreds of kilometers away. Next to
each Spartan farm will be a farm of
Sprint missiles together with missile-
site radar (MSR), whose function is to
help guide both the Spartans and the
shorter-range Sprints to their targets.
The task of the Sprints is to provide
terminal protection for the important
Spartans and MSR’s. The PAR’s will
also be protected by Sprints and thus
will require MSR’s nearby.

Whereas the Spartans are expected to
intercept an enemy missile well above
the upper atmosphere, the Sprints are
designed to be effective within the at-
mosphere, at altitudes below 35 kilome-
ters. The explosion of an ABM missile’s
thermonuclear warhead will produce a
huge flux of X rays, neutrons and other
particles, and within the atmosphere a
powerful blast wave as well. We shall
describe later how X rays, particles and
blast can incapacitate a reentry vehicle.

Before we consider in detail the capa-

bilities and limitations of ABM sys-
tems, one of us (Garwin) will briefly
summarize the present strategic position
of the U.S. The primary fact is that the
U.S. and the U.S.S.R. can annihilate
each other as viable civilizations within
a day and perhaps within an hour. Each
can at will inflict on the other more than
120 million immediate deaths, to which
must be added deaths that will be caused
by fire, fallout, disease and starvation.
In addition more than 75 percent of
the productive capacity of each countiy
would be destroyed, regardless of who
strikes first. At present, therefore, each
of the two countries has an assured de-
struction capability with respect to the
other. It is usually assumed that a na-
tion faced with the assured destruction
of 30 percent of its population and pro-
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ductive capacity will be deterred from
destroying another nation, no matter
how serious the grievance. Assured de-
struction is therefore not a very flexible
political or military tool. It serves only
to preserve a nation from complete de-
struction. More conventional military
forces are needed to fill the more con-
ventional military role.

Assured destruction was not possible
until the advent of thermonuclear weap-
ons in the middle 1950’s. At first, when
one had to depend on aircraft to deliver
such weapons, destruction was not really
assured because a strategic air force is
subject to surprise attack, to problems of
command and control and to attrition by
the air defenses of the other side. All of
this was changed by the development of
the intercontinental ballistic missile and
also, although to a lesser extent, by mod-
ifications of our B-52 force that would
enable it to penetrate enemy defenses at
low altitude. There is no doubt today
that the U.S.S.R. and the U.S. have
achieved mutual assured destruction.

The U.S. has 1,000 Minuteman
missiles in hardened “silos” and 54 much
larger Titan II missiles. In addition we
have 656 Polaris missiles in 41 subma-
rines and nearly 700 long-range bomb-
ers. The Minutemen alone could survive
a surprise attack and achieve assured de-
struction of the attacker. In his recent
annual report the Secretary of Defense
estimated that as of October, 1967, the
U.S.S.R. had some 720 intercontinental
ballistic missiles, about 30 submarine-
launched ballistic missiles (excluding
many that are airborne rather than bal-
listic) and about 155 long-range bomb-
ers. This force provides assured destruc-
tion of the U.S.

Secretary McNamara has also stated
that U.S. forces can deliver more than
2,000 thermonuclear weapons with an
average yield of one megaton, and that
fewer than 400 such weapons would
be needed for assured destruction of
a third of the U.S.S.R’s population
and three-fourths of its industry. The
U.S.S.R. would need scmewhat fewer
weapons to achieve the same results
against the U.S.

It is worth remembering that inter-
continental missiles and nuclear weap-
ons are not the only means of mass de-
struction. They are, however, among the
most reliable, as they were even when
they were first made in the 1940’s and
1950’s. One might build a strategic force
somewhat diftferently today, but the U.S.
and the U.S.S.R. have no incentive for
doing so. In fact, the chief virtue of as-
sured destruction may be that it removes
the need to race—there is no reward for
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COMPARISON OF NUCLEAR WEAPON CARRIERS shows that the U.S. (gray bars) out-
weighs the U.S.S.R. in every category. These figures, representing U.S. intelligence esti-
mates as of October 1, 1967, appear in the Secretary of Defense’s latest annual report. The
report notes that the number of Soviet ICBM’s had increased from 340 a year earlier. Of the
1,054 U.S. ICBM’s, 1,000 are Minutemen and 54 are Titan II’s. The 30 submarine-launched
ballistic missiles credited to the U.S.S.R. are believed to have a range considerably less than
the range of some 2,500 kilometers for the 656 Polaris missiles aboard 41 nuclear-powered
U.S. submarines. The report states that the combined U.S. force could deliver up to 4,500
nuclear warheads compared with about 1,000 larger warheads for the U.S.S.R. force.

getting ahead. One really should not
worry too much about new means for
delivering nuclear weapons (such as
bombs in orbit or fractional-orbit sys-
tems) or about advances in chemical or
biological warfare. A single thermonu-
clear assured-destruction force can de-
ter such novel kinds of attack as well.
Now, as Secretary McNamara stated
in his September speech, our defense ex-
perts reckoned conservatively six to 10
years ago, when our present strategic-
force levels were planned. The result is
that we have right now many more mis-
siles than we need for assured destruc-
tion of the U.S.S.R. If war comes, there-
fore, the U.S. will use the excess force
in a “damage-limiting” role, which
means firing the excess at those elements
of the Russian strategic force that would
do the most damage to the U.S. Inas-
much as the U.S.S.R. has achieved the
level of assured destruction, this action
will not preserve the U.S., but it should
reduce the damage, perhaps sparing a
small city here or there or reducing
somewhat the forces the U.S.S.R. can
use against our allies. To the extent that
this damage-limiting use of our forces
reduces the damage done to the U.S.S.R.
it may slightly reduce the deterrent ef-
fect resulting from assured destruction.
It must be clear that only surplus forces
will be used in this way. It should be
said, however, that the exact level of
casualties and industrial damage re-
quired to destroy a nation as a viable
society has been the subject of surpris-
ingly little research or even argument.
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One can conceive of three threats to
the present rather comforting situation
of mutual assured destruction. The first
would be an effective counterforce sys-
tem: a system that would enable the
U.S. (or the U.S.S.R.) to incapacitate the
other side’s strategic forces before they
could be used. The second would be an
effective ballistic-missile defense com-
bined with an effective antiaircraft sys-
tem. The third would be a transition
from a bipolar world, in which the U.S.
and the U.S.S.R. alone possess over-
whelming power, to a multipolar world
including, for instance, China. Such
threats are of course more worrisome in
combination than individually.

American and Russian defense plan-
ners are constantly evaluating less-than-
perfect intelligence to see if any or all of
these threats are developing. For pur-
poses of discussion let us ask what re-
sponses a White side might make to
various moves made by a Black side.
Assume that Black has threatened to
negate White’s capability of assured de-
struction by doing one of the following
things: (1) it has procured more inter-
continental missiles, (2) it has installed
some missile defense or (3) it has built
up a large operational force of missiles
each of which can attack several targets,
using “multiple independently target-
able reentry vehicles” (MIRV’s).

White’s goal is to maintain assured
destruction. He is now worried that
Black may be able to reduce to a dan-
gerous level the number of White war-
heads that will reach their target.
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White’s simplest response to all three
threats—but not necessarily the most ef-
fective or the cheapest—is to provide
himself with more launch vehicles. In
addition, in order to meet the first and
third threats White will try to make his
launchers more difficult to destroy by
one or more of the following means:
by making them mobile (for example by
placing them in submarines or on rail-
road cars), by further hardening their
permanent sites or by defending them
with an ABM system.

Another possibility that is less often
discussed would be for White to arrange
to fire the bulk of his warheads on “eval-
uation of threat.” In other words, White
could fire his land-based ballistic mis-
siles when some fraction of them had al-
ready been destroyed by enemy war-
heads, or when an overwhelming attack
is about to destroy them. To implement
such a capability responsibly requires
excellent communications, and the deci-
sion to fire would have to be made with-
in minutes, leading to the execution of a
prearranged firing plan. As a complete
alternative to hardening and mobility,
this fire-now-or-never capability would
lead to tension and even, in the event of
an accident, to catastrophe. Still, as a
supplemental capability to ease fears of
effective counterforce action, it may
have some merit.

White’s response to the second threat
—an increase in Black’s ABM defenses—
might be limited to deploying more
launchers, with the simple goal of satu-
rating and exhausting Black’s defenses.
But White would also want to consider
the cost and effectiveness of the follow-
ing: penetration aids, concentrating on
undefended or lightly defended targets,
maneuvering reentry vehicles or multi-
ple reentry vehicles. The last refers to
several reentry vehicles carried by the
same missile; the defense would have to
destroy all of them to avoid damage.
Finally, White could reopen the ques-
tion of whether he should seek assured
destruction solely by means of missiles.
For example, he might reexamine the
effectiveness of low-altitude bombers or
he might turn his attention to chemical
or biological weapons. It does not much
matter how assured destruction is
achieved. The important thing, as Sec-
retary McNamara has emphasized, is
that the other side find it credible. (“The
point is that a potential aggressor must
himself believe that our assured destruc-
tion capability is in fact actual, and that
our will to use it in retaliation to an at-
tack is in fact unwavering.”)

It is clear that White has many op-
tions, and that he will choose those that



are most reliable or those that are cheap-
est for a given level of assured destruc-
tion. Although relative costs do depend
on the level of destruction required, the
important technical conclusion is that for
conventional levels of assured destruc-
tion it is considerably cheaper for White
to provide more offensive capability than
it is for Black to defend his people and
industry against a concerted strike.

As an aside, it might be mentioned
that scientists newly engaged in the eval-
uation of military systems often have
trouble grasping that large systems of
the type created by or for the military
are divided quite rigidly into several
chronological stages, namely, in reverse
order: operation, deployment, develop-
ment and research. An operational sys-
tem is not threatened by a system that is
still in development; the threat is not real
until the new system is in fact deployed,
shaken down and fully operative. This
is particularly true for an ABM system,
which is obliged to operate against large
numbers of relatively independent in-
tercontinental ballistic missiles. It is
equally true, however, for counterforce
reentry vehicles, which can be ignored
urless they are built by the hundreds or
thousands. The same goes for MIRV's,
a development of the multiple reentry
vehicle in which each reentry vehicle
is independently directed to a separate
target. One must distinguish clearly
between the possibility of development
and the development itself, and similarly
between development and actual opera-
tion. Gne must refrain from attributing
to a specific defense system, such as Sen-
tinel, those capabilities that might be ob-
tained by further development of a dif-
ferent system.

It follows that the Sentinel light ABM
system, to be built now and to be opera-
tional in the early 1970’s against a pos-
sible Chinese intercontinental ballistic
missile threat, will have to reckon with
a missile force unlike either the Russian
or the American force, both of which
were, after all, built when there was no
ballistic-missile defense. The Chinese
will probably build even their first op-
erational intercontinental ballistic mis-
siles so that they will have a chance to
penetrate. Moreover, we believe it is
well within China’s capabilities to do a
good job at this without intensive test-
ing or tremendous sacrifice in payload.

Temporarily leaving aside penetration
aids, there are two pure strategies for
attack against a ballistic-missile defense.
The first is an all-warhead attack in
which one uses large booster rockets to
transport many small (that is, fractional-
megaton) warheads. These warheads are

separated at some instant between the
time the missile leaves the atmosphere
and the time of reentry. The warheads
from one missile can all be directed
against the same large target (such as a
city); these multiple reentry vehicles
(MRV’s) are purely a penetration aid.
Alternatively each of the reentry vehi-
cles can be given an independent boost
to a different target, thus making them
into MIRV’s. MIRV is not a penetration
aid but is rather a counterforce weap-
on: if each of the reentry vehicles has
very high accuracy, thenit is conceivable
that each of them may destroy an enemy
missile silo. The Titan II liquid-fuel
rocket, designed more than 10 years ago,
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could carry 20 or more thermonuclear
weapons. If these were employed simply
as MRV’s, the 54 Titans could provide
more than 1,000 reentry vehicles for the
defense to deal with.

Since the Spartan interceptors will
each cost $1 million to $2 million, in-
cluding their thermonuclear warheads,
it is reasonable to believe thermonuclear
warheads can be delivered for less than
it will cost the defender to intercept
them. The attacker can make a further
relative saving by concentrating his
strike so that most of the interceptors,
all bought and paid for, have nothing to
shoot at. This is a high-reliability pene-
tration strategy open to any country that
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MECHANISMS FOR KILLING REENTRY VEHICLES include the neutrons, blast and X
radiation from a thermonuclear explosion. Neutrons (1) can penetrate the fission trigger of
an enemy warhead, causing the uranium 235 or plutonium to melt and lose its shape. It can
then no longer be assembled for firing. If the defensive warhead is fired inside the atmo-
sphere, the resulting shock front of air (2) can cause the incoming reentry vehicle (RV) to
decelerate with a force equivalent to several hundred times the force of gravity, thereby
leading to its destruction or malfunction. If the explosion is outside the atmosphere, the X
rays travel unimpeded to their target. On striking an RV (3«) they are absorbed by and in-
tensely heat a thin layer of the RV’s heat jacket. This creates a shock front that travels
through the jacket (3b, 3c) and may cause the jacket to break up or detach from the RV.
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MISSILE TRAJECTORIES can be chosen by the attacker to re-
duce the effectiveness of the defender’s radar. The normal trajecto-
ry, which requires the least fuel, carries an ICBM to an altitude of
about 1,300 kilometers. On its return to the earth the missile would
intersect the path of a horizon-search radar at a distance of about

can afford to spend a reasonable fraction
of the amount its opponent can spend
for defense.

The second pure strategy for attack
against an ABM defense is to precede
the actual attack with an all-decoy
attack or to mix real warheads with de-
coys. This can be achieved rather cheap-
ly by firing large rockets from unhard-
ened sites to send light, unguided decoys
more or less in the direction of plausible
city targets. If the ABM defense is an
area defense like the Sentinel system,
it must fire against these threatening ob-
jects at very long range before they re-
enter the atmosphere, where because of
their lightness they would behave differ-
ently from real warheads. Several hun-
dred to several thousand such decoys
launched by a few large vehicles could
readily exhaust a Sentinel-like system.
The attack with real warheads would
then follow.

The key point is that since the pu-
tative Chinese intercontinental-ballistic-
missile force is still in the early research
and development stage, it can and will
be designed to deal with the Sentinel
system, whose interceptors and sensors
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are nearing production and are rather
well publicized. It is much easier to de-
sign a missile force to counter a defense
that is already being deployed than to
design one for any of the possible de-
fense systems that might or might not
be deployed sometime in the future.

()ne of us (Bethe) will now describe

(1) the physical mechanisms by
which an ABM missile can destroy or
damage an incoming warhead and (2)
some of the penetration aids available to
an attacker who is determined to have
his warheads reach their targets.

Much study has been given to the
possibility of using conventional explo-
sives rather than a thermonuclear ex-
plosive in the warhead of a defensive
missile. The answer is that the “kill” ra-
dius of a conventional explosive is much
too small to be practical in a likely tacti-
cal engagement. We shall consider here
only the more important effects of the
defensive thermonuclear weapon: the
emission of neutrons, the emission of X-
rays and, when the weapon is exploded
in the atmosphere, blast.

Neutrons have the ability to penetrate
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4,000 kilometers (A), when the missile was about 10 minutes away.
Longer-range but less precise radars may be able to detect the mis-
sile earlier. On a fractional-orbit trajectory the missile would stay
so close to the earth that it would not cross the radar horizon (B)
until it was about 1,400 kilometers, or about three minutes, away.

matter of any kind. Those released by
defensive weapons could penetrate the
heat shield and outer jacket of an offen-
sive warhead and enter the fissile ma-
terial itself, causing the atoms to fission
and generating large amounts of heat.
If sufficient heat is generated, the fissile
material will melt and lose its carefully
designed shape. Thereafter it can no
longer be detonated.

The kill radius for neutrons depends
on the design of the offensive weapon
and the yield, or energy release, of the
defensive weapon. The miss distance,
or distance of closest approach between
the defensive and the offensive missiles,
can be made small enough to achieve a
kill by the neutron mechanism. This is
particularly true if the defensive missile
and radar have high performance and
the interception is made no more than a
few tens of kilometers from the ABM
launch site. The neutron-kill mechanism
is therefore practical for the short-range
defense of a city or other important tar-
get. It is highly desirable that the yield
of the defensive warhead be kept low to
minimize the effects of blast and heat on

the city being defended.



The attacker can, of course, attempt
to shield the fissile material in the of-
fensive warhead from neutron damage,
but the mass of shielding needed is sub-
stantial. Witness the massive shield re-
quired to keep neutrons from escaping
from nuclear reactors. The size of the
reentry vehicle will enable the defense
to make a rough estimate of the amount
of shielding that can be carried and thus
to estimate the intensity of neutrons re-
quired to melt the warhead’s fissile ma-
terial.

Let us consider next the effect of X
rays. These rays carry off most of the
energy emitted by nuclear weapons, es-
pecially those in the megaton range. If
sufficient X-ray energy falls on a reentr
vehicle, it wil]ycauseggllle surface layer 0>f/
the vehicle’s heat shield to evaporate.
This in itself may not be too damaging,
but the vapor leaves the surface at high
velocity in a very brief time and the re-
coil sets up a powerful shock wave in
the heat shield. The shock may destroy
the heat shield material or the underly-
ing structure.

X rays are particularly effective above
the upper atmosphere, where they can
travel to their target without being ab-
sorbed by air molecules. The defense
can therefore use megaton weapons
without endangering the population be-
low; it is protected by the intervening
atmosphere. The kill radius can then be
many kilometers. This reduces the ac-
curacy required of the defensive missile
and allows successful interception at
ranges of hundreds of kilometers from
the ABM launch site. Thus X rays make
possible an area defense and provide the
key to the Sentinel system.

On the other hand, the reentry vehicle
can be hardened against X-ray damage
to a considerable extent. And in general
the defender will not know if the vehicle
has been damaged until it reenters the
atmosphere. If it has been severely dam-
aged, it may break up or burn up. If this
does not happen, however, the defender
is helpless unless he has also constructed
an effective terminal, or short-range, de-
fense system.

The third kill mechanism—blast—can
operate only in the atmosphere and re-
quires little comment. Ordinarily when
an offensive warhead reenters the atmo-
sphere it is decelerated by a force that,
at maximum, is on the order of 100 g.
(One g is the acceleration due to the
earth’s gravity.) The increased atmo-
spheric density reached within a shock
wave from a nuclear explosion in air can
produce a deceleration several times
greater., But just as one can shield
aguinst neutrons and X rays one can

shield against blast by designing the re-
entry vehicle to have great structural
strength. Moreover, the defense, not
knowing the detailed design of the reen-
try vehicle, has little way of knowing if
it has destroyed a given vehicle by blast
until the warhead either goes off or fails
to do so.

rlwhe main difficulty for the defense is

- the fact that in all probability the
offensive reentry vehicle will not arrive
as a single object that can be tracked
and fired on but will be accompanied by
many other objects deliberately placed
there by the offense. These objects come
under the heading of penetration aids.
We shall discuss only a few of the many
types of such aids. They include frag-
ments of the booster rocket, decoys, fine
metal wires called chaft, electronic coun-
termeasures and blackout mechanisms
of several kinds.

The last stage of the booster that has

-

HEATSINK RV

BALLOON DECOY

propelled the oftfensive missile may dis-
integrate into fragments or it can be frag-
mented deliberately. Some of the pieces
will have a radar cross section compa-
rable to or larger than the cross section
of the reentry vehicle itself. The de-
fensive radar therefore has the task of
discriminating between a mass of de-
bris and the warhead. Although various
means of discrimination are effective to
some extent, radar and data processing
must be specifically set up for this pur-
pose. In any case the radar must deal
with tens of objects for each genuine tar-
get, and this imposes considerable com-
plexity on the system.

There is, of course, an easy way to dis-
criminate among such objects: let the
whole swarm reenter the atmosphere.
The lighter booster fragments will soon
be slowed down, whereas the heavier
reentry vehicle will continue to fall with
essentially undiminished speed. If a
swarm of objects is allowed to reenter,

vy

ABLATIVE RV

DECOY

RV IN BALLOON

BOOSTER FRAGMENTS

PENETRATION AIDS include objects that will reflect radar signals and thus simulate or
conceal actual reentry vehicles (color). A decoy might be a simple conical structure or even
a metallized balloon. RV’s could be placed inside the same kind of balloon. Fragments of
the launching vehicle and its fuel tank provide radar reflectors at no cost. Short bits of
metal wire, called chaff, also make a cheap and lightweight reflector of radar signals.
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however, one must abandon the concept
of area defense and construct a terminal
defense system. If a nation insists on
retaining a pure area defense, it must be
prepared to shoot at every threatening
object. Not only is this extremely costly
but also it can quickly exhaust the sup-
ply of antimissile missiles.

Instead of relying on the accidental
targets provided by booster fragments,
the offense will almost certainly want to
employ decoys that closely imitate the
radar reflectivity of the reentry vehicle.
One cheap and simple decoy is a balloon
with the same shape as the reentry ve-
hicle. It can be made of thin plastic
covered with metal in the form of foil,

strips or wire mesh. A considerable num-
ber of such balloons can be carried un-
inflated by a single offensive missile and
released when the missile has risen above
the atmosphere.

The chief difficulty with balloons is
putting them on a “credible” trajectory,
that is, a trajectory aimed at a city or
some other plausible target. Nonethe-
less, if the defending force employs an
area defense and really seeks to protect
the entire country, it must try to inter-
cept every suspicious object, including
balloon decoys. The defense may, how-
ever, decide not to shoot at incoming
objects that seem to be directed against
nonvital targets; thus it may choose to

2,

limit possible damage to the country
rather than to avoid all damage. The of-
fense could then take the option of di-
recting live warheads against points on
the outskirts of cities, where a nuclear
explosion would still produce radioac-
tivity and possibly severe fallout over
densely populated regions. Worse, the
possibility that reentry vehicles can be
built to maneuver makes it dangerous to
ignore objects even 100 kilometers off
target.

Balloon decoys, even more than boost-
er fragments, will be rapidly slowed by
the atmosphere and will tend to burn
up when they reenter it. Here again a
terminal ABM system has a far better

-~
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RADAR BLACKOUTS can be created if enough free electrons are
released in a sizable volume of space. An attacker can use thermo-
nuclear explosions to generate the electrons required. A fireball
blackout results when the heat from a nuclear explosion strips elec-
trons from atoms and molecules of air. In this diagram a high-alti-
tude fireball has been created by an enemy missile launched in a
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low orbit. The beta rays (electrons) released in the decay of fission
products can create another type of blackout. If the beta rays are
released at high altitude, they travel along the lines of force in ithe
earth’s magnetic field (parallel colored lines) and remove electrons
from molecules in the atmosphere below. An effective beta black-
out could be produced by spreading the fission products of a one-
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SPRINT

chance than an area defense system to
discriminate between decoys and war-
heads. One possibility for an area system
is “active” discrimination. If a defensive
nuclear missile is exploded somewhere
in the cloud of balloon decoys traveling
with a reentry vehicle, the balloons will
either be destroyed by radiation from
the explosion or will be blown far off
course. The reentry vehicle presumably
will survive. If the remaining set of ob-
jects is examined by radar, the reentry
vehicle may stand out clearly. It can
then be killed by a second interceptor
shot. Such a shoot-look-shoot tactic may
be effective, but it obviously places se-
vere demands on the ABM missiles and

MISSILE MSR

FARM

megaton explosion over an area 200 kilom-
eters in radius. For several minutes the
electron cloud would heavily absorb the
long waves emitted by a PAR unit, here
aimed to the north. The shorter MSR waves,
however, would be attenuated only briefly.

the radar tracking system. Moreover, it
can be countered by the use of small,
dense decoys within the balloon swarms.

Moreover, it may be possible to devel-
op decoys that are as resistant to X rays
as the reentry vehicle and also are s'm-
ple and compact. Their radar reflectiv-
ity could be made to simulate that of a
reentry vehicle over a wide range of fre-
quencies. The decoys could also be
made to reenter the atmosphere—at least
down to a fairly low altitude—in a way
that closely mimicked an actual reentry
vehicle. The design of such decoys, how-
ever, would require considerable experi-
mentation and development.

Another way to confuse the defensive
radar is to scatter the fine metal wires of
chaff. If such wires are cut to about half
the wavelength of the defensive radar,
each wire will act as a reflecting dipole
with a radar cross section approximately
equal to the wavelength squared divid-
ed by 27. The actual length of the wires
is not critical; a wire of a given length is
also effective against radar of shorter
wavelength. Assuming that the radar
wavelength is one meter and that one-
mil copper wire is cut to half-meter
lengths, one can easily calculate that
100 million chaff wires will weigh only
200 kilograms (440 pounds).

The chaff wires could be dispersed
over a large volume of space; the chaft
could be so dense and provide such
large radar reflection that the reentry ve-
hicle could not be seen against the back-
ground noise. The defense would then
not know where in the large reflecting
cloud the reentry vehicle is concealed.
The defense would be induced to spend
several interceptors to cover the entire
cloud, with no certainty, even so, that
the hidden reentry vehicle will be killed.
How much of the chaff would survive
the defensive nuclear explosion is an-
other difficult question. The main prob-
lem for the attacker is to develop a
way to disperse chaft more or less uni-
formly.

An active alternative to the use of
chaft is to equip some decoys with elec-
tronic devices that generate radio noise
at frequencies selected to jam the defen-
sive radar. There are many variations on
such electronic countermeasures, among
them the use of jammers on the reentry
vehicles themselves.

he last of the penetration aids that

will be mentioned here is the radar
blackout caused by the large number of
free electrons released by a nuclear ex-
plosion. These electrons, except for a
few, are removed from atoms or mole-
cules of air, which thereby become ions.
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There are two main causes for the for-
mation of ions: the fireball of the explo-
sion, which produces ions because of its
high temperature, and the radioactive
debris of the explosion, which releases
beta rays (high-energy electrons) that
ionize the air they traverse. The second
mechanism is important only at high al-
titude.

The electrons in an ionized cloud of
gas have the property of bending and
absorbing electromagnetic waves, par-
ticularly those of low frequency. Attenu-
ation can reach such high values that the
defensive radar is prevented from seeing
any object behind the ionized cloud (un-
like chaft, which confuses the radar only
at the chaft range and not beyond).

Blackout is a severe problem for an
area defense designed to intercept mis-
siles above the upper atmosphere. The
problem is aggravated because area-
defense radar is likely to employ low-
frequency (long) waves, which are the
most suitable for detecting enemy mis-
siles at long range. In some recent popu-
lar articles long-wave radar has been
hailed as the cure for the problems of
the ABM missile. It is not. Even though
it increases the capability of the radar in
some ways, it makes the system more
vulnerable to blackout.

Blackout can be caused in two ways:
by the defensive nuclear explosions
themselves and by deliberate explosions
set off at high altitude by the attacker.
Although the former are unavoidable,
the defense has the choice of setting
them off at altitudes and in locations
that will cause the minimum blackout of
its radar. The offense can sacrifice a few
early missiles to cause blackout at stra-
tegic locations. In what follows we shall
assume for purposes of discussion that
the radar wavelength is one meter.
Translation to other wavelengths is not
difficult.

In order to totally reflect the one-
meter waves from our hypothetical ra-
dar it is necessary for the attacker to
create an ionized cloud containing 10?
electrons per cubic centimeter. Much
smaller electron densities, however, will
suffice for considerable attenuation. For
the benefit of technically minded read-
ers, the equation for attenuation in deci-
bels per kilometer is

_ 4-34 UJp:)

«= 3 X 10% > + 'Yv: Yo
Here o, is the plasma frequency for the
given electron density, o is the radar fre-
quency in radians per second and 1y, is
the frequency of collisions of an electron
with atoms of air. At normal tempera-
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SENTINEL MISSILES are the long-range
Spartan (left), with a reported range of sev-
eral hundred kilometers, and the Sprint
(right), which will be used for terminal de-
fense, usually below 35 kilometers. Both
will be equipped with thermonuclear war-
heads designed to destroy or disable the at-
tacker’s bomb-carrying reentry vehicles. The
Spartan, about 55 feet long, is a three-stage
solid-fuel rocket. The smaller and faster
Sprint missile uses two stages of solid fuel.
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tures this frequency vy, is the number
2 % 10'" multiplied by the density of the
air (p) compared with sea-level density
(po), or v, =2 X 101 p/p,. At altitudes
above 30 kilometers, where an area-
defense system will have to make most
of its interceptions, the density of air is
less than .01 of the density at sea level.
Under these conditions the electron col-
lision frequency v, is less than the value
of o = (27 X 3 X 10%) and therefore can
be neglected in the denominator of the
equation. Using that equation, we can
then specify the number of electrons,
N,, needed to attenuate one-meter radar
waves by a factor of more than one deci-
bel per kilometer: N, > 350p,/p. At an
altitude of 30 kilometers, where p,/p is
about 100, N, is about 3 X 10+, and at
60 kilometers N, is still only about 3 x
10%. Thus the electron densities needed
for the substantial attenuation of a radar
signal are well under the 109 electrons
per cubic centimeter required for total
reflection. The ionized cloud created by
the fireball of a nuclear explosion is typi-
cally 10 kilometers thick; if the attenua-
tion is one decibel per kilometer, such a
cloud would produce a total attenuation
of 10 decibels. This implies a tenfold re-
duction of the outgoing radar signal and
another tenfold reduction of the reflect-
ed signal, which amounts to effective
blackout.

The temperature of the fireball cre-
ated by a nuclear explosion in the atmo-
sphere is initially hundreds of thousands
of degrees centigrade. It quickly cools by
radiation to about 5,000 degrees C.
Thereafter cooling is produced primarily
by the cold air entrained by the fireball
as it rises slowly through the atmosphere,
a process that takes several minutes.

When air is heated to 5,000 degrees
C., it is strongly ionized. To produce a
radar attenuation of one decibel per
kilometer at an altitude of 90 kilometers
the fireball temperature need be only
3,000 degrees, and at 50 kilometers a
temperature of 2,000 degrees will suf-
fice. Tonization may be enhanced by
the presence in the fireball of iron,
uranium and other metals, which are
normally present in the debris of nuclear
explosion.

The size of the fireball can easily be
estimated. Its diameter is about one
kilometer for a one-megaton explosion
at sea level. For other altitudes and
yields there is a simple scaling law: the
fireball diameter is equal to (Yp,/p)!/3,
where Y is the yield in megatons. Thus
a fireball one kilometer in diameter can
be produced at an altitude of 30 kilom-
eters (where p,/p = 100) by an explo-

© 1968 SCIENTIFIC AMERICAN, INC

sion of only 10 kilotons. At an altitude of
50 kilometers (where p,/p = 1,000), a
one-megaton explosion will produce a
fireball 10 kilometers in diameter. At still’
higher altitudes matters become com-
plicated because the density of the at-
mosphere falls oft so sharply and the
mechanism of heating the atmosphere
changes. Nevertheless, fireballs of very
large diameter can be expected when
megaton weapons are exploded above
100 kilometers. These could well black
out areas of the sky measured in thou-
sands of square kilometers.

For explosions at very high altitudes
(between 100 and 200 kilometers) other
phenomena become significant. Colli-
sions between electrons and air mole-
cules are now unimportant. The condi-
tion for blackout is simply that there
be more than 10" electrons per cubic
centimeter.

At the same time very little mass of
air is available to cool the fireball. If the
air is at first fully ionized by the explo-
sion, the air molecules will be dissoci-
ated into atoms. The atomic ions com-
bine very slowly with electrons. When
the density is low enough, as it is at high
altitude, the recombination can take
place only by radiation. The radiative
recombination constant (call it Cj) is
about 102 cubic centimeter per sec-
ond. When the initial electron density is
well above 10% per cubic centimeter, the
number of electrons remaining after time
t is roughly equal to 1/Ct. Thus if the
initial electron density is 10" per cu-
bic centimeter, the density will remain
above 10* for 1,000 seconds, or some 17
minutes. The conclusion is that nuclear
explosions at very high altitude can pro-
duce long-lasting blackouts over large
areas.

"I'he second of the two mechanisms for
+ producing an ionized cloud, the beta
rays issuing from the radioactive debris
of a nuclear explosion, can be even more
effective than the fireball mechanism. If
the debris is at high altitude, the beta
rays will follow the lines of force in
the earth’s magnetic field, with about
half of the beta rays going immediately
down into the atmosphere and the other
half traveling out into space before re-
turning earthward. These beta rays have
an average energy of about 500,000
electron volts, and when they strike the
atmosphere, they ionize air molecules.
Beta rays of average energy penetrate
to an altitude of about 60 kilometers;
some of the more energetic rays go down
to about 50 kilometers. At these levels,
then, a high-altitude explosion will give



PROTOTYPE OF MISSILE-SITE RADAR is the multifunction
array radar (MAR) at the Army’s White Sands Missile Range
in New Mexico. MSR, a smaller version of MAR, will be used

rise to sustained ionization as long as the
debris of the e)?plosi(m stays in the
vicinity.

One can show that blackout will occur
if y X 12> 10= where t is the time
after the explosion in seconds and y is
the fission yield deposited per unit hori-
zontal area of the debris cloud, mea-
sured in tons of TNT equivalent per
square kilometer. The factor t12 ex-
presses the rate of decay of the radio-
active debris. If the attacker wishes to
cause a blackout lasting five minutes
(¢ = 300), he can achieve it with a debris
level y equal to 10 tons of fission yield
per square kilometer. This could be at-
tained by spreading one megaton of fis-
sion products over a circular area about
400 kilometers in diameter at an altitude
of, say, 60 kilometers. Very little could
be seen by an area-defense radar at-
tempting to look out from under such a
blackout disk. Whether or not such a disk
could actually be produced is another
question. Terminal defense would not,
of course, be greatly disturbed by a beta
ray blackout.

rl“he foregoing discussion has concen-

- trated mainly on the penetration aids
that can be devised against an area-
defense system. By this we do not mean
to suggest that a terminal-defense sys-
tem can be effective, and we certainly
do not wish to imply that we favor the
development and deployment of such
a system.

Terminal defense has a vulnerability
all its own. Since it defends only a small

area, it can easily be bypassed. Suppose
that the 20 largest American cities were
provided with terminal defense. It would
be easy for an enemy to attack the 21st
largest city and as many other unde-
fended cities as he chose. Although the
population per target would be less
than if the largest cities were attacked,
casualties would still be heavy. Alterna-
tively the offense could concentrate on
just a few of the 20 largest cities and ex-
haust their supply of antimissile missiles,
which could readily be done by the use
of multiple warheads even without de-
Coys.

It was pointed out by Charles NI
Herzfeld in The Bulletin of the Atomic
Scientists a few years ago that a judi-
cious employment of ABM defenses
could equalize the risks of living in
cities of various sizes. Suppose New
York, with a population of about 10 mil-
lion, were defended well enough to re-
quire 50 enemy warheads to penetrate
the defenses, plus a few more to destroy
the city. If cities of 200,000 inhabitants
were left undefended, it would be equal-
ly “attractive” for an enemy to attack
New York and penetrate its defenses as
to attack an undefended city.

Even if such a “logical” pattern of
ABM defense were to be seriously pro-
posed, it is hard to believe that people in
the undefended cities would accept
their statistical security. To satisfy every-
one would require a terminal system of
enormous extent. The highest cost esti-
mate made in public discussions, $50
billion, cannot be far wrong.
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to guide Spartans and Sprints to their targets. MAR provided
an early demonstration that the fastest way to aim a radar beam
at different parts of the sky is to switch the beam electronically.

Although such a massive system would
afford some protection against the
U.S.S.R’s present armament, it is vir-
tually certain that the Russians would
react to the deployment of the system.
It would be easy for them to increase the
number of their offensive warheads and
thereby raise the level of expected dam-
age back to the one now estimated. In
his recent forecast of defense needs for
the next five years, Secretary McNamara
estimated the relative cost of ABM de-
fenses and the cost of countermeasures
that the offense can take. He finds in-
variably that the offense, by spending
considerably less money than the de-
fense, can restore casualties and destruc-
tion to the original level before defenses
were installed. Since the offense is likely
to be “conservative,” it is our belief that
the actual casualty figures in a nuclear
exchange, after both sides had deployed
ABM systems and simultaneously in-
creased offensive forces, would be worse
than these estimates suggest.

Any such massive escalation of offen-
sive and defensive armaments could
hardly be accomplished in a democracy
without strong social and psychological
effects. The nation would think more of
war, prepare more for war, hate the po-
tential enemy and thereby make war
more likely. The policy of both the U.S.
and the U.S.S.R. in the past decade has
been to reduce tensions to provide more
understanding, and to devise weapon
systems that make war less likely. It
seems to us that this should remain our
policy.
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HUMAN CELLS AND AGING

When normal cells are grown outside the body, their capacity to

survive dwindles after a l)eriod of time. This deterioration may

well represent aging and an ultimate limit to the span of life

he common impression that mod-
I ern medicine has lengthened the
human life-span is not supported
by either vital statistics or biological
evidence. To be sure, the 20th-century
advances in control of infectious dis-
eases and of certain other causes of death
have improved the longevity of the hu-
man population as a whole. These ac-
complishments in medicine and public
health, however, have merely extended
the average life expectancy by allowing
more people to reach the upper limit,
which for the general run of mankind
still seems to be approximately the Bibli-
cal fourscore years. Aging and a limited
life-span apparently are characteristic of
all animals that stop growing after reach-
ing a fixed, mature size. In the case of
man, after the age of 30 there is a steady,
inexorable increase in the probability of
death from one cause or another; the
probability doubles about every eight
years as one grows older. This general
probability is such that even if the major
causes of death in old age—heart disease,
stroke and cancer—were eliminated, the
average life expectancy would not be
lengthened by much more than 10 years.
It would then be about 80 years instead
of the expectancy of about 70 years that
now prevails in advanced countries.
Could man’s life-span be extended—
or is there an inescapable aging mecha-
nism that restricts human longevity to
the present apparent limit? Until recent-
ly few biologists ventured to attempt to
explore the basic processes of aging; ob-
viously the subject does not easily lend
itself to detailed study. It is now receiv-
ing considerable attention, however, in
anumber of laboratories [see “The Phys-
iology of Aging,” by Nathan W. Shock;
SCIENTIFIC AMERICAN, January, 1962].
In this article I shall discuss some new
findings at the cellular level.
No doubt many mechanisms are in-
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by Leonard Hayflick

volved in the aging of the body. At the
cell level at least three aging processes
are under investigation. One is a pos-
sible decline in the functional efficiency
of nondividing, highly specialized cells,
such as nerve and muscle cells. Another
is the progressive stiffening with age of
the structural protein collagen, which
constitutes more than a third of all the
body protein and serves as the general
binding substance of the skin, muscular
and vascular systems [see “The Aging of
Collagen,” by Frederic Verzar; Scien-
TIFIC AMERICAN, April, 1963]. In our
own laboratory at the Wistar Institute
we have addressed ourselves to a third
question: the limitation on cell division.
Our studies have focused particularly on
the structural cells called fibroblasts,
which produce collagen and fibrin.
These cells, like certain other “blast”
cells, go on dividing in the adult body.
We set out to determine whether human
fibroblasts in a cell culture could divide
indefinitely or had only a finite capacity
for doing so.

Alexis Carrel’s famous experiments
more than a generation ago suggested
that animal cells per se (that is, cells
removed from the body’s regulatory
mechanisms) might be immortal. He
apparently succeeded in keeping chick
fibroblasts growing and multiplying in
glass vessels for more than 30 years—a
great deal longer than a chicken’s life
expectancy. Later experimenters report-
ed similar successes with embryonic cells
from laboratory mice. It has since been
learned, however, through improved
techniques and a better understanding
of cell cultures, that the conclusions
drawn from those early experiments
wWere erroneous.

In the case of chick fibroblasts it has
been repeatedly demonstrated that, if
care is taken not to add any living cells
to the initial population in the glass ves-

© 1968 SCIENTIFIC AMERICAN, INC

sel, the cell colony will not survive long.
The early cultures, including Carrel’s,
were fed a crude extract taken from
chick embryos, and it is now believed
these feedings must have contained
some living chick cells. That is to say, in
all probability the reason the cultures
continued to grow indefinitely was that
new, viable fibroblasts were introduced
into the culture at each feeding.

Restudy of the experiments in cultur-

ing mouse cells has brought to light
a highly interesting fact. It has been
found that when normal cells from a lab-
oratory mouse are cultured in a glass ves-
sel, they frequently undergo a spontane-
ous transformation that enables them
to divide and multiply indefinitely. This
type of transformation takes place regu-
larly in cultures of mouse cells but only
rarely in cultures of the fibroblasts of
man or other animals. These transformed
cell populations have several abnormal
properties, but they are truly immor-
tal: many of the mouse-derived cultures
have survived for decades. Similarly, the
famous line of transformed human cells
called HeLa, originally derived from
cervical tissue in 1952 by George O. Gey
of the Johns Hopkins University School
of Medicine, is still growing and multi-
plying in glass cultures.

On microscopic examination the trans-
formed cells show themselves to be in-
deed abnormal. Instead of the normal
number of 46 chromosomes in a human
diploid cell, the “mixoploid” HeLa cells
may have anywhere from 50 to 350
chromosomes per cell. They differ from
normal chromosomes in size and shape
and also stain differently. Moreover, they
often behave like cancer cells: inocu-
lated into a suitable laboratory animal,
they can grow as tumors. This prop-
erty of transformed cells has become an
important tool in investigations of the



HUMAN CHROMOSOMES are seen magnified 3,000 diameters in a ture, human cells display a limited capacity to divide; their finite
normal diploid cell grown in culture. The chromosomes assume longevity may be related to the finite span of human life. The
this compact form during mitotic cell division. When grown in cul- chromosomes in the picture are stained with a dye called Giemsa.

STAGES OF CELL DIVISION appear in this photomicrograph of parts; at right, top and bottom, are two nuclei in a later stage of the
human cells. The chromosomes are seen as dark clusters. Those in division cycle. The culture is stained with aceto-orcein and green
the nucleus at the center have not begun to divide. At left is a nu- counterstain. The magnification is 750 diameters. Both photomicro-
cleus in which the chromosome cluster has separated into two graphs were made by Paul S. Moorhead of the Wistar Institute.
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GROWING HUMAN CELLS cover the surface of the glass vessel in proper conditions this normal cell population will continue to pro-
which they were planted. They form a layer one cell deep. Under liferate; it will not, except in unusual cases, multiply indefinitely.

AGED HUMAN CELLS are irregular in appearance; they no long- IMMORTAL HUMAN CELLS appear in this photomicrograph

er divide. The aging of such normal cell populations is apparently made by Fred C. Jensen of the Wistar Institute. The cells, once nor-
due to an intrinsic process, not a deficiency in growing conditions. mal like those at top, have been treated with the monkey virus
The cells were taken from lung tissue and grown in glass. This SV-40; thus transformed, they can apparently multiply indefinitely.
photomicrograph and the one at top were made by the author. The magnification in these photomicrographs is 300 diameters.
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genesis of cancer. Although the spon-
taneous transformation of human cells
is rare, investigators of cancer are mak-
ing use of the recent discovery that nor-
mal human cells can be routinely trans-
formed into cancer cells by exposing
them to the monkey virus known as
SV-40.

A crucial consideration for the rele-
vance of cells in culture to aging, of
course, is that they are normal cells.
Our interest is therefore directed not
to abnormal cells but to the observa-
tion that normal cells do not divide
indefinitely. Whereas a population of
transformed cells will proliferate and
survive for decades in cell culture, no
one has succeeded in perpetuating a cul-
ture of normal animal cells. The same is
true of cells implanted in a living animal.
Transformed cells will go on growing
indefinitely in a series of tissue trans-
plants from animal to animal, but normal
cells will not. Peter L. Krohn of the Uni-
versity of Birmingham has shown, for
example, that normal mouse skin can
survive only a limited number of serial
grafts from one mouse to another in the
same inbred strain.

Over the past seven years in our lab-
oratory Paul S. Moorhead and I have
been studying cell cultures of normal
human fibroblasts. Unlike highly spe-
cialized cells, fibroblasts (which serve
as the structural bricks for most body
tissues) will grow and multiply in a nu-
trient medium in glass bottles. We have
used lung tissue as our principal source
of the cells. We break down the tissue
into separated cells by means of the
digestive enzyme trypsin, then remove
the trypsin by centrifugation and seed
the cells in a bottle containing a suitable
growing medium. After a few days of
incubation at 99 degrees Fahrenheit the
fibroblasts have spread out on the glass
surface and begun to divide. In a week
or so they cover the entire available sur-
face with a layer one cell deep. Since
they will proliferate only in a single lay-
er, we strip oft the layer that has covered
the bottle surface, again separate the
cells with trypsin and plant half of the
cells in each of two new bottles with
fresh medium. In three or four days the
inoculated fibroblasts grow over all the
available surface in each bottle, thus
doubling the number of cells taken from
the original bottle. As this procedure is
repeated at four-day intervals, the fibro-
blasts continue to proliferate in new bot-
tles, doubling in number each time.

We found that fibroblasts taken from
four-month-old human embryos doubled
in this way about 50 times (the limit
ranged between 40 and 60 doublings).

After reaching this limit of capacity for
division the cell population died. It could
therefore be concluded that human fibro-
blasts derived from embryonic tissue and
grown in cell culture have a finite life-
time amounting to approximately 50
population doublings (which in our cul-
ture covered a span of six to eight
months).

Further study reinforced this conclu-
sion. It turned out, for example, that if
cell division was interrupted and then
resumed, the total number of population
doublings was not altered. In our experi-
ments we did not, of course, double the
number of bottles at each step; after only
10 doubling passages we would have had
1,024 bottles, and 50 doublings of the
original seeding of fibroblasts could have
produced about 20 million tons of cells!
To keep the yield within reasonable
bounds we set aside most of the cells
from the subcultivations and put them in
cold storage. We found they could be
kept in suspended animation for appar-
ently unlimited periods; even after six
years in storage they proved to be ca-
pable of resuming division when they
were thawed and placed in a culture
medium. They “remembered” the dou-
bling level they had reached before stor-
age and completed the course from that
point. For example, cells that had been
stored at the 30th doubling went on to
divide about 20 more times.

’]‘he geometric rate of increase of the

cells in culture has made it possible
to provide essentially unlimited supplies
of the cells for experiments. Samples of
one of our strains of normal human fibro-
blasts (WI-38), “banked” after the eighth
doubling in liquid nitrogen at 190 de-
grees below zero centigrade, have been
distributed to hundreds of research lab-
oratories around the world. The stored
cells presumably would be available for
study far in the future. For instance,
well-protected capsules containing fro-
zen cells might be buried in Antarctica
or deposited in orbit in the cold of outer
space for retrieval many generations
hence. Investigators might then be able
to use them to study, among other things,
whether or not time had brought about
any evolutionary change in the aging of
man or other animals at the cellular
level.

We found further confirmation of the
finite lifetime of human fibroblasts when
we cultured such cells from adult do-
nors. Samples of lung fibroblasts taken
at the time of death from eight adults,
ranging in age from 20 to 87, underwent
14 to 29 doublings in cell culture after-
ward. The number of doublings in these
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tests did not show a clear correlation
with the age of the donor, but presum-
ably this was because our method of
measuring the doubling of cell popula-
tions in bottles is not sufficiently precise
to disclose such a correlation in detail.
Our current experiments do suggest,
however, that consistent differences can
be found between broad age groups. It
appears that fibroblasts from human em-
bryos will divide in cell culture 50 = 10
times, those from persons between birth
and the age of about 20 will divide
30 = 10 times and those from donors
over 20 will divide 20 = 10 times.

We have tested fibroblasts from sev-
eral human embryonic tissues besides
lung tissue and found that they too are
limited to a total of about 50 divisions in
culture. The doubling lifetimes of fibro-
blasts from animals other than man have
also been studied. As one would expect,
the cells of the shorter-lived vertebrates
show less capacity for division. For ex-
ample, normal fibroblasts from embryos
of chickens, rats, mice, hamsters and
guinea pigs usually double no more than
15 times in cell culture, and cells that
have been taken from adults of the same
species undergo considerably fewer than
15 divisions.

Early in our experiments it became evi-
dent that we had to examine the
possibility that a lethal factor in the cul-
ture medium or a defect in the culture
technique might be responsible for the
limitation of division and ultimate death
of the cells. Did the cells stop dividing
because of some lack in the nutrient mix-
ture or the presence of contaminating
microorganisms such as viruses? We ex-
plored these possibilities by various ex-
periments, one of which consisted in cul-
turing a mixture of normal fibroblasts
taken from male and female donors. Fe-
male cells can be distinguished from
male cells either by the presence of spe-
cial chromatin bodies (found only in fe-
male cells) or by the visible difference
between the XX female sex chromo-
somes and the XY male chromosomes.
As a consequence we were able to use
these cell “markers” as a label for follow-
ing the progeny of the respective original
parents.

We seeded a bottle with a certain
number of fibroblasts from a male popu-
lation that had undergone 40 doublings
and with an equal number of fibroblasts
from a female population that had gone
through only 10 doublings. If some in-
adequacy of the culture or the accumu-
lation of a killing factor in the medium
were the primary cause of cell death in
our cultures, then in this experiment the
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number of doublings in culture should
have been the same for both the male
and the female cells after we had mixed
them together; there is no reason to sup-
pose that a nutritional inadequacy or a
lethal factor such as a virus would act
preferentially on the cells of a particular
sex. Actually the male and female cells
composing the mixture, presumably be-
cause of their difference in age, proved
to have sharply different survival rates.
Most of the male population, having
already undergone 40 doublings before
the mixture was made, died oft after 10
more doublings of the mixed culture,
whereas the “young” female population
of cells in the same mixed culture, with
only 10 previous doublings, went on di-
viding for many more than the male.
After 25 doublings all the male cells had
disappeared and the culture contained
only female cells. These results appear to
confirm in an unambiguous way that the
life-span of fibroblast populations in our
cell cultures is determined by intrinsic
aging of the cells rather than by external
agencies.

Does this aging result from depletion
or dilution of the cells’ own chemical
resources? We considered the possibility
that the eventual death of the cells might
be attributable to the exhaustion of some
essential metabolite the cells could not
synthesize from the culture medium. If
that were the case, however, the original
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CULTIVATION OF HUMAN CELLS in the author’s laboratory begins with the hreakdown

of lung tissue into separate cells. This is accomplished by means of the digestive enzyme

store of this substance must be very
large indeed to enable the cells to multi-
ply for 50 generations. Simple mathe-
matics showed that in order to provide at
least one molecule of the hypothetical
substance for each cell by the 50th dou-
bling, the original cell would have to
have at least three times its known
weight even if the substance in question
were the lightest element (hydrogen) and

the original parent cell were composed
entirely of that element!

By isolating individual cells and devel-
oping clones (colonies) from them we
have been able to establish that each hu-
man fibroblast from an embryo is capa-
ble of giving rise to about 50 doubling
generations in cell culture. As the cell
proliferation proceeds there is a gradual
decline in the capacity for reproduction.

SUBCULTIVATIONS
0 10 20 30 40 50 60 70

ATIVE NUMBER OF CELLS

0 2 4 6 8 10 12 14
MONTHS

LIFETIME OF HUMAN CELLS was determined by allowing a
population to multiply until it had doubled in size. After a culture of
cells from embryonic tissue had grown to a particular point, it was
divided in two (see illustration at top of these two pages). Cell divi-
sion ceased after about 50 such subcultivations had doubled. It is pos-
sible at any time (although it is rare) for a spontaneous change to
occur after which the cells multiply indefinitely (broken line).
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TRANSFORMED HUMAN CELLS are distinguished by their mor-
phology and reaction to staining. The darker amnion cells, forming
a large island at lower left, have undergone a spontaneous trans-
formation. They will continue to divide after the neighboring cells
have died. Transformed, or “mixoploid,” cells have more chromo-
somes than diploid cells do; they are utilized in cancer research.
The magnification of this photomicrograph is about 180 diameters.
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trypsin. After the cells, seeded in a bottle, have multiplied to cover
its surface, they are again treated with trypsin, then divided into

Investigators in several laboratories have
found that in successive generations of
the multiplying cells a larger and larger
fraction of the progeny becomes incapa-
ble of dividing until, by the 45th or 50th
doubling generation, the entire popula-
tion has lost this ability.

Curiously, as the population of human
fibroblasts approaches the end of its life-
time, aberrations often crop up in the
chromosomes. Chromosome aberrations
and cell-division peculiarities related to
age have also been observed in human
leucocytes and in the liver tissue of living
mice. The question of whether or not cell
abnormalities are a common accompani-
ment of human aging remains a moot
point, however; there is no clear clinical
or laboratory evidence on the matter.

Our information on the aging of cells
so far is limited to what we can observe
in cell cultures in glassware. It has not
yet been established that fibroblasts be-
have the same way in living animals as
they do in an artificial culture. However,
in man several organs lose weight after
middle age, and this is directly attribut-
able to cell loss. The human brain weighs
considerably less in old age than it does
in the middle years, the kidney also
shows a large reduction in nephrons ac-
companying cell loss and the number
of taste buds per papilla of the tongue
drops from an average of 245 in young
adults to 88 in the aged. We cannot be
certain that fibroblasts stop dividing or
divide at a lower rate as an animal ages
or that the bodily signs of aging can be
explained on that basis. It is well known,
however, that certain cell systems in ani-
mals do stop dividing and die in the
normal course of development. Familiar
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examples are the larval tissues of insects,
the tail and gills of the tadpole and some
embryonic kidney tissues (the proneph-
ros and mesonephros) in the higher ver-
tebrates.

Reviewing these phenomena, John W.
Saunders, Jr., of the School of Veterinary
Medicine of the University of Pennsyl-
vania has suggested that the death of
cells resulting in the demise of specific
tissues is a normal, programmed event
in the development of multicellular ani-
mals. By the same reasoning we can sur-
mise that the aging and finite lifetime
of normal cells constitute a programmed
mechanism that sets an overall limit on
an organism’s length of life. This would
suggest that, even if we were able to
checkmate all the incidental causes of
human aging, human beings would in-
evitably still succumb to the ultimate
failure of the normal cells to divide or
function.

In this connection it is interesting to
consider what engineers call the “mean
time to failure” in the lifetime of ma-
chines. Every machine embodies built-
in obsolescence (intentional or unin-
tentional) in the sense that its useful
lifetime is limited and more or less pre-
dictable from consideration of the dura-
bility of its parts. By the repair or re-
placement of elements of a machine as
they fail its lifetime can be extended, but
barring total replacement of all the ele-
ments eventual “death” of the machine
as a functioning system is inevitable.

\ /hat might determine the “mean

time to failure” of an animal orga-
nism? I suggest that animal aging may
result from deterioration of the genetic
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two halves and replanted. Most cells thus grown are placed in
cold storage. Thawed and planted years later, they resume division.

program that orchestrates the develop-
ment of cells. As time goes on, the DNA
of dividing cells may become clouded
with an accumulation of copying errors
(analogous to the “noise” that develops
in the serial copying of a photograph).
The coding and decoding system that
governs the replication of DNA operates
with a high degree of accuracy, but the
accuracy is not absolute. Moreover, there
is some experimental evidence that, as
Leslie E. Orgel of the Salk Institute for
Biological Studies has suggested, cer-
tain enzymes involved in the transcrip-
tion of information from DNA for the
synthesis of proteins may deteriorate
with age. At all events, since the abil-
ity of cells to divide or to function is
controlled by the inherited information-
containing molecules, it seems likely that
some inherent degeneration of these
molecules may hold the key to the aging
and eventual death of cells.

Pursuing the machine analogy, we
might surmise that man is endowed with
a longer life-span than other mammals
because human cells have evolved a more
effective system for correcting or repair-
ing errors as they arise. Such an evolution
would account for the generally progres-
sive lengthening of the fixed life-span
from the lower to the higher animals;
presumably the march of evolution has
developed improvements in the cells’
error-repairing mechanisms. It is clear,
however, that even in man this system is
far from perfect. In the idiom of com-
puter engineers we might say that man,
like all other animals, has a “mean time
to failure” because his normal cells
eventually run out of accurate program
and capacity for repair.
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Obsidian and the Origins of Trade

Vojects made of this volcanic glass are found at manyv Neolithic
Object le of this vol gl [ at v Neolitl

sites around the Mediterranean. Spectroscopic analyvsis indicates

that the raw material often came from hundreds of miles away

by I. E. Dixon, J. R. Cann and Colin Renfrew

r I Yhe transition from hunting to farm-
ing, which started mankind on the
road to civilization, presents a
number of interesting questions for in-
vestigators, not the least of which is the

extent of communication among early
human settlements. Archaeological ex-

plorations in recent years have unearthed
the sites of prehistoric villages that were
widely scattered in southwestern Asia
and around the Mediterranean. The
earliest communities—for example Jarmo
in what is now Iraq and Jericho in Jor-
dan—apparently were settled some 10,-

OBSIDIAN BOWL made during the fourth millennium B.c. is seen from above, its spout
jutting out at the right. The translucent bowl, which is nearly eight inches in diameter,
comes from the Mesopotamian site of Tepe Gawra (see illustration on page 46). Trace-
element analysis shows that the obsidian comes from Acigél, 400 miles to the west in Turkey.
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000 years ago [see “The Agricultural
Revolution,” by Robert J. Braidwood;
SCIENTIFIC ~ AMERICAN,  September,
1960]. One might suppose the primeval
villages, separated by hundreds of miles
and often by mountains or water, were
isolated developments, not even aware
of one another’s existence. There have
been reasons to suspect, however, that
this was not the case, and we have now
found definitive evidence that the pre-
historic communities throughout the
Near East and the Mediterranean region
were in active communication.

What kinds of evidence of communi-
cation between geographically separated
peoples might one look for? Obviously in
the case of prehistoric peoples the only
materials available for study are the re-
mains of the objects they made or used.
In the search for signs of possible con-
tact between two cultures archaeologists
have generally depended on a compar-
ative examination of the artifacts. If
the two cultures show strong similarities
in knowledge or technique—say in the
method of working flint or the style of
pottery—this is taken to signify mutual
contact and perhaps actual trade in ob-
jects. At best, however, such evidence is
only suggestive and is always subject to
doubt; it leaves open the possibility that
the similarities, no matter how close
they are, may be mere coincidence, the
two peoples” having hit independently
on a natural and obvious way of doing
things.

The raw materials of which the ob-
jects were made, on the other hand,
may offer an opportunity for a more de-
cisive inquiry. If a material used by a
community does not occur locally in the
raw state, one must conclude it was im-
ported, and the possibility exists that it
was obtained in trade with another pop-
ulation. One can then start on the task



SPECTROGRAMS of three obsidian samples, reproduced here in
part, show that differing proportions of trace elements make possi-
ble the identification of obsidian from different volcanic deposits.
At top are two parts of the spectrogram of raw volcanic glass from
Melos in the Aegean Sea. Matching parts of a spectrogram of a
piece from an obsidian blade unearthed at Ali Kosh in Iran are
at center. Matching parts of a spectrogram of volcanic glass from

Nemrut Dag, near Lake Van in Armenia, are at bottom. In the top
specimen the spectral lines of strontium (“a” at left, 4,607.4 ang-
strom units) and barium (“b” at left, 4,554 angstroms) are relatively
long, indicating proportions of some 200 parts per million and 700

in the center and bottom specimens. The spectral line of zirconium
(“c” at right, 3,438 angstroms) is relatively short in the top speci-
men, indicating a concentration of about 50 parts per million. In
the other two specimens the long zirconium lines indicate a con-
centration of about 700 parts per million. Palladium (spectral lines
labeled “Pd” to the left of “c”) is not a normal trace element in
obsidian; the element is added to provide a standard for calibra-
tion. The trace-element differences show that the Ali Kosh artifact
(center) could not have been made of obsidian from Melos but in-
stead is chemically similar to the obsidian found at Nemrut Dag.
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OBSIDIAN FROM MELOS, in the form of a core from which blades have been flaked,
shows the characteristic glistening surface of this volcanic glass. Obsidian was probably
traded in the form of glass lumps or cores that the final purchaser turned into tools himself.

SCULPTURED SEASHELL, carved from a variety of obsidian with distinctive white spots,
was found in a Minoan site on Crete. Sir Arthur Evans, the pioneer student of Cretan pre-
history, thought the obsidian had come from Lipari, off Sicily, where similarly spotted vol-
canic glass is common. Analysis now proves that it came from nearby Giali in the Aegean.
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of tracing the material to its source.

It occurred to us that obsidian might
be an ideal material for a tracer investi-
gation of this kind. Obsidian is a hard,
brittle volcanic glass that can be chipped
like flint and fashioned into a sharp tool.
It is known to have been used for knives
and scrapers by prehistoric men as early
as 30,000 years ago. Obsidian tools have
been found in nearly every early village
site in the Near East and the Mediter-
ranean 1‘egi(m. Yet for most of these sites
it was an indubitably foreign material;
it can be obtained only in certain areas
of recent volcanic activity, which in that
part of the world means the region
around Italy, some islands in the Aegean
Sea and certain areas in modern Turkey
and Iran. Some of the ancient villages
where obsidian tools were used were
many hundreds of miles from the nearest
natural source of the material.

[,Iow could one identify the particular
source from which the obsidian was
obtained in each case? Clearly our first
task was to determine whether or not
obsidian samples showed distinguishable
differences that could be connected with
their source. We considered several pos-
sible criteria. Physical appearance obvi-
ously would not be a reliable guide, be-
cause obsidian samples from a single
volcanic deposit may vary greatly in visi-
ble characteristics such as color. Micro-
scopic examination was not helpful: the
obsidian tools were generally made of
material that is uniform in structure,
without crystalline inclusions. Chemical
analysis of the main components was
also of no avail, because all samples of
obsidian are substantially alike from this
point of view. We decided finally on a
chemical test based on the presence of
trace elements. Perhaps the obsidian
samples would show distinct differences
in their trace-element content that could
be identified with the deposits from
which they came.

In order to explore this possibility we
began by analyzing samples of obsidian
collected from various well-known vol-
canic sources in the Mediterranean area:
Lipari, a volcanic island north of Sicily,
two areas in Sardinia, the islands of
Pantelleria and Palmarola and the island
of Melos in the Aegean Sea.

For chemical analysis of the samples
we used a convenient spectrographic
method that archaeologists have long
employed on metal objects. Every ele-
ment emits characteristic wavelengths of
light when it is heated to incandescence;
a familiar example is the yellow light of
burning sodium. By passing the light
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SOURCES OF OBSIDIAN in the Mediterranean and the Near East
during Neolithic times included volcanic areas in Sardinia and on
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islands of Melos and Giali in the Aegean Sea, two central Anatolian
sites, Acigol and Ciftlik, and several places in ancient Armenia, in-
cluding Bingol in eastern Turkey and Nemrut Dag near Lake Van.
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from a mixture of elements through a
prism or diffraction grating that spreads
out the wavelengths in a spectrum, one
can separate the emissions of the various
elements and detect trace elements that
are present even in the amount of only
a few parts per million. The beauty of
the method for studying archaeological
specimens is that accurate measurements
can be obtained from very small amounts
of material. Sixty milligrams taken from
a sample is sufficient. Ground to a fine
powder, mixed with an equal amount of
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carbon and ignited in a carbon arc, this
material yields a spectrographic picture
that gives a measure of the quantity of
each trace element in the sample; the
quantity is indicated by the intensity
(photographically the height) of the ele-
ment’s spectral lines.

We obtained readings for 16 elements
in our samples of obsidian. Among the
trace elements found to be present, the
two that showed the greatest quantita-
tive variation over the range of samples
were barium and zirconium. We there-
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TWO TRACE ELEMENTS, barium and zirconium, provide the principal means of identify-
ing the sources of obsidian artifacts from central Mediterranean and Aegean sites. Obsidian
from both Sardinian sources is richer in barium than obsidian from Pantelleria, Lipari and
Palmarola, whereas Pantellerian obsidian is the richest of all in zirconium. Other trace ele-
ments, not plotted here, allow additional distinctions to be drawn. Although their barium
and zirconium contents are similar, the high calcium content of Gialian obsidian distin-
guishes it from Melian, whereas Palmarolan obsidian is much richer in cesium than Liparian.
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fore tried using the relative concentra-
tions of these two elements as a test for
identification of the source [see illustra-
tion on this page]. To our immense satis-
faction these quantities were found to
indicate the geographical source quite
well. Samples from various flows and
outcrops at Lipari, for instance, all
showed much the same proportion of
barium to zirconium; those from Melos
had characteristic contents of these ele-
ments different from those at Lipari. The
Pantelleria and Sardinia samples like-
wise could be distinguished on the same
basis. The Palmarola samples turned out
to be similar to the Lipari ones on the
barium-zirconium graph, but we found
we could distinguish them from the
Lipari type by their content of another
trace element, cesium.

I,Iaving established these markers for

identifying the obsidian sources, we
were in a position to determine the raw-
material origins of obsidian tools found
at the sites of ancient settlements. The
little island of Malta, south of Sicily, of-
fered objects for a clear-cut test. The re-
mains of a remarkable prehistoric society
of 5,000 years ago, marked by colossal
stone temples, have been unearthed on
this island. The finds include small obsid-
ian tools. There are, however, no natu-
ral obsidian deposits on the island.
Where, then, did the material come
from? Some archaeologists had suggest-
ed that it might have been brought there
by Minoan traders from the island of
Melos, 600 miles to the east. Our trace-
element analysis of the Malta tools dis-
closed that this conjecture was incorrect:
the obsidian was of the types found on
Lipari and on Pantelleria, a tiny island
150 miles northwest of Malta.

The findings revealed two important
facts about the ancient Maltese settle-
ment. They showed that the island peo-
ple in that early Neolithic period were
already accomplished seafarers, travel-
ing frequently to Sicily, Lipari and
Pantelleria. On the other hand, the ob-
sidian evidence also indicated that the
Maltese people had little or no contact
with the contemporary Minoan settle-
ments of the Aegean area. Their stone
temples may well have been their own
invention.

Our tests resolved another question
involving the Minoan culture. Sir Arthur
Evans, the illustrious archaeologist who
excavated the palace at Knossos on Crete
more than half a century ago, found a
number of finely carved objects there
that were made of a variety of obsidian
marked by prominent white spots. He
concluded that this material came from
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Lipari, some of whose obsidian also has
white spots. On trace-element examina-
tion, however, it now turns out that the
white-spotted obsidian at Knossos came
not from Lipari but from the small is-
land of Giali some distance north of
Rhodes. The Knossos remains also in-
clude tools made of unspotted obsidian.
Analysis shows that this material came
from Melos, which is to be expected,
since Melos is the nearest obsidian source
to Crete. In general, the obsidian evi-
dence establishes the early Aegean is-
landers as skilled sailors and traders, dis-
seminating the material not only among
the islands but also to settlements in
Greece and Turkey.

The obsidian tracer work, begun only
six years ago, has given rise to investiga-
tions at various institutions in Britain,
the U.S. and elsewhere, and studies are
going forward on material from early set-
tlements in Europe, in the Middle East,
in Mexico, California and the Great
Lakes region of the New World, in New
Zealand and in Africa, where early man

ASILKLI HUYDK

CARKINI
[ J

K S EA

E LRMIA
OO BINGOL
CAYONU
ACISOL ® O TELL SHEMSHARAH
O CIFTLIK . J JARMO
CATAL HUYUK L 2%
°¢ | MATARRAH EARAB
MERSIN TELL AL-JUDAIDAH < PN
®0 o \ A — TEPE GURAN
Lo
RAS SHAMRA *O ———-\_\ .
(o] wosn
* 0
BYBLOS

KHIROKITIA

L ]
Q

TELL RAMAD
|

JERICHO
o]

MILES

1
400

NEOLITHIC NEAR EAST was another scene of active obsidian trade. Cypriot, Anatolian
and Levant villages obtained obsidian mainly from two sources in Anatolia: Acigol and
Ciftlik. Mesopotamian villages, in turn, depended on sources in Armenia. The locations of
two, Nemrut Dag and Bingél, are known. A third variety of obsidian, found at many Meso-
potamian sites, is also probably Armenian but its source is not yet known. A heavy line sur-
rounds a nuclear zone within each trade area. These are designated “supply zones” by the
authors: more than 80 percent of the chipped-stone tools at supply-zone sites are obsidian.

made hand axes of obsidian as long as
100,000 years ago. Our own group at
the University of Cambridge, having
verified the validity of the method by
the Mediterranean tests, has proceeded
to apply it to an investigation of the ori-
gins of trade among the earliest settle-
ments of man in the Near East, that is to
say, in Mesopotamia and in Turkey,
Palestine and Egypt.

The first problem in the study of this
region was to locate the natural sources
of obsidian. A number of sources (all
volcanic, of course) have now been iden-
tified in mountainous areas of Turkey
and northern Iran [see top illustration on
page 41] and in Ethiopia to the south.
All the available geological evidence in-
dicates that the entire region between
these places, including Egypt, is devoid
of natural deposits of obsidian. This
means that every prehistoric village in
the “fertile crescent,” where farming be-
gan, had to import its obsidian.

Samples from all the natural deposits
and from the obsidian artifacts found

© 1968 SCIENTIFIC AMERICAN, INC

in the village sites were analyzed. They
were found to be definable in eight dif-
ferent groups, or types, according to
their barium-zirconium content, and in
some groups the presence of another
trace element (like that of cesium in the
Palmarola obsidian) served additionally
to distinguish the particular source of the
material. Some of the obsidian artifacts
could not be matched to any known nat-
ural source. This necessarily called for
searches for the missing sources. The
composition of the natural obsidian sam-
ples suggested a certain geographical
pattern of distribution, and this clue led
to the discovery of at least one missing
source. A few sources have not yet been
located precisely, but the basic pattern
of sources and destinations is now clear
enough to provide a good picture of the
movement and trade routes of obsidian
in the period when the first steps toward
civilization (variously called the “agri-
cultural revolution” or the “neolithic
revolution”) were taking place.

By about 9000 B.c. groups of people
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INFLUENCE OF GEOGRAPHY on trade in tool materials is apparent from the total obsid-
ian and its proportion to other stone tools at three Zagros villages that imported Armenian
obsidian during the seventh to sixth millenniums B.c. Jarmo, although outside the Armenian
supply zone (see illustration on preceding page), was nonetheless well supplied with obsid-
ian in terms both of percentage (top graph) and of estimated total weight of the material
(bottom graph). The reduction in both percentage and weight at two more distant towns,
Sarab and Ali Kosh (plotted for three periods), is drastic. Both distance and the difficult
terrain apparently contributed to the scantiness of trade in the case of Sarab, a hill town.
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in the Near East had begun to prac-
tice an incipient agriculture: selectively
hunting and perhaps herding sheep and
goats and harvesting wild prototypes of
wheat and barley. They were not yet
using obsidian to any appreciable ex-
tent. By the time the first farming vil-
lages were founded, probably a little
after 8000 B.c., obsidian had come into
rather general use. Naturally the extent
of adoption of the material varied with
distance from the sources of supply, and
this is clearly traceable in the obsidian
objects found at the sites of the ancient
villages.

Within 150 to 200 miles of the ob-
sidian deposits in Turkey and Armenia
most of the chipped-stone tools found
in the early prehistoric village sites are
of obsidian: 80 percent, as against only
20 percent of flint. From that zone the
proportion of obsidian falls off nearly
exponentially with distance. This is clear-
ly illustrated by the distribution of ob-
sidian from a natural source in the
volcanic area around Ciftlik, near the
present town of Nigde in Turkey. At
Mersin, the site of an early village on the
Mediterranean coast not far from Ciftlik,
obsidian was the most common chipped-
tool material. From there its use di-
minished rapidly down the Levant coast,
until at Jericho, 500 miles from the
source, it is found only in very small
quantities, most of the chipped tools
there being made of flint. A few pieces of
Ciftlik obsidian have been found, how-
ever, even at a Neolithic settlement on
Cyprus, which indicates at least a trad-
ing contact across the water. Some of the
obsidian from Turkish sources was dis-
tributed over distances of more than 600
miles in the early Neolithic period.

The early villages near the sources in
Turkey developed a rich art and crafts-
manship in obsidian. Particularly im-
pressive are the objects found at Catal
Hiiyiik, a 6000 B.c. village that was so
large it can be called a town. Among its
obsidian products were beautifully made
daggers and arrowheads and carefully
polished mirrors, as sophisticated as any
of those made 7,000 years later in Aztec
Mexico.

Jarmo, one of the earliest-known vil-
lages in the fertile crescent, was favored
by proximity to several obsidian sources.
At least two of these sources furnished
considerable amounts of the material,
estimated to total 450 pounds or more,
to Jarmo in very early times. From this it
appears that well before 6000 B.c. Jarmo
must have been conducting a thriving
trade across the mountains that brought
it into contact with the communities to
the north in Armenia. There were then



no wheeled vehicles (they were not in-
vented until 3,000 years later) and not
even pack animals. Hence all the traded
goods, including obsidian, must have
been transported on foot, or perhaps part
of the way in boats down the Tigris
River.

Tracing the varieties of obsidian from

their sources to the villages where
they turn up in manufactured objects,
we can reconstruct the trade routes of
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that early time in man’s economic and
social history. The routes, crossing moun-
tains, deserts and water, connect the
early settlements with a network of com-
munications that must have influenced
their development profoundly. No doubt
goods besides obsidian were traded over
these routes; indeed, it seems likely that
there was a trade in perishable commodi-
ties that was much greater in size and
economic significance than that in obsid-
ian. Clearly, however, the most impor-
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tant traffic must have been in ideas. The
network of contacts arising from the
trade in goods must have been a major
factor in the rapid development of the
economic and cultural revolution that
within a few thousand years transformed
mankind from a hunting animal to a
builder of civilization.

Obsidian now furnishes us with a tool
for retracing the communications at the
beginning of the revolution, more than
3,000 years before the invention of writ-
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DISTANCE FROM SOURCE (KILOMETERS)

PARALLEL DECLINE in obsidian abundance proportional to the distance from the source
is evident in both Near East trade areas during the period from 6500 to 5500 B.c. Not all the
sites named here are included in the map on the next page. The boundary between a supply
zone and the wider hinterland that the authors call a “contact zone” appears to lie about 300
kilometers from each area’s obsidian sources. Poor supply of obsidian at the Cyprus site in
spite of its nearness to sources in Turkey is a second example of the influence of geographi-
cal factors other than distance. The necessary ocean voyage apparently inhibited trade.
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SOURCE SITE POST-NEOLITHIC TRADUE, its directions often traceable by means of luxury items made
RM ‘ L g from obsidian, was cosmopolitan in its extent. Two new sources of supply in the Lake Urmia
ARMENIAN 3A A A area of Armenia were developed and Armenian obsidian was traded as far west as the Levant
OBSIDIAN 4C O o and as far south as Bahrain on the Persian Gulf. Obsidian from Turkey was carried west-
ward to Crete and was transported for the first time across the desert to Mesopotamia. Ethi-
ANATOLIAN 1E-F ] ® opian obsidian holds the Near East travel record; a slab of this material, bearing a 16th-
OBSIDIAN 2B O o century B.c. Egyptian inscription, has been discovered at Bogazkoy, a Hittite site in Turkey.

ing. In addition to revealing the pattern
and range of contacts among the pre-
historic settlements, it gives us a rough
picture of trade statistics (through the
amounts of material involved) that in-
dicates the strength of the communica-
tion links between particular communi-
ties. Furthermore, the development of
communications over the millenniums
after the villages were first established
can be traced in the record of the obsid-
ian trade.

As time went on and transportation,
aided by the domestication of the ass,
improved, the trade in obsidian expand-
ed, both in the number of sources mined
and in the distances of distribution.
Trade routes developed across the Syrian
desert in both directions, and more ob-
sidian began to appear on the Levant
coast. Obsidian from Armenia was ex-
ported to villages as far distant as Bah-
rain on the Persian Gulf and the Teheran
area near the Caspian Sea. The use of
obsidian for tools declined with the com-
ing of the metal ages after 4000 B.c., but
it continued to be prized for ornamental
objects such as bowls, statuettes and
even small articles of household furni-
ture, such as tables. By that time the
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Egyptians, apparently obtaining the ma-
terial from Ethiopia, also had begun to
use obsidian for this purpose. A remnant
of a little toilette table of obsidian made
in Egypt and bearing a hieroglyphic in-
scription of Pharaoh Chian, of the 16th
century B.c., has been found at Bogaz-
koy, the capital of the ancient Hittite
kingdom in Turkey. It may have been a
gift sent by the Pharaoh to the Hittite
king.

By then obsidian itself was no long-
er an important material of commerce.
Nonetheless, the great trade routes that
had developed between the cities of the
Near East may well have followed the
same paths that had first been blazed by
the obsidian trade thousands of years
earlier.

The analysis of the early obsidian ob-
jects now throws new light on the revo-
lution, some 10,000 years ago, that led
to man’s emergence from the hunter’s
way of life. There has been a tendency
to think of this beginning as an isolated,
small-scale phenomenon—of a little tribal
group of people settling down some-
where and developing an agricultural
system all by itself. In recent years an
intensive search has been pursued for
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the “birthplace” of this event: Did the
first village spring up in the Levant or
in the Zagros Mountains on the rim of
the fertile crescent or in Turkey? That
question now becomes less interesting
or significant than it was thought to be.
The farming way of life, it appears, orig-
inated not at some single location but
over whole regions where the peoples
of various settlements exchanged ideas
and the material means of sustenance.

Throughout the 2,000 years or more
during which agriculture was first de-
veloping in the Near East the communi-
ties dispersed through the region were in
more or less continual communication
with one another, primarily trading
goods but also inevitably sharing their
discoveries of agricultural techniques
and skills. There is every reason to be-
lieve the region functioned essentially
as a unit in moving along the road of
technological advance. The early villages
show considerable diversity in the cus-
toms and beliefs that make up what is
called a society’s “culture,” but there can
be little doubt that their mutual contact
greatly influenced not only their ma-
terial progress but also their social de-
velopment and world view.



In hope of doing each other some good

The way into print

Publish or perish. The doctrine still holds sway despite bitter
words spoken against it over ethanol after midnight. For
validity one’s work must be consecrated by a typesetter. Only
after ink has been applied to paper by a decent number of
revolutions of a metal cylinder can a piece of scholarship be
considered accomplished. This is the custom. It dates from
a day when learned men with news to spread were few, which
is no longer so.

Now that myriads of learned men and women have to get
into print and get into it frequently, the technology by which
this is done had better be improved. On top of Gutenberg’s
15th century concept of movable type and Mergenthaler’s
19th century concept of casting liquid metal into lines of
type, photography now further facilitates the printing of the
printed word. This involves us.

Companies that built typesetting machines around a pot
of simmering Pb-Sb-Sn alloy now build them around com-
puters and certain light-sensitive litho plates of our manu-
facture. The neatness with which the characters are arrayed

on the page—which has come over the cen-
turies to signify commitment and authority—is
attended to by the computer. With less asked of
human judgment and fingers, the flux of words and
symbols onto our plates can be maintained at super-
human levels. As the plates emerge from the machine, they
are dunked in solutions that change them to actual printing
plates, ready to run on offset presses in certain printing
applications today and probably more tomorrow.

Dunking sounds like a bottleneck, and it is. That bottle-
neck, too, is being broken. To the printing establishments
prepared to cope best with the publishing needs of the day
we are supplying another machine (called Kopak Litho
Plate Processor, Model 1-N). It sits beside the typesetting
machine, smoothing the way into print by bridging the dunk-
ing step. (What might happen to the words and symbols thus
at length properly arrayed in a good black on a respectable
paper is hinted at below.)

If we can be of any assistance, please inquire of Eastman
Kodak Company, Graphic Arts Sales Development, Rochester,
N.Y. 14650.

Vision of a well-equipped home

The low price of the
RECORDAK EASAMAT-
1c Reader PFCS is
significant. It gives
quick access to data
such as parts lists,
catalog pages, and
buyers’ guides, many
pages of which can
be compacted on a
4 x 6”or 3Va x 738"
microfiche. In truth,
very few of this par-
ticular model are
likely to be pur-
chased for use in the
home. Nevertheless,
as microfilm readers
become mass-produced items and the unit price continues
to drop with rising volume, the more pervasive will micro-
film become. When microfiche readers are found in as
many homes as dishwashers are today, there may be quite
an effect on the manner of publishing anything of a nature
at all specialized.

Questions about the RECORDAK EASAMATIC Reader or about

any other aspect of microfilming are answered by Business Sys-
tems Division, Eastman Kodak Company, Rochester, N.Y . 14650.
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Hungry?

From three eggs in a mixing bowl can grow a masterpiece
of self-fulfillment to fill the self, family, and guests full of
purring satisfaction. All it takes are talent, time, inclination,
and a comfortable income.

There is a magazine called Food Technology whose very
name suggests a colder view of food preparation, where eggs
get beaten in 300-pound batches because there are several
billion people waiting to be fed and relatively few of them
keeping their own laying hens. One of our chemists, Gerald
T. Luce, has an article in Food Technology. He writes not
of eggs but of acetylated monoglycerides.

These were first proposed by the U.S. Department of
Agriculture and were put into commercial production by
us. Metabolizable and nutritious themselves, they form coat-

ings of low permeability to oxygen and water vapor. Conse-
quently foods coated with them stay appetizing and whole-
some longer. This works particularly well with fish steaks
cut from the frozen round fish—a promising development
with the switch from hunting the sea to farming the sea.
Luce’s paper goes into detail on nuts, raisins, meats, cooked
lobster, breast of chicken, and many other good things to eat.

For a reprint write Distillation Products Industries, Rochester,
N.Y. 14603 (Division of Eastman Kodak Company).

Data on the drapes

Draperies greatly affect heat- and light-exchange. To compute
heating, cooling, and lighting requirements, planners need “fenes-
tration data” on the drapery fabrics, such as solar transmittance,
solar reflectance, openness factor, and shading coefficient, as
understood in the Guide and Data Book of the American Society
of Heating, Refrigerating, and Air Conditioning Engineers. To
obtain fenestration data on a fabric made of VEREL Modacrylic
Fiber, send request with suitable sample of the fabric to Mer-
chandising Services Department, Eastman Chemical Products,
Inc., 260 Madison Avenue, New York City 10016 (Subsidiary of
Eastman Kodak Company).

George Eastman ran an ad for the glass photographic
plates he was making at home after work at the bank. The
job at the bank was all right, but he enjoyed photography
more. After a while he quit the job. The bank survived. It
thrives today at the same location, in a building that is much
brighter and more comfortable to work and bank in—sum-
mer and winter—than when Eastman worked there. And
here, less than 90 years after the first ad, is another where
the company that the first ad started is offering not only
glass photographic plates* but also help with heating and
air-conditioning. A logical if lengthy thread connects the
plates to the air-conditioning.

Flexible film pleased the photographers more than plates,
so Eastman made film and the film made more photogra-
phers. Cellulose nitrate film base was hazardous, so the com-
pany switched over eventually to cellulose acetate. To make
cellulose acetate efficiently we needed to make a lot of it, so
what we didn’t need for film, we put into fibers for textiles.
The textile experts and customers thus acquired broadened
us from cellulosics to fully synthetic fibers. Of these VEREL
Modacrylic Fiber has won tremendous favor for draperies.
Draperies greatly affect heat- and light-exchange.

*Which may be selected with the aid of Pamphlet P-140, obtainable from
Industrial Photo Methods, Eastman Kodak Company, Rochester, N.Y. 14650.
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TMI TUBING TECHNOLOGY has a
long, courageous neck. Year after year
it is ‘'way out with metalworking manu-
facturers and designers who insist on
being pioneers. They, like TMI, build
on a successful past brimful with ex-
perience that encourages the best in
performance. And, when the best in
performance is written boldly in tubing
specs, Tube Methods is right up front
cheering. Why? Simply this: We are
uniquely able to control the behavior
of stainless and special alloys under the
most deliberate, next-to-impossible con-
ditions of cold drawing. The result: an
ever growing list of pioneering custom-
ers from industrial giants to specialists
(just like TMI).

OgR NEcK
IN youR FAYoR!

We would appreciate solving
your tubing problem . ..
especially for applications of
extreme temperatures and
corrosion environment. Try
TMI's performance promises.
Small diameter stainless steel
and special alloy, .050" to
1.250” O. D. with tolerances
as close as .0005” when
applications require the
ultimate in accuracy.

TUBE METHODS INC.

Metallurgists « Engineers « Manufacturers
Bridgeport, Montgomery Co., Pa. 19405
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What Is U.S. Science Policy?

r I Yhe science establishment of the
U.S. has grown without plan or
policy over the past three decades,

largely as the result of “initiatives pre-
cipitated by urgency” from one phase to
the next in the cycle of war and cold
war. Suddenly, within the present fiscal
year, Federal outlays for research and
development have leveled off and have
even declined as a percentage of the na-
tional budget. The downturn is attribut-
ed to stringencies imposed by the war in
Vietnam and the completion of major
programs of “the defense—space—atomic-
energy group.” The need to develop a
more positive science policy than “mere
response to external pressures” is becom-
ing clear. At this historic turning point
“the fronts seem to have changed com-
pletely from those days, a quarter of a
century ago, when farsighted scientists
convinced political and military leaders
that they had a vital contribution to of-
fer to the war effort. Today, the call for
better and fuller use of the potential
of science in the service of man comes
mainly from the politicians and the ad-
ministrators.”

This appraisal of American science
and its leadership constitutes a major
theme of a report issued by the Organi-
zation for Economic Coopemtion and
Development, the consortium of Euro-
pean nations organized in 1947 as the
party of the second part for Marshall
Plan transactions. The 600-page report
presents a comprehensive staff study of
the “Government-industry-university tri-
pod” that sustains American science to-
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day. Personal appraisals are supplied by
four “examiners”: H. G. B. Casimir, di-
rector of the Philips Research Labora-
tories in the Netherlands; Théo Le-
févre, former prime minister of Belgium;
Pierre Massé, board chairman of Electri-
cité de France, and C. H. Waddington,
professor of animal genetics at the Uni-
versity of Edinburgh. Although the au-
thors were charged to explore the “tech-
nology gap” between the Old World and
the New on behalf of their European col-
leagues, they have much to say to the
scientific community of America.

The “pluralist” arrangements that
bring $15 billion from the Federal budg-
et into research and development—in-
cluding the primary $1.8 billion for
science in the universities—have avoid-
ed “the danger of bureaucratic control
over the world of science.” These funds
flow on short-term contracts and grants
from numerous agencies and principally
for highly specialized “mission-oriented”
ends. The universities respond with
“great flexibility and freedom of action

..and rapidly inaugurate new programs
and departments.” It is a system that en-
courages “excellence,” backs “the young
man who is doing first-class work” and
suppresses “gerontocracy.”

“The amplitude of Federal aid” has
brought significant changes, on the other
hand, in the constitution of American
universities, particularly the 21 largest
public and private universities that re-
ceive nearly 60 percent of the funds.
“The university is no longer...a sin-
gle vast intellectual enterprise.... Re-
searchers turn toward their colleagues in
other institutions interested in the same
problems rather than to their immediate
university environment.” In a “biological
analogy,” Waddington likens the “old
ideal of a university to...a whole ner-
vous system ... concentrated in a single
central brain” and contrasts this to “the
multiversity ideal...a highly developed
peripheral nervous system . . . deficient in
central organization.”

The European observers found that
competition for project funds makes it
difficult for American scientists to com-
mit time and energy to “contemplative,
imaginative thought.” For all the Nobel
prizes, their work is not the kind that
“changes the paradigms of science.” It is
the political rather than scientific leader-
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ship that has pushed new measures, such
as institutional grants, to reduce the cen-
trifugal pressure of project-funding and
to redress its “concentration at the sum-
mit.” The entrepreneurs of science have
avoided equally the difficult question of
priorities. Against the military and geo-
political challenges that so largely de-
termined the lines of recent scientific
growth, political pressures have been ad-
vancing the claims of a wider range of
public interest. The scientific community
has offered little in the way of “positive
and constructive initiatives.”

Doctors’ Dilemmas

]n George Bernard Shaw’s The Doctor’s

- Dilemma (1906) the decision that
confronts Sir Colenso Ridgeon is which
of two patients should receive a life-
saving tuberculosis vaccine. As medical
techniques have grown more sophisticat-
ed the dilemmas presented to physicians
have multiplied, since each extension
of capabilities presents a new set of
choices. In the past few years such ques-
tions have been sharpened by the in-
creasing feasibility of operations in which
an organ is transplanted from one per-
son to another, and in recent months
news of the first heart transplants has
brought the whole issue dramatically to
public attention. One question that has
beenraisedis: Might there be a tendency
toward haste in deciding that a poten-
tial donor is indeed dead? “The doctor
who decides that a patient is sufficiently
dead for him to remove the heart while it
is still functional takes a difficult deci-
sion, but this problem is not new to med-
icine,” says an editorial in the British
journal Nature. “There is no sharp divid-
ing line between life and death”; the
best safeguard is to make sure that dif-
ferent doctors care for the potential do-
nor and the prospective recipient of an
organ transplant.

Broader problems arise from contin-
ued advances in life-prolonging technol-
ogy, none of them easily answered. Some
questions are fairly direct and technical:
Can this life be saved? By what proce-
dures can it best be saved? Are those
procedures feasible here and now? At
what risk? Other questions involve social
judgments and ethical standards: Should
life be prolonged in the presence of ter-

DEPART MARS
330 DAYS

Why not Venus en route to Mars?

Is there a penalty we must
pay in total trip time to get a
look at Venus en route to
Mars?

Or can fuel savings be real-
ized by this mission mode?

Among the advanced inter-
planetary missions being in-
vestigated at Bellcomm is a
Venus swingby mission to
Mars. Many more interplane-
tary as well as lunar and earth
orbital missionswill be studied
as part of our assignment for
NASA's Office of Manned
Space Flight,

And many more specialists
are neededin all technical dis-
ciplines bearing on analysis

e

==y

of planetary missions—flight
mechanics, guidance and
navigation, communications,
bioastronautics, propulsion
and power systems. Bellcomm
also needs aeronautical and
mechanical engineers broadly
experienced in vehicle sys-
tems or mission planning.

If you are interested and
qualified, Bellcomm offers
rewardingopportunities. Send
your résumé in confidence to
Mr. N. W. Smusyn, Personnel
Director, Bellcomm, Inc.,
Room 1604-M, 1100 17th St.,
N.W., Washington, D.C. 20036.
Bellcomm is an equal oppor-
tunity employer.

i3 ) Bellcomm, Inc.

v A Bell System Company
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minal disease or of gross disability?
Whose life should be prolonged if a
choice must be made? At what cost—
human and financial—should a given life
be prolonged? The issue of monetary
cost has always been implicit in many
medical decisions; it becomes explicit as
a society assumes more responsibility for
health, making the cost of medical care
a social and political question rather
than a purely individual or family prob-
lem.

A number of these ethical and social
considerations were explored last year
in a symposium in England, sponsored
by the Royal Society of Medicine, titled
“The Cost of Life.” In one paper David
N. S. Kerr of the Royal Victoria Infir-
mary at Newcastle upon Tyne assessed
the cost of regular hemodialysis—the
maintenance, by intermittent treatment
with an artificial kidney, of a patient who
lacks kidney function and would other-
wise die of uremia. The treatment works:
Kerr pointed out that three of the four
original patients started on regular di-
alysis in 1960 by Belding H. Scribner of
the University of Washington School of
Medicine were still alive. It is expensive,
however; Kerr estimated that if all po-
tential British candidates for dialysis up
to age 54 were maintained on artificial
kidneys, the direct costs would be some
£ 33 million (about $80 million) a year
and the indirect costs would be far great-
er. He concluded: “I see no alternative to
the selection of a small proportion of the
potential candidates for many years to
come.” Kerr’s group now makes that se-
lection in part on the basis of what he
calls a “trial by ordeal”: only those pa-
tients are accepted who have shown that
they can stick to the stringent diet that
is required because dialysis is not as ef-
ficient as the kidneys in removing waste
products from the blood.

M. F. A. Woodruff of the University
of Edinburgh Medical School consid-
ered ethical problems involved in kidney
transplants. He said it was “right and
proper” to allow a person with two good
kidneys to donate one to a relative “or
possibly to a good friend” if transplanta-
tion from a cadaver is not feasible, if the
degree of tissue compatibility is accept-
able and if the probable result of the
operation and the risk to the donor have
been fully explained. In cadaver trans-
plants, Woodruff pointed out, the kidney
must be removed quickly. In his hospital
the kidney-transplant team is informed
of potential donors who are under the
care of other doctors and “are thought
likely to die”; blood samples are taken
from such patients for typing, “but noth-
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ing more is done until the prospective
donor is pronounced dead by the doctor
responsible for him...in particular, in
the case of patients on respirators, the
transplantation team takes every possi-
ble care not to influence the decision
as to whether the machine should be
turned off and when this should be
done.”

A different kind of ethical problem
was raised by Walpole Lewin of Adden-
brooke’s Hospital in Cambridge. He dis-
cussed severe head injuries, an increas-
ing problem as a result of highway
accidents. When a person is unconscious
for a long time and seems to have suf-
fered irreversible brain damage, how
hard should doctors try to keep him
alive? Lewin’s conclusion was that aside
from a few patients whose death is in-
evitable, it is “impossible to forecast
with certainty whether an injury is re-
coverable or not. There has to be, there-
fore, one standard of treatment for all
patients.”

Other participants dealt with a vari-
ety of questions: the care of defective
children, the very old and the completely
paralyzed; euthanasia and abortion; the
effect of research in providing new
methods of treatment. In summing up,
Lord Cohen of Birkenhead, past presi-
dent of the Royal Society of Medicine,
said that doctors face essentially two
kinds of dilemma: first, the determina-
tion of priorities when limited resources
make it impossible to provide all nec-
essary medical care, and second, the
decision as to when to discontinue artifi-
cial aids to survival. In this connection
he quoted the 19th-century poet Arthur
Hugh Clough: “Thou shalt not kill; but
need’st not strive/Officiously to keep
alive.” He suggested that “the physician
(and indeed the legislator and the lay
citizen) should in reaching decisions pose
three questions: (1) Has this person [or
his guardian] been given all the nec-
essary knowledge, and freedom to decide
whether he accepts the course of
action recommended...? Is my recom-
mendation based on the best scientific
probabilities? Is my proposed course
of action one that I would advise for
someone I love, and if I were similarly
circumstanced would I wish this done
for me?”

Speed Limit for Computers

IﬁI ow fast can a computer compute? To

put the question another way, how
far is it possible to reduce the number of
sequential steps a computer must take in
carrying out an elementary arithmetic
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operation? Now designers of electronic
logic circuitry have an exact answer to
guide their efforts in this direction, in the
form of a set of general formulas put for-
ward by Shmuel Winograd, a mathema-
tician on the staff of the International
Business Machines Corporation.

According to Winograd, the limit de-
pends on the type of basic circuit one
is dealing with. His formulas are com-
posed of only three nontemporal factors:
(1) the number of different signals that
can be sent over a line between two ba-
sic circuits; (2) the “fan-in,” or the num-
ber of input leads to a circuit; (3) the
“word size,” or the number of digital
positions that are available in an arith-
metic unit to represent a single number.

For most digital computers in use to-
day the first factor is fixed by the initial
choice of a binary system of logic. In this
situation only two signals—a 1 or a 0—
can be sent over any line. (A binary logic
circuit is designed so that its output sig-
nal represents a logical relation among
its input signals. For example, an “and”
circuit will produce a 1 if all input sig-
nals are 1, and a 0 if they are not.)

Furthermore, most computers use
what is called a modulo-2” arithmetic, in
which n is the word size. For instance,
if n is three, then only the first three dig-
ital positions of the binary number sys-
tem are available in the arithmetic unit
to represent a number. Hence the unit
can represent the numbers 0 through 7,
since there are only eight possible com-
binations of 1’s and 0’s that can be made
with three available positions. Such a
unit is said to perform modulo-8 arith-
metic.

Applying Winograd’s general formula
for addition to the typical case, in which
only two signals can be sent over any
line and the computer uses a modulo-2»
arithmetic, one obtains the simplified for-
mula > [log, 2n] At, where t is time, 7 is
the fan-in, n is the word size and At is
the time delay of each binary circuit.
The expression inside the brackets is the
minimum number of steps in the compu-
tational sequence of an arithmetic unit.
If the quantity inside the brackets is not
an integer, it evaluates to the next higher
integer. The formula shows that the ulti-
mate speed of an assembly of basic cir-
cuits increases with increasing fan-in
and decreases with increasing word size.

For example, assuming a fan-in (r) of
three inputs, a time delay (At) of 10
billionths of a second and a word size
(n) of 48 binary digits, the formula pre-
dicts that addition cannot be performed
in fewer than five steps, and that the
minimum time in which two 48-binary-



In Banawe, bugs used to eat morerice
than people did.

Famine came regularly to this rice grow-
ing area of the Philippines

It doesn't any more

Modern pesticides are the reason.

One in particular. Sevidol insecticide

Union Carbide developed Sevidol by
combining two already successful insec-
ticides in a granular form. It's more
effective than sprayed or dusted on insec
ticides. It won't wash off in the rain.
Application is simplicity itself. All the

farmer does 1s spread the granulesaround
by hand. The plants take over from there,
absorbing the Sewidol into their stems
and leaves. When a rice-eating bug takes
his first bite, it turns out to be his last.

Yields go up as much as one hundred
percent. Since half the world's population
depends on eating rice each day, that
much more to go around can mean the dif
ference between famine and no famine.
Or lite and death.

CARBIDE
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Americans have never let a little thing like a  your wife a dre s? Look at the label. New York, be hauling 500 hillion ton-miles a year. But
few thousand miles stand between them and  right? Getting things from where they are to you don’t add 33% more ton-mile unless you
the things they want. You live in New York  where they’re supposed to be is a big, important add something like 33% more trucks. 33%.
and you want California oranges? Aisle three, business in this country. And trucks are a big  You know, that’s a lovely figure to look at.
right next to the pineapples from Hawaii. part of the business. Last year, trucks hauled Especially when you’re the world’s largest
You live in Los Angeles and you just bought 390 billion ton-miles of goods. By 1970 they’ll  producer of heavy-duty truck components.
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RIGHT NOW,
NORTH AMERICAN ROCKWELL
IS BUSY...

We’re producing axles, brakes, springs
and universal joints for heavy-duty
vehicles at the Rockwell-Standard Divisions.

Developing a sodium-cooled Fast
Breeder Nuclear Reactor at the
Atomics International Division.

Working on the nation’s most
advanced military and space electronics
systems at the Autonetics Division.

Producing single shuttle looms,
bearings and weaving machines at the
Draper Division.

Powering all three stages of Apollo/
Saturn V that will send man safely to

the moon and return at the
Rocketdyne Division.

Producing filters, industrial gears,

other power transmission equipment and
cotton ginning machinery at the
Industrial Divisions.

Probing the future of supersonic travel
with data from the X-15 and XB-70A
advanced research aircraft at the

Los Angeles Division.

Building tactical missiles, the mach 2
Vigilante reconnaissance airplane and the
OV-10A light armed reconnaissance
airplane at the Columbus Division.

Designing and building Apollo service

and command modules at the Space Division.

Producing the country’s fullest line of
business, agricultural and pers%nal
aircraft at the Aero Commander” Division.

Probing the basics of physics,
chemistry, metallurgy and mathematics
at the Science Center.

Designing at the Ocean Systems OQperations
a four-man research submarine that
will operate at 2,000 feet.

And we’re working overseas with
affiliates and licensees in nineteen foreign
countries.
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Want more information?

Write for a copy of our Annual Report.
North American Rockwell Corporation,
2300 East Imperial Highway, El Segundo,
California 90245

digit numbers can be added is 50 bil-
lionths of a second.

Surprisingly, Winograd’s correspond-
ing formula for multiplication, t>[log,
2(n — 2)]At, shows that the ultimate
speed of multiplication is slightly faster
than that of addition. In order to build
adders and multipliers that approach
these formulas, however, the code used
to represent numbers in the multiplier
must be different from the one used in
the adder.

The validity of Winograd’s general
formulas does not depend on the type
of coding system used to represent the
numbers inside the computer, as long
as the code is nonredundant (each num-
ber must be represented by one, and
only one, code word). Hence the number
of steps indicated by the formulas can-
not be reduced further, even by radical
improvements in the organization of log-
ic circuitry.

Ubiquitous DDT

I)DT is the most widely used insecti-

< cide and it is toxic, in high enough
concentrations, to many higher animals,
including man. A number of studies have
shown that DDT can be spread by wind
and water far from its sites of application.
Even more important, it is concentrated
by natural ecological cycles: as plankton
filter water that contains DDT, as the
plankton are then ingested by fish and
the fish by marine birds, the concentra-
tion of DDT in the tissues of successive
predators rises [see “Toxic Substances
and Ecological Cycles,” by George
M. Woodwell; SCIENTIFIC AMERICAN,
March, 1967]. Now two investigators
from the Freshwater Fisheries Labora-
tory at Pitlochry in Scotland have re-
ported in Nature that seals and por-
poises taken in waters far from any
source of pesticides contain particularly
high concentrations of DDT.

Other studies had shown that residues
of DDT and related insecticides are rou-
tinely found in marine fishes from Scot-
land’s waters. The insecticide concentra-
tion was highest in tissues with high
lipid, or fat, content. Seals and porpoises
feed on fish, and a high proportion of
their body weight is in blubber, or sub-
cutaneous fat. High pesticide levels
could therefore be expected in these ani-
mals as a result of the process of food-
chain concentration. A. V. Holden and
K. Marsden therefore subjected samples
of the blubber of seals from waters off
Scotland and Canada to analysis by gas-
liquid chromatography. Their expecta-

| tion was confirmed. The concentration of
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DDT alone averaged 7.8 parts per mil-
lion in seals from the east coast of Scot-
land and was as high as 23.3. In por-
poises from the same area it averaged
21.1 parts per million; in one porpoise
the total concentration of the DDT
group and dieldrin, another pesticide,
was 73.3 parts per million. Holden and
Marsden conclude: “This degree of ac-
cumulation of residue in an environment
not deliberately contaminated, and in
species ecologically far distant from the
target organisms of persistent pesticides,
underlines the impossibility of confining
such chemicals to the areas of applica-
tion.”

One-Atom Microscope

{ microscope capable of examining a
+ ¥ single atom has been developed by
Erwin W. Miiller and his associates at
Pennsylvania State University. The in-
strument, called the atom-probe field-
ion microscope, represents a major mod-
ification of the field-ion microscope
invented by Miiller in 1956. Miiller,
John A. Panitz and S. Brooks McLane
describe the new instrument in The Re-
view of Scientific Instruments.

A field-ion microscope consists essen-
tially of an extremely fine needle sealed
into one end of an evacuated tube and
pointed toward a fluorescent screen at
the other end of the tube. The needle,
which can be made of various pure or
alloyed metals, is the sample being an-
alyzed. If a small amount of a gas such
as helium is admitted to the tube, and a
high positive voltage is applied to the tip
of the needle, the helium atoms are ion-
ized in the extremely high field region
above each metal atom protruding from
the evenly curved end of the tip. The
ions are repelled from the positive tip
and diverge in a radial direction to pro-
ject an image of the crystalline surface
of the tip on the fluorescent screen. The
instrument magniﬁes atoms from two to
five million times so that they can be
seen on the screen as clusters of dots, but
it does not enable the observer to differ-
entiate between species of atoms. The
atom-probe field-ion microscope gives
him that capability.

The new instrument differs from the
old one in that there is a tiny “probe
hole” in the center of the viewing screen.
The observer can select one atom that
looks interesting to him; he lines it up
over the probe hole by tilting the tip
mount, which can be done by means of
a flexible joint in the microscope. A high-
voltage pulse is used to rip the selected
atom from the tip of the needle. The par-
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ticle travels as a positive ion through the
probe hole into a mass spectrometer. A
detector at the end of the spectrometer’s
yard-long drift tube signals the arrival
of the ion to an oscilloscope, measuring
the ion’s time of flight. With the ion’s en-
ergy given by the voltage pulse, its
atomic mass and thereby its chemical
identity are derived from the time of
flight. Heavier particles travel more
slowly. Miiller and his colleagues express
the belief that the instrument will be
highly useful to metallurgy and surface
physics in providing information about
crystal structure and the location and na-
ture of metallic impurities.

The Young and the Dead

Since about 1930 the rate of death
from motor vehicle accidents in the
U.S. has risen markedly for infants and
people aged 15 through 44 while de-
clining or remaining fairly steady for
other age groups, according to a group of
statisticians in the U.S. Public Health
Service. The investigators, headed by
Robert E. Markush, describe in the
Journal of the American Medical As-
sociation their study of vehicular death
rates by age for the period from 1906 to
1964. They find that for the entire period
the death rate was highest for people
aged 65 and older, but they note that
“if present long-range trends continue,
the young-adult group will have the
highest rates by about 1970.”

Markush and his colleagues offer
several hypotheses as possible explana-
tions of the findings. One is that the
overall trend can be explained in terms
of experience: inexperienced drivers
have high death rates, and the rates de-
cline with increasing experience. Di-
viding the 15-through-44 group into
three parts (15 through 24, 25 through
34 and 35 through 44), the investigators
found that “the rate of increase dimin-
ishes as age increases.” They suggest
that the rising death rate of infants may
reflect the fact that their mothers, who
tend to be in the young-driver group,
use cars increasingly for domestic
activities.

Another possibility cited by Markush
and his colleagues is that “mass social
phenomena influence motor vehicle mor-
tality by changing individual concern
for self-preservation.” They note a tend-
ency for vehicular death rates to in-
crease in periods of unrest preceding
wars. A related possibility, they say, is
that “young drivers may be driving
more poorly than before because of
psychological factors, such as less con-
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cern for self and others and increasing
insecurity.”

Hormone from the Heart

"Ihe heart can now be added to the
* list of tissues that produce hormones:
“chemical messengers” secreted in one
part of the body that affect the function
of another part. Using cats and dogs as
experimental animals in a study of kid-
ney function, Mary F. Lockett of the
University of Western Australia has
found that when cats suffer a sudden
drop in blood pressure, their hearts
react by releasing a hormone that acts
on the kidneys to minimize the loss of
body fluids. Traveling from the heart to
the kidneys in the blood, the substance
produces an immediate decrease in
sodium concentration and urine flow.

Reporting in a series of papers in The
Journal of Physiology, Miss Lockett notes
that the substance is a steroid, that it re-
sembles aldosterone in action and that
it can be extracted from heart muscle.
Neither the messenger nor its mode of
action can be detected in dogs. This
finding leaves open the question of
whether a similar response to lowered
blood pressure is already at work in
other animals, including man.

A Radical Proposal

During the past two years radio astron-

omers have reported the discovery
of a number of galactic radio sources
with emission spectra characteristic of
radiation from hydroxyl radicals (OH).
Two recent developments indicate that
these previously unidentified sources
may coincide with protostars—extremely
low-density stars in the precollapse
stage of formation. The evidence is dis-
cussed in two recent articles in The As-
trophysical Journal.

In the first article T. K. Menon of the
National Radio Astronomy Observatory
in Green Bank, W.Va., interprets the re-
sults of his study of the distribution and
motion of a number of OH-emitting
sources, including several in the Orion
nebula. He finds that the sources in
Orion appear to partake of the motion of
a cluster of visible stars within the nebu-
Ia, rather than of the motion of nebula as
a whole. On the basis of this finding he
concludes that the OH sources may be
protostars of the cluster. He points out
that in this case the OH emission could
be excited by a maser-like optical-pump-
ing mechanism powered by either ultra-
violet or infrared radiation from a central
star.
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In the second article Ernst Raimond
and Baldur Eliasson of the Owens Valley
Radio Observatory of the California In-
stitute of Technology report the results
of their detailed interferometric mea-
surements of one of the OH sources in
Orion. They find that the position of the
source is very close to that of an infrared
point source that has already been nomi-
nated as a possible protostar. If the OH
source and the infrared source turn out
to be related, this finding would lend
support to the theory that hydroxyl rad-
icals are among the first molecules
formed in a contracting interstellar cloud.

Mammoth-Hunter’s Wrench

Al 11,000-year-old wrench, evidently

used by the North American big-
game hunters of the Clovis culture to
straighten their spear shafts, has been
found in association with mammoth
bones and stone projectile points at Mur-
ray Springs in southeastern Arizona. The
foot-long tool, made of mammoth bone,
is the first of its kind to be found at any
prehistoric site in the New World. In
the Old World shaft-wrenches and
arrow-straighteners are found in the
Upper Paleolithic strata of Europe dat-
ing from 28,000 to 9000 B.c.; they are
usually made of bone or antler, are a foot
or so in length with a bevel-edged hole
drilled through the wide end, and are
often decorated with engraved animal
figures. They were grandiosely called
batons de commandement by the 19th-
century archaeologists who first dis-
covered them, a name they retained until
it was noted that living hunters, notably
Eskimos and some American Indians,
used similar wrenches to straighten out-
of-true spear shafts and arrows. This
they did by slipping a crooked shaft
through the hole in the wrench and
applying appropriate pressure, using the
wrench handle as a lever.

The Murray Springs shaft-wrench was
found adjacent to a level at the site with
a carbon-14 date of about 9000 B.c. The
discoverers of the site, C. Vance Haynes
and E. Thomas Hemmings of the Uni-
versity of Arizona, have analyzed the
size, shape and beveling of the hole in
the wrench. Reporting in Science, they
conclude that, if the tool was indeed
used to straighten shafts, the most suit-
able shaft diameter would have been
about 3/4 inch. In view of the Clovis
hunters’ preference for mammoth and
other big game, Haynes and Hemmings
suggest that a shaft that slender was
probably only the front part of a heavier
compound spear or dart.
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THE AUTOMATIC SYNTHESIS OF PROTEINS

By anchoring an amino acid to a plastic bead one can add other

amino acids one ]‘)y one 1n automatically controlled steps. This

method has a]ready been used to make the small protein msulin

I J Yhe synthesis of proteins is one of
] the primary functions of the living
cell, and the intricate series of
operations by which the cell accom-
plishes the task has recently become
known in considerable detail. Long be-
fore the biosynthesis of proteins was at
all understood, at the turn of the cen-
tury, the great chemist Emil Fischer be-
lieved proteins could be synthesized in
the laboratory. It took a long time to
accumulate the knowledge and tech-
niques required to put together one of

by R. B. Merrifield

these enormously complex substances.
Beginning in 1963, as the result of con-
certed work by many individuals, three
groups of chemists—one in the U.S., one
in Germany and one in China—suc-
ceeded in making in the laboratory a
comparatively simple protein: the pan-
creatic hormone insulin.

The conventional process for the
chemical synthesis of proteins, or of the
smaller chains of amino acids called pep-
tides, is a slow and painstaking affair. In
our laboratory at Rockefeller University

BEADS OF POLYSTYRENE, on which amino acid subunits are assembled in the “solid
phase” method to make a peptide chain, are enlarged 300 diameters. They average 50 mi-
crons (.002 inch) in diameter but become about twice as large when swollen in a solvent to
make them more reactive. About a trillion peptide chains can be “grown” on a single bead.
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we set out some years ago to look for a
simpler and more efficient process—one
that might lend itself to automatic opera-
tion. The result was a new technique,
“solid phase” peptide synthesis, in which
the peptide chains are assembled not in
solution but on small, solid beads of
polystyrene. In 1965 the solid phase
method was successfully applied to the
synthesis of insulin.

The availability through controlled
chemical synthesis of insulin with all the
properties of the natural hormone is of
great value because the road is now open
for making related molecules that differ
from the parent compound in precisely
known ways. Such analogues should
help to clarify the manner in which the
natural hormone functions and may in
time lead to insulin derivatives that ex-
hibit greater or more prolonged activity
for the treatment of diabetes.

Even more exciting than the synthesis
of insulin is the possibility of synthesiz-
ing an enzyme—one of the proteins that
catalyze metabolic processes. That goal
is now in sight and will surely be at-
tained. It will add significantly to our un-
derstanding of this important class of
proteins and of the mechanisms by which
the living cell carries out its essential
functions.

Peptide Synthesis

To understand how the chemical syn-
thesis of a protein can be approached it
is best to look first at how peptides are
synthesized. Peptides are simpler models
of proteins; they consist of the same
structural elements (but fewer of them)
linked together in the same way. The
linkage between the amino acid subunits
is known as the peptide bond; a series of
such bonds constitutes the primary
“backbone” structure of peptides and
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APPARATUS for the automatic synthesis of peptide chains is seen
in the author’s laboratory. It includes the small glass reaction vessel
(lower right) with its attendant “plumbing” and a programming
unit (left). The rectangular pins on the rotating drum operate

switches that control the pump, valves, timers and shaker that fill
and empty the vessel and mix the reagents. Amino acids are sup-
plied from the six glass vessels (middle right). Solvents and other
reagents are supplied from the larger containers above and at right.
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proteins. The formation of these bonds
is the principal problem in peptide syn-
thesis and is also the first step in protein
synthesis. In the case of proteins, how-
ever, there are also secondary and ter-
tiary bonds that control the cross-linking
and folding of the molecule and are re-
sponsible for its three-dimensional shape.
Because peptides are shorter and lack
these complicating additional bonds,
they are simpler compounds to study.
They have been used to develop the
chemistry needed to begin the synthetic
work on proteins.

AMINO ACIDS

Amino acids are compounds contain-
ing several reactive groups: one ami-
no group (NH.,), one carboxyl group
(COOH) and in many instances another
reactive group located on a side chain
[see top illustration on page 60]. In gen-
eral all but one of these groups must
be protected against undesired combina-
tions during a chemical reaction if a spe-
cific, pure product of known structure
is to be obtained. In order to prepare
even the simplest chain of two amino
acid units (a dipeptide) the basic amino
group of one unit and the acidic carboxyl

group of the other must be blocked. It is
then possible to activate the carboxyl
group of the first amino acid—that is, to
increase its energy level—so that it will
couple with the free amino group of the
second one to form the peptide bond.
Now let us consider extending the
chain to form a longer peptide. There
are two general approaches. In the “frag-
ment” method short peptide chains are
built up and are combined to form the
larger final molecule; in the “stepwise”
method single amino acid units are add-
ed one at a time until the final molecule
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SCHEMATIC DIAGRAM of the automatic apparatus shows the
“plumbing” circuits. The proper amino acid, other reagent or sol-
vent is pumped from its reservoir through a selector valve (A4 or B)
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and by-products are
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into the reaction vessel while air is displaced at the top of the vessel.
A mechanical shaker rocks the vessel to mix the reactants. Solvents

removed by vacuum through the filter in the bot-



is completed. (In both methods the suc-
cessive additions can in principle be
made at either end of the molecule, al-
though in practice there are certain lim-
itations.) The fragment technique is the
older and until recently was the more
common approach. Its advantages are
that more of the intermediate peptides
are of small size and that there are great-
er differences between the properties of
the reactants and of the products than
there are in the stepwise procedure. On
the other hand, the coupling yields are
generally lower in the fragment method
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tom of the vessel while dry air is admitted
at the top. One cycle of the synthesis requires
the selection of 12 reagents in sequence.

and there is a greater chance of unwant-
ed side reactions.

Before any of the chain-lengthening
processes can be carried out it is nec-
essary to remove one of the blocking
groups from the initial dipeptide. To
“deprotect” selectively in the presence
of the other protecting group (or of sev-
eral such groups) and without damage
to the peptide chain requires careful
planning. The choice of the protecting
groups and the activating, or coupling,
agent for each amino acid has been a
major concern of peptide chemists.

At each step of the synthesis it is usu-
ally necessary to isolate, purify and char-
acterize the products of the reaction, and
it is at this point that the greatest diffi-
culties are often encountered. Crystalli-
zation is the classical procedure for puri-
tying peptides, as it is for most other
organic compounds. It depends on the
formation of an orderly array of mole-
cules that grows in size until it precipi-
tatesfrom solution. Ideally onlymolecules
of one’kind will be in the crystalline pre-
cipitate and all undesired substances
will remain in solution and be washed
away. Sometimes one can obtain from a
reaction mixture quite pure peptides that
do crystallize readily. Particularly when
one is working with long peptide chains,
however, the yield may often be amor-
phous material or crude crystalline pre-
cipitates contaminated with various by-
products. One must then resort to special
purification procedures that may require
many days each. Consider for a moment
the time and effort involved in the syn-
thesis of a 100-unit peptide if such cou-
pling and purification steps must be
performed 99 times!

The Solid Phase Approach

To synthesize molecules of the size
and complexity of proteins, it seemed
clear, methods of the greatest efficiency
and simplicity would have to be devel-
oped. In 1959, with these requirements
in mind, a new approach to peptide syn-
thesis was conceived. The new idea was
to synthesize the long chains one unit at
a time, but without stopping to isolate
the individual intermediate peptides; to
make this feasible the plan was to an-
chor the chain to an insoluble solid
support.

The first amino acid would be chemi-
cally bonded to a solid particle and the
rest of the amino acid units would be
added to it stepwise in the proper order.
Since the solid support would be com-
pletely insoluble in the various solvents,
all the intermediate peptide products
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would also be held in an insoluble state;
they could therefore be purified simply
by dissolving the unwanted by-products
and reagents and washing them away.
This would involve only an elementary
filtration step, but it would accomplish
essentially the same kind of purifica-
tion as the classical recrystallization: the
growing peptide would be an insoluble
precipitate, whereas the undesired re-
agents would be in solution. Filtration is
much easier and faster than crystalliza-
tion. Most important, it can be done in
the same way at each step, whereas crys-
tallization is necessarily an individual-
ized procedure that is different for each
new intermediate peptide.

The general scheme for solid phase
peptide synthesis is straightforward. A
suitable solid support is selected and a
reactive site is produced on it. The first
amino acid—actually the terminal amino
acid of the proposed peptide chain—is
attached by its carboxyl group to the re-
active site. Now the second amino acid,
with all but one of its reactive groups
protected, is activated and coupled to
the first amino acid, leaving a protected
dipeptide firmly bound to the support.
The solid can be filtered and washed
thoroughly to remove all the excess re-
agents and any by-products without the
slightest danger of losing the desired
peptide.

Next the protecting group on the ami-
no end is removed and the whole process
is repeated exactly as before but with a
new amino acid. After the required se-
quence of amino acids has been assem-
bled in this manner the peptide chain is
finally removed from the support by se-
lectively breaking the bond that has been
holding the two together throughout the
synthesis. Now for the first time the pep-
tide chain is free and can be dissolved
and separated from the solid support.
Once it is in solution conventional purifi-
cation procedures can be carried out.

Before this scheme could be devel-
oped into a workable procedure a num-
ber of rather severe requirements had to
be met, having to do with the nature of
the solid support, the type of bond link-
ing the peptide to the support and the
choice of protecting groups and coupling
reagents. The solid support had to be
completely insoluble in all the solvents
that might be used in the synthetic reac-
tions or in the washing steps; it had to
be physically stable and in a convenient
form to permit filtration and other ma-
nipulations; it had to have a reactive site
at which the peptide chains could be at-
tached but should otherwise be chemi-
cally inert and stable; finally, in order to
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AMINO ACID («a) has an amino (NH,)) and a carboxyl (COOH)
group separated by a carbon atom that carries a side chain (R). The
peptide bond (b) forms between the carboxyl and the amino ends
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TWO GENERAL APPROACHES to peptide synthesis are dia-
grammed. In the “stepwise” method amino acid units are added one
at a time starting at the amino end of the peptide (left) or the car-
boxylend (right) until the final peptide (of four amino acids, 4, B,
C and D, in this case) is assembled (bottom left and right). In the
“fragment” method small peptides are prepared stepwise and are
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then combined (long solid arrows) to form the final peptide (bot-
tom center). In each case it is necessary to protect the amino ends
(black bars) and carboxyl ends (gray bars) against unwanted re-
actions, to activate the carboxyl ends (dark-color bars) for cou-
pling, to “deprotect” selectively in preparation for the next step and
finally to deprotect completely. The peptide can then be purified.

© 1968 SCIENTIFIC AMERICAN, INC



allow the synthesis of a sufficient quan-
tity of peptide, it should either have
a very large surface-to-volume ratio or
be readily permeable to the soluble
reagents.

After considerable exploration a sub-
stance that met these requirements was
found. It is a polystyrene resin, a linear
polymer of styrene in which the styrene
chains are loosely linked together with
divinylbenzene, and it is in the form of
beads about 50 microns (.002 inch) in
diameter. The amount of cross-linking
agent was selected to give a resin of high
molecular weight that would be com-
pletely insoluble but at the same time
free to swell in organic solvents. This
makes the beads permeable to reagents
dissolved in the solvent, so that reactions
can occur not only on the surface but
also within the interstices of the gel-like
matrix. Although we are talking about
beads that are barely visible as separate
particles to the unaided eye, they are
actually enormous compared with the
dimensions of amino acids or even of
proteins: each bead can support some
1012 (one trillion) peptide chains!

The Anchor Bond

P()lystyrene itself has no convenient
reactive site for anchoring the peptide
chain, but it can be readily modified in
many ways to make such a site. The
choice of the modification was dictated
by the kind of bond needed to hold the
peptide to the resin. The bond must be
easy to form, it must be completely sta-
ble during the dozens of reactions in-
volved in assembling the peptide chain
and it must be readily cleaved under
relatively mild conditions at the end of
the synthesis. The anchor we chose was
prepared by attaching chloromethyl
groups (CICH.,) to the six-carbon rings of
the polystyrene and then reacting them
with the first amino acid to form what is
known as a benzyl ester [see illustration
on next page]. The benzyl group also
served to protect many of the reactive
side chains.

The choice of the benzyl group in
turn influenced the choice of the pro-
tecting group for the amino ends of the
successive amino acids. That is, it had
to be possible to remove the amine pro-
tection selectively at every cycle of the
synthesis without detaching the peptide
from the resin or deprotecting the side
chains. The protecting agent we chose
was tertiary butyloxycarbonyl (“Boc”), a
group that had been developed a few
years earlier for use in conventional syn-
theses. It was sensitive to certain anhy-
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drous acids that would not affect the
ester and it could therefore be removed
without disturbing the anchor.

The principal remaining problem was
the peptide-forming reaction itself,
which had to be rapid and must not give
rise to side reactions. Most important of
all, it had to go to completion; it was ab-
solutely crucial to the success of the
process that this step give essentially 100
percent yields. Suppose, for example,
the second amino acid were to couple to
the extent of only 90 percent, which is
considered a most acceptable yield in
organic chemistry. What will happen
when the third amino acid is coupled? It
will react with the amino end of the
dipeptide to form a tripeptide, but it will
also couple with the unreacted 10 per-
cent of single amino acids to produce
dipeptides that lack the second amino
acid. In an ordinary synthesis the inter-
mediate products are isolated at each
stage; in the solid phase method they are
simply washed free of soluble impurities,
and the abnormal chain will be carried
through the entire synthesis, giving at
the end a mixture consisting of 90 per-
cent of the correct peptide and 10 per-
cent of a peptide with a missing link. In
this simple case the two products could
probably be separated and purified, but
if incomp]ete reactions were to occur
several times during the synthesis of a
long peptide, a complex mixture would
result that might not be so easy to sepa-
rate [see upper illustration on page 67].

We therefore put great stress on find-
ing reagents and conditions that would
lead to complete coupling reactions, and
we have fortunately been able to achieve
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that goal in practice. Many ways to ac-
tivate amino acids have been developed
for use in peptide synthesis. For the
solid phase method the most successful
procedures have been to activate with
the reagent dicyclohexylcarbodiimide
or to use the nitrophenyl esters of the
amino acids. These activated forms are
highly effective, but only if they can
reach the proper sites. To ensure their
rapid, unimpaired penetration into the
resin, where most of the peptide chains
are located, a solvent of high swelling
capacity, such as methylene chloride, is
necessary.

This solvent causes the beads to swell
to approximately twice their original di-
ameter, which means that the polymer
chains are then distributed in eight times
the initial volume. The polymer mole-
cules occupy only about 12 percent of
the total space of each swollen bead, and
the remaining 88 percent is filled with
solvent containing the activated amino
acid molecules. The diffusion of these
small molecules is relatively little in-
hibited by the polymer, so that the reac-
tions take place almost as fast as they
would in solution.

The efficiency of coupling also de-
pends on the concentrations of the re-
actants: the peptide chain and the aminp
acid being added to it. If one begins with
equal amounts of the reactants, their
concentrations will decrease to very low
levels as the reaction nears completion
and the reaction rate, which is propor-

SOLID PHASE METHOD is carried out stepwise from the carboxyl
end toward the amino end of the peptide. An aromatic ring of the
polystyrene (1) is activated by attaching a chloromethyl group (2).
The first amino acid (black), protected by a butyloxycarbonyl
(Boc) group (black box),is coupled to the site (3) by a benzyl ester
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bond and is then deprotected (4). Subsequent amino acid units are
supplied in one of two activated forms; a second unit is shown in
one of these forms, the nitrophenyl ester of the amino acid (5). The
ester (colored box) is eliminated as the second unit couples to the
first. Then the second unit is deprotected, leaving a dipeptide (6).
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The troublé with polyester cord tires is

they look like ordinary tires.

With the difference
polyester cord has made in
tires, they ought to come out
looking like works of art.

The new polyester cord

tires, for instance:

1. Ride as smooth as rayon.
(No thump, thump,
thump with a cold start.)

2. Are as tough as nylan,

3. Run cooler.

4. Wear more evenly; fight
squirm.

5. And last longer.

At last, a safer, smooth

riding, hard driving, long

distance tire has been born.

We’re not tire
manufacturers. We don’t
even make polyester tire cord.
All we do is supply two key
ingredients used in making
polyester: high purity DMT
(Dimethyl Terephthalate) and
TA (Terephthalic Acid).

(We were the first company
in the U.S. to produce a
commercial fiber grade TA,
| and the only company to this
| day that supplies both

! chemicals.)

AMOCO CHEMICALS A

Where what’s happening gets its start.
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That doesn’t give us the
liberty to tell anybody how
to design tires,

And maybe no one would
buy one that looked like this,
But, we thought we ought to
do something to make the
point.

Amoco Chemicals
Corporation, 130 East
Randolph Drive, Chicago.
Illinois 60601,



Although computers aren’t new to the industry,
only now has it been demonstrated how completely
computer technology can serve every phase of an
airline’s organization.

This happened when United Air Lines
commissioned UNIVAC to design and build an on-line
computerized information system.

It represents the largest such investment the
business world has seen thus far. The first to utilize
cathode ray tube sets (input/output devices
resembling TV monitors) on a nationwide basis.

Over 2800 of these UNISCOPE™ visual
communication terminals will link 116 United cities

to a centralized complex using three UNIVAC® 1108-11
computers.

To the United customer this will mean better
service.

When a United agent queries his set on seat
availability he’ll get a response in one second.

And in that time he’ll also get a complete
readout on his screen with availabilities for five
flights in addition to the one he requested.

Agents at ticket counters and in air freight
terminals will have the unique advantage of automatic
ticket or airbill printing provided by any one of
700 printer units that are integral to this

Univac

W hen you grow as fast as the airline industry, you get growing
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UNIVAC real-time system.

The information this system processes will
cover seventeen basic categories ranging from
passenger reservations, meal planning, crew and
aircraft scheduling to flight planning and cargo
loading.

It will provide United management with the
basic data vital to operating a jet fleet of 400 aircraft
and a passenger volume which is expected to double
in the next five years.

For such potential to become operational by
1968 requires years of work. Three years of United
planning. Three hundred man years of systems

Airlines.

analysis and programming.

But United isn’t the only airline taking
advantage of UNIVAC real-time capability. Others are
Air France, Allegheny, British European Airways,
Eastern, Lake Central, Mohawk, North Central,
Northwest, Ozark, Scandinavian Airlines System
and Trans World Airlines.

And UN1vVAC systems are performing important
tasks for many other industries. For science,
education, and government—in all parts of the world.

UNIVAC

UNI1vAC is saving a lot of people a lot of time.
<4 SPERRY RAND

pains. W hen you apply computer technology growing is a little easier.
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Spoilsport?

An automatic on a Porsche? The car with the
world’s fastest, smoothest, sportiest gearbox? We’ve got
to be kidding.

We're not.

Porsche’s new optional Sportomatic actually adds
to the sport of this great gearbox. What Porsche engi-
neers have done is eliminate the clutch without robbing
performance or reliability. No small feat. One of the first
Porsches with Sportomatic won the 1967 Nurburgring
84-hour endurance race.

Still at your side is the familiar gear selector. When
you want to shift. . . when you want the little extra torque
at low rpm . . . when you want engine braking . .. or you

hit special driving conditions . . . then shift. Even quicker
than before, because clutching is automatic on
Sportomatic.

"But . . . when you're dog-tired. Or driving’s pure
stop-and-go. Or someone in the family prefers non-shift-
ing. Just putitin “D’’ and drive.

Spoil your sport? On the contrary. It's still a
Porsche. Only better.

To try your hand at Sportomatic driving, visit a
Porsche dealer. For name of nearby dealer, technical
data or Porsche Tourist Delivery information, write
Porsche of America Corporation, 107 Tryon Avenue
West, Teaneck, N.J. 07666.

East Coast POE prices for 900 series (Porsche 912, 911 and 911L) start about $4950 for coupes, $5350 for Targa convertibles. For Sportomatic, add $280.
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tional to the product of the concentra-
tions, will gradually approach zero. The
practical consequence is that scme of
the amino acids never do link up, and
the reaction never quite goes to comple-
tion. This is the usual situation in con-
ventional syntheses.

If, on the other hand, there is a rather
large excess of one of the reactants, a
significant rate can be maintained until
essentially all the limiting reactant (the
peptide chain) has entered into bond
formation. To illustrate, suppose we be-
gin with 100 parts of each reactant and
call the initial reaction rate 10,000

100 PERCENT

ADD B

90 PERCENT

ADD €

81 PERCENT E
\
X
A

ADD D :

72.9 PERCENT nn c

HIGH YIELD from each coupling reaction is important in the sol-
id phase method because products of incomplete reactions persist
through the filtering steps. If each amino acid were to couple with
even a relatively high efficiency, say 90 percent, the yield of pure

(100 X 100). After the reaction is 99 per-
cent completed, one part of each reac-
tant would remain, and the relative rate
would be only 1, or 1/10,000 as fast as
at the beginning. Even with a very fast
initial rate it would take a long time to
complete the reaction.

Suppose instead we begin with 100
parts of the peptide chain as before but
with 400 parts of the activated amino
acid. Now after 99 percent of the chain
is used up the relative rate would still
be 301 (1 X 301). In the presence of the
fourfold excess of the amino acid, one
can calculate, the reaction can go to
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99.99 percent of completion in the same
time it would take to go to only 75 per-
cent if equal amounts of the reactants
had been used. One of the important
advantages of solid phase peptide syn-
thesis is that such an excess of the amino
acid derivative can be used without
complicating the subsequent purification
procedure, since at the end of each re-
action the excess is simply removed by
filtration and washing. Thus we can force
the reaction to completion and leave
essentially no free, unreacted peptide
chains.

The deprotection and coupling reac-
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peptide (dark color) would be down to 72.9 percent by the time the
fourth unit was added. More important, the seven different peptide
fragments that lack one amino acid unit or more would have to be
separated chemically. In practice, yields are close to 100 percent.

NH, ARG ARGINING
E=NH GLY  GLYCINE
L PHE  PHENYLALANINE
) PRO  PROLINE
CH, SER  SERINE
i e
e g
C—N—C—C—l\ll—Cli—(lil—l\ll—(IZ—%‘—OH
HHOHHDO

od. Its nine amino acid subunits (five different amino acids) were
assembled stepwise from the carboxyl (right) end of the chain.

BRADYKININ, a small peptide hormone, was one of the first pep-
tides synthesized in the author’s Jaboratory by the solid phase meth-

&7
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tions just described can be repeated al-
ternately until the desired peptide chain
has been assembled on the resin beads.
The final step is the cleavage of the
benzyl ester bond that has been hold-
ing the chain to the resin throughout
the synthesis. As indicated earlier, this

FIRST SYNTHESIS of insulin chains was accomplished by the
fragment method, as illustrated here. The primary structure of the
two chains is diagraimmmed at the center, together with the names of
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bond was chosen because it is stable
during the synthesis but can be selec-
tively split at the right time without
damaging the peptide chain. The resin
is suspended in anhydrous trifluoroacetic
acid, and dry hydrogen bromide gas is
bubbled through to effect the splitting.

© 1968 SCIENTIFIC AMERICAN, INC

(More recently anhydrous liquid hydro-
gen fluoride has been successfully em-
ployed for this step.) These reagents also
remove the pr()tecting groups on side
chains. The peptide, now in a free and
soluble state, is separated from its resin
support by filtration and is purified. It

the amino acid “units (see key at top right). Note the disulfide
(S—S) bonds between cysteine units, two of which link the 4 (top)
and B (bottom) chains. The general pattern of the synthesis of the

ALA + GLY
CYS + ALA i GLY LEU + TYR GLN
GLY + ILE VAL + GLU CYS + Cys !' ALA — GLY CYS + SER LEU & TYR + GLN
GLY i ILE + VAL i’ GLU GLN + CYS i CYS — ALA GLY VAL + CYS v SER LEU — TYR \li GLN
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ALA ALANINE is much more elegant and efficient than
RN i 1- ash ARG ARGININE the laboratory one, and no one presumes
LEU" ASN TYR + CYS Y ASN ASN AOPARAGINE to duplicate or even approach the com-
{ CYs L‘E‘TE) F‘:Ev plexities of the cell's scheme at this
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LEU 4+ GLU — ASN — TYR — CYS — ASN GLY  GLYCINE ?::t NN "i’lt f:’e,ntplvtze’_?ilm‘ ttlfl
H HIS DN nature; it was only in retrospect that the
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LEU LEUCINE less, it could well be that in the future
LEU — GLU — ASN — TYR — CYS — ASN LYS LYSINE organic chemists may benefit from a
PHE SHENYLALANNE  more complete understanding of the way
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oH SER  SERINI tasks.
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ecause the intermediate products
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S
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is then ready for analysis and, where
possible, for biological assay.

Those who are familiar with the mech-
anism of protein synthesis in the living
cell will see some superficial resem-
blance between it and the system just
described. Both depend on a particulate

A chain by P. G. Katsoyannis’ group at the University of Pittsburgh
is shown above the insulin formula. The 21 amino acid units were
assembled stepwise into intermediate fragments of from two to five

support (in the cell the support is the
ribosome), both involve activation of the
amino acid (in the cell the amino acid is
activated by the energy-rich molecule
adenosine triphosphate, or ATP) and
both are stepwise processes. It even has
been learned recently that in bacteria
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the synthesis starts with one end of
the chain protected ard that an enzyme
later carries out a deprotection step just
as we do in the laboratory [see “How
Proteins Start,” by Brian F. C. Clark and
Kjeld A. Marcker; SCIENTIFIC AMERI-
cAN, January].

The analogy should not be pushed
too far, however. The natural synthesis

units and the fragments were then coupled in stages to assemble the
complete chain. The similar synthesis of the B chain by Helmut
Zahn’s group in Germany is shown below the insulin formula.
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the synthesis need not be isolated but
are purified by simple filtration and
washing reactions that can be carried
out in a single vessel; the manipulations
required to transfer products from one
container to another have been eliminat-
ed. Once the resin beads with an amino
acid attached are placed in the vessel it
is only necessary to introduce the ap-
propriate liquid solvent or reagent, allow
it to react, remove the excess reagent
and by-products by filtration and then
repeat the process with the next reagent.

It is easy to visualize how all these
steps can be accomplished automatically
by a rather simple device. We con-
structed a machine that consists essen-
tially of two parts: a reaction vessel with
the plumbing necessary to introduce and
remove the solvents in the right order at
the right times and a programmer that
controls these operations. The solvents
and the reagents, contained in a series of
reservoirs, are selected one at a time by
a specially designed rotary valve. The
solvents are introduced into the bottom
of the reaction vessel by a metering
pump while air is displaced at the top.
Valves to the vessel are then closed and
a mechanical shaker mixes the reactants
for a predetermined time. Next a vac-
uum withdraws solvent through a porous
glass filter disk in the bottom of the ves-
sel while dry air enters at the top; the
beads, with the peptide attached, remain
in the vessel. One cycle of the synthesis
(the lengthening of the peptide chain by
one amino acid) requires 12 different
reagents, one of which is a protected
amino acid. The next cycle calls for the
same series of reagents except for a dif-
ferent amino acid, which is selected by a
second rotary valve.

All the steps just described are con-
trolled by a “stepping-drum” program-
mer. It is like an old-fashioned music
box. Once the pins have been positioned
on the drum to play the proper tune the
machine takes over and directs the
chemical synthesis. The pins activate
switches that turn the pump and shaker
on and off and open and close the valves
at the proper times and in the proper se-
quence. One cycle of the synthesis re-
quires 100 steps of the drum and takes
about four hours, so that it is now pos-
sible to carry out automatically all the
operations required for the assembly of
a peptide chain at the rate of six amino
acids a day.

After the details of the synthetic
scheme had been worked out by the syn-
thesis of small peptides the procedure
was given a more demanding test: the
preparation of the hormone bradykinin,
a nine-amino-acid peptide with several
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physiological activities that served as
sensitive criteria to demonstrate the
identity and purity of the final product.
The synthetic bradykinin was identical
in all respects, both chemically and bio-
logically, with the natural hormone.
During the past four years the solid
phase technique has been applied to the
preparation of bradykinin analogues
(nearly 100 of which have been made by
J. M. Stewart at Rockefeller University)
and other small peptide hormones such
as angiotensin and oxytocin. It has also
been used in our laboratory and others
for the synthesis of the antibiotics grami-
cidin-S and tyrocidin, and for synthetic
studies of the immunological determi-
nants of hemoglobin and tobacco mosaic
virus. It was clear that peptides contain-
ing 10 or 20 amino acids could be made
by the solid phase method as well as by
classical procedures. The important
question then became whether or not
molecules as large and complex as pro-
teins could be synthesized by this
method.

Synthesis of Insulin

The smallest molecule that qualifies
as a true protein is insulin. It naturally
became the object of intensive synthetic
work by several groups of chemists
when, in the late 1950, it seemed likely
that the synthesis of a protein was a
feasible goal. Insulin was chosen not

only for its size but also for several other
important reasons. The availability of
synthetic hormone would help to answer
many questions about its mechanism of
action. Most important, the composition
and complete primary structure (the se-
quence of amino acid units) had become
known a few years before through the
work of the group led by Frederick
Sanger at the University of Cambridge
[see “The Insulin Molecule,” by E. O. P.
Thompson; SCIENTIFIC AMERICAN, May,
1955].

The insulin molecule is much more
complex than a simple peptide such as
bradykinin [see illustration on preceding
two pages]. It not only has nearly six
times as many amino acids but also has a
greater variety of them: 17 rather than
five. This introduces many new prob-

1 ASN-@

1 CYS-ASN-@

1 TYR-CYS-ASN-@

I ASN-TYR-CYS-ASN-@

1 GLU-ASN-TYR-CYS-ASN-@

1 LEU-GLU-ASN-TYR-CYS-ASN-@

I GLN-LEU-GLU-ASN-TYR-CYS-ASN-@

I TYR-GLN-LEU-GLU-ASN-TYR-CYS-ASN-@

I LEU-TYR-GLN-LEU-GLU-ASN-TYR-CYS-ASN-{

I SER-LEU-TYR-GLN-LEU-GLU-ASN-TYR-CYS-ASN-@

I CYS-SER-LEU-TYR-GLN-LEU-GLU-ASN-TYR-CYS-ASN-@

I VAL-CYS-SER-LEU-TYR-GLN-LEU-GLU-ASN-TYR-CYS-ASN-@

I SER-VAL-CYS-SER-LEU-TYR-GLN-LEU-GLU-ASN-TYR-CYS-ASN-{

I ALA-SER-VAL-CYS-SER-LEU-TYR-GLN-LEU-GLU-ASN-TYR-CYS-ASN-@

1 C_YS—ALA—SER—VAL—CYS—SER—LEU—TYR—G LN-LEU-GLU-ASN-TYR-CYS-ASN-@

I CYS-CYS-ALA-SER-VAL-CYS-SER-LEU-TYR-GLN-LEU-GLU-ASN-TYR-CYS-ASN-{

I GLN-CYS-CYS-ALA-SER-VAL-CYS-SER-LEU-TYR-GLN-LEU-GLU-ASN-TYR-CYS-ASN-{

I GLU-GLN-CYS-CYS-ALA-SER-VAL-CYS-SER-LEU-TYR-GLN-LEU-GLU-ASN-TYR-CYS-ASN-@

I VAL-GLU-GLN-CYS-CYS-ALA-SER-VAL-CYS-SER-LEU-TYR-GLN-LEU-GLU-ASN-TYR-CYS-ASN-

1 ILE-VAL-GLU-GLN-CYS-CYS-ALA-SER-VAL-CYS-SER-LEU-TYR-GLN-LEU-GLU-ASN-TYR-CYS-ASN-

I GLY-ILE-VAL-GLU-GLN-CYS-CYS-ALA-SER-VAL-CYS-SER-LEU-TYR-GLN-LEU-GLU-ASN-TYR-CYS-ASN-{

GLY-ILE-VAL-GLU-GLN-CYS-CYS-ALA-SER-V AL-CYS-SER-LEU-TYR-GLN-LEU-GLU-ASN-TYR-CYS-ASN

Na in
Na in

NH3

GLY-ILE-VAL-GLU-GLN-CYS-CYS-ALA-SER-VAL-CYS-SER-LEU-TYR-GLN-LEU-GLU-ASN-TYR-CYS-ASN

Na-SO~ Na»S,0O
NaS03, NasS,0

294 SOs SO3 SO3 SO3
GLY-ILE-VAL-GLU-GLN-CYS-CYS-ALA-SER-VAL-CYS-SER-LEU-TYR-GLN-LEU-GLU-ASN-TYR-CYS-ASN

SOLID PHASE SYNTHESIS of the 4 chain (left) and the B chain (right) is diagrammed.
An amino acid protected by a Boc group (vertical bar) is coupled to a polystyrene bead
(top),then deprotected. Activated amino acids, protected at the amino end and if necessary
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lems of side-chain protection. Particular-
ly complicating is the presence of three
disulfide-bond (S—S) cross-links between
cysteine units. Insulin consists of two lin-
ear peptide chains: an A chain with 21
amino acids and a B chain with 30. They
are held together by two interchain di-
sulfide bridges, and in addition one of
the chains has an intrachain disulfide
loop. Furthermore, the molecule has a
definite three-dimensional conformation.
Although the X-ray structure has not yet
been worked out in detail, it is clear
from the fact that insulin forms charac-
teristic crystals that it is composed of
molecules with a precise structure.

How can one hope to build up the
long peptide chains, to form the three
disulfide bonds between the correct cys-
teine units and then to fold the entire

assembly into its proper shape? This is
asking a lot, because there are many
possible ways for the S—S bonds to form,
and the possible variations in the confor-
mation of the molecule are enormous. It
is only possible at this time because na-
ture comes to the chemist’s aid. If we
simply make the two chains with the six
cysteine units all in the reduced (SH)
form (in which a hydrogen atom is at-
tached to each sulfur atom) and mix
them under the proper oxidizing condi-
tions, they will preferentially form the
correct S—S bridges and fold into the
characteristic insulin conformation all by
themselves!

The discovery in 1960, by G. H. Dixon
and A. C. Wardlaw of the University of
Toronto, that this would happen pro-
vided the key peptide chemists needed

to undertake the synthesis of insulin. All
four laboratories that have made insulin
have depended on this fact and have
made the two chains separately. From
the point of view of the chemist this is
really peptide synthesis rather than pro-
tein synthesis, but when the two chains

IALA- @

ILYS-ALA- @

IPRO-LYS-ALA- @

ITHR-PRO-LYS-ALA- @
ITYR-THR-PRO-LYS-ALA- @
IPHE-TYR-THR-PRO-LYS-ALA- @
1PHE-PHE-TYR-THR-PRO-LYS-ALA- @
1GLY-PHE-PHE-TYR-THR-PRO-LYS-ALA-~ @

IARG-GLY-PHE-PHE-TYR-THR-PRO-LYS-ALA- @

IGLU-ARG-GLY-PHE-PHE-TYR-THR-PRO-LYS-ALA- @

IGLY-GLU-ARG-GLY-PHE-PHE-TYR-THR-PRO-LYS-ALA- @

ICYS-GLY-GLU-ARG-GLY-PHE-PHE-TYR-THR-PRO-LYS-ALA- @

IVAL-CYS-GLY-GLU-ARG-GLY-PHE-PHE-TYR-THR-PRO-LYS-ALA- @

ILEU-VAL-CYS-GLY-GLU-ARG-GLY-PHE-PHE-TYR-THR-PRO-LYS-ALA- @

ITYR-LEU-VAL-CYS-GLY-GLU-ARG-GLY-PHE-PHE-TYR-THR-PRO-LYS-ALA- @

ILEU-TYR-LEU-VAL-CYS-GLY-GLU-ARG-GLY-PHE-PHE-TYR-THR-PRO-LYS-ALA- @

I ALA-LEU-TYR-LEU-VAL-CYS-GLY-GLU-ARG-GLY-PHE-PHE-TYR-THR-PRO-LYS-ALA- @

IGLU-ALA-LEU-TYR-LEU-VAL-CYS-GLY-GLU-ARG-GLY-PHE-PHE-TYR-THR-PRO-LYS-ALA- @

IVAL-GLU-ALA-LEU-TYR-LEU-VAL-CYS-GLY-GLU-ARG-GLY-PHE-PHE-TYR-THR-PRO-LYS-ALA- @

ILEU-VAL-GLU-ALA-LEU-TYR-LEU-VAL-CYS-GLY-GLU-ARG-GLY-PHE-PHE-TYR-THR-PRO-LYS-ALA- @

IHIS-LEU-VAL-GLU-ALA-LEU-TYR-LEU-VAL-CYS-GLY-GLU-ARG-GLY-PHE-PHE-TYR-THR-PRO-LYS-ALA- @

ISER-HIS-LEU-VAL-GLU-ALA-LEU-TYR-LEU-VAL-CYS-GLY-GLU-ARG-GLY-PHE-PHE-TYR-THR-PRO-LYS-ALA- @

IGLY-SER-HIS-LEU-VAL-GLU-ALA-LEU-TYR-LEU-VAL-CYS-GLY-GLU-ARG-GLY-PHE-PHE-TYR-THR-PRO-LYS-ALA- @

ICYS-GLY-SER-HIS-LEU-VAL-GLU-ALA-LEU-TYR-LEU-VAL-CYS-GLY-GLU-ARG-GLY-PHE-PHE-TYR-THR-PRO-LYS-ALA- @

ILEU-CYS-GLY-SER-HIS-LEU-VAL-GLU-ALA-LEU-TYR-LEU-VAL-CYS-GLY-GLU-ARG-GLY-PHE-PHE-TYR-THR-PRO-LYS-ALA- @

IHIS-LEU-CYS-GLY-SER-HIS-LEU-VAL-GLU-ALA-LEU-TYR-LEU-VAL-CYS-GLY-GLU-ARG-GLY-PHE-PHE-TYR-THR-PRO-LYS-ALA- @

IGLN-HIS-LEU-CYS-GLY-SER-HIS-LEU-VAL-GLU-ALA-LEU-TYR-LEU-VAL-CYS-GLY-GLU-ARG-GLY-PHE-PHE-TYR-THR-PRO-LYS-ALA- @

I ASN-GLN-HIS-LEU-CYS-GLY-SER-HIS-LEU-VAL-GLU-ALA-LEU-TYR-LEU-VAL-CYS-GLY-GLU-ARG-GLY-PHE-PHE-TYR-THR-PRO-LYS-ALA- @

— — —_— s — [— e — — [ ——
IVAL-ASN-GLN-HIS-LEU-CYS-GLY-SER-HIS-LEU-VAL-GLU-ALA-LEU-TYR-LEU-VAL-CYS-GLY-GLU-ARG-GLY-PHE-PHE-TYR-THR-PRO-LYS-ALA- @

IPHE-VAL-ASN-GLN-HIS-LEU-CYS-GLY-SER-HIS-LEU-VAL-GLU-ALA-LEU-TYR-LEU-VAL-CYS-GLY-GLU-ARG-GLY-PHE-PHE-TYR-THR-PRO-LYS-ALA- @

HBr in NH;

PHE-VAL-ASN-GLN-HIS-LEU-CYS-GLY-SER-HIS-LEU-VAL-GLU-ALA-LEU-TYR-LEU-VAL-CYS-GLY-GLU-ARG-GLY-PHE-PHE-TYR-THR-PRO-LYS-ALA

Na in NH3

PHE-VAL-ASN-GLN-HIS-LEU-CYS-GLY-SER-HIS-LEU-VAL-GLU-ALA-LEU-TYR-LEU-VAL-CYS-GLY-GLU-ARG-GLY-PHE-PHE-TYR-THR-PRO-LYS-ALA

N : S07

SO
PHE-VAL-ASN-GLN-HIS-LEU-CYS-GLY-SER-HIS-LEU-VAL-GLU-ALA-LEU-TYR-LEU-VAL-CY

at the side chain (horizontal bars), are then coupled stepwise.
When the chain is complete, it is cleaved from the bead, and most
protecting groups are removed, by hydrogen bromide treatment.
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3
S-GLY-GLU-ARG-GLY-PHE-PHE-TYR-THR-PRO-LYS-ALA

Sodium treatment removes groups protecting the cysteine and histi-
dine side chains. Then the cysteines are changed from the sulfhydryl
form to the stable S-sulfonate form in preparation for purification.
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COMBINATION of the 4 and B chains, now purified and in the S-sulfonate form, was car-
ried out by the method developed in China. The chains were mixed and reduced to the sull-
hydryl form with thioglycolic acid. On exposure to air in an alkaline solution the sulfhydryl
groups oxidized slowly and the three disulfide bonds characteristic of natural insulin were
formed. By-products formed by incorrect cross-linking could be removed by extraction.

are combined, the final product meets all
the usual criteria for a protein and justi-
fies the conclusion that a real protein has
been synthesized in the laboratory.

The first published synthesis of an in-
dividual insulin chain was made by P. G.
Katsoyannis and his colleagues at the
University of Pittsburgh School of Medi-
cine in 1963. They made the 21-residue
A chain of sheep insulin by the fragment
method. When the synthetic A chain was
linked with the natural B chain, the com-
bination gave rise to a small but definite
amount of insulin activity. Later that
same year a large group of chemists at
the Technische Hochschule at Aachen in
Germany, under the direction of Helmut
Zahn, reported the synthesis of both the
A and the B chain and the successful
combination of the two for the first total
synthesis of insulin. The overall yields
(2.9 percent for the A chain and 7 per-
cent for the B) and the extent of the com-
bination (.2 to 1 percent) were still low,
but true insulin activity was obtained.
These syntheses, which also followed the
fragment approach, required 89 reaction
steps for the A chain, 132 steps for the B
chain and three more steps for the com-
bination of the two. Each step, of course,
required numerous operations. ’

During the same period a third group
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was working on insulin at the Academy
of Science in Shanghai and the Univer-
sity of Peking. Their first important con-
tribution to the problem was the devel-
opment of improved methods for the
separation and recombination of natural
insulin chains. Their yield was eventual-
ly increased to about 50 percent, which
meant that the combination was far from
a random process. Their major contribu-
tion was the preparation in 1965 of the
first crystalline, all-synthetic insulin. The
crystals were obtained in low yield, but
they had the same form as the native
molecule and, most important, the full
biological activity (more than 20 units
per milligram). This was a crucial ele-
ment of the proof that insulin had in fact
been synthesized.

Automatic Synthesis of Insulin

There remained a very real problem.
Large numbers of chemists had to work
for several years to produce tiny quanti-
ties of the peptides. In order to produce
useful amounts of insulin and to be able
to make modifications in the structure in
a more efficient way, we undertook in
1965 to apply the solid phase method to
the task. The results have been very en-
couraging. Although more than 5,000
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separate operations were required to as-
semble the 51 amino acids into the two
chains of bovine insulin, most of these
were performed automatically under the
control of the drum programmer, so that
it was possible for one man to carry out
the synthesis of both chains in only a few
days.

Beginning with three grams of resin,
Arnold Marglin of Rockefeller Univer-
sity was able to prepare approximately
two grams of protected A chain. A total
of eight grams of the protected B chain
was made on eight grams of the resin.
The reaction that detached the peptide
chains from their polystyrene support
also removed most of the side-chain pro-
tecting groups, leaving only the benzyl
groups on the cysteine and histidine side
chains. These could be removed by re-
duction with metallic sodium dissolved
in liquid ammonia, a reaction that was
discovered many years ago by Vincent
du Vigneaud of the Cornell University
Medical College and was the key to his
historic syntheses of the pituitary hor-
mones oxytocin and vasopressin. Ap-
plied to insulin, however, the sodium
treatment at first broke some of the
bonds between the amino acids threo-
nine and proline in the B chain. Once
we recognized what was happening it
was possible to keep the chains from
splitting by careful modification of the
conditions of the reaction.

This deprotecting step left the cys-
teine groups in the reduced (SH) form.
Although it was just this SH form that
we would later want for the final oxida-
tion step to link the two chains, the SH
groups were too unstable to undergo the
purification procedures that were now
necessary; they were stabilized by con-
version to S-sulfonates (SSO, ). Then
the two peptide chains could be purified
by three methods: filtration, which de-
pends on molecular size; countercur-
rent distribution, which depends on
differential solubility, and free-flow elec-
trophoresis, which depends on electric
charge. The resulting products could be
shown to be homogeneous by other elec-
trophoretic and chromatographic cri-
teria. Amino acid analyses showed that
the chains had the compositions charac-
teristic of the A and B chains of insulin.

The final step in the synthesis of in-
sulin was the combination of the two
purified chains. First the cysteine sul-
fonates were converted back to the SH
form. Then the chains were combined
by the method developed by the Chi-
nese, which involves the slow oxidation
by air of the SH forms of both chaiis
[see illustration on page 72]. We were
able to show that either of our synthetic
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chains could be combined with the com-
plementary natural chain to produce bi-
ologically active, semisynthetic insulin.
Then the two synthetic chains were com=
bined to form all-synthetic insulin. The
synthetic hormone was active in the
standard biological assay, which is based
on the amount that must be injected to
lower the blood sugar enough to cause
convulsions in 50 percent of a group of
experimental mice. The response to the
synthetic preparations was shown to be
due to low blood sugar rather than to
some nonspecific toxic effect because
the animals recovered rapidly after they
were given glucose. In addition, the syn-
thetic material behaved like insulin in
various physical and chemical tests. For
example, its mobility in paper electro-
phoresis was the same as that of the
natural hormone.

The yield and the purity of the chains
themselves, which constitute the pep-
tide synthesis portion of the work, are
quite good, but our combination yields
are still poor. Important progress in that
regard has been made recently by Kat-
soyannis and his co-workers. They have
modified one of the earlier Chinese
methods (using the SH form of the A
chain and the SSO,~ form of the B chain)
and can now obtain much improved
yields in the final step of the synthesis.
It is fair to conclude that the synthesis
of one protein has been accomplished
and that another major hurdle has been
cleared by chemists in their continuing
struggle to duplicate nature.

Current developments in peptide
chemistry should bring within reach
other small protein molecules that are
of great biological interest. The struc-
tures of myoglobin, cytochrome ¢, ferre-
doxin and growth hormone are known,
for example, and we can expect some of
them to be synthesized. A major step
toward the synthesis of living systems
will come with the synthesis of virus-
coat protein; that of the tobacco mosaic
virus may be the first.

It is the enzymes that are probably of
greatest current interest. It is important
to learn how these complex protein mole-
cules function in their control of bio-
chemical reactions. Why are they such
enormously active catalysts and why are
they so specific in their action? What
factors are responsible for the “active
centers” of enzymes and for their spe-
cific binding sites” How does the pri-
mary structure of the protein control its
three-dimensional structure and its func-
tion; how will changes in the amino acid
sequence influence biological activity?
Automatic solid phase syntheses should
help to answer some of these questions.
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Bilingualism and Information Processing

A person who can speak two /unguuges has clearly- mastered

two sets of symbols. Experiments that cause the two sets

to interact provide important clues to how the mind works

s the human mind too complex to be
I a profitable object of study? Many

investigators have felt that it is, and
vet one approach to it has always seemed
premising. One of the principal activities
of the human mind is the manipulation
of symbols; might not an investigation of
the way people use symbols yield some
insights into the workings of the mind?

If so, a person who can speak two
languages with reasonable fluency is of
particular interest, because he works
with two distinct sets of symbols. By
presenting a bilingual subject with in-
formation in one language and then test-
ing him in the other, the investigator
should be able to learn much about the
mental operations involved in the ac-
quisition, storage and retrieval of the
information. This has been the objective
of experiments my colleagues and I have
conducted with bilingual subjects in the
Research Laboratory of Electronics at
the Massachusetts Institute of Technol-
ogy and in the Center for Cognitive
Studies at Harvard University.

At the outset a qualification is in or-
der. The experiments were concerned
only with words, whereas the mind also
receives and manipulates information in
many other forms. One can remember
the appearance of an object, the tonal
quality of a musical instrument, the tex-
ture of a surface or the smell of a lower
without being able to describe them pre-
cisely in words. The reader can remind
himself of this fact by trying to find
words for the smell of a rose. Nonethe-
less, much of a human being’s thinking
is expressed in words; they are clearly
his principal means of receiving, stor-
ing, manipulating and transmitting in-
formation. The question of how words
are involved in these processes is now
the subject of intensive inquiry.

Let me proceed to our own work with
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by Paul A. Kolers

an anecdote. Once when I was visiting
Belgrade I set out with a colleague to
buy a certain kind of decorated shoe—
a part of the national costume of Yugo-
slavia—that had caught his eye. We tried
several shops, where, with a combina-
tion of German, French, guidebook Ser-
bian and gestures, he tried to get what
he wanted. Finally we found a shop
that had the shoes, but not in the right
size.

As we started to leave, two other men
came into the store speaking Italian. My
friend listened and then said in Spanish,
“They don’t have that size; I just asked.”
One of the newcomers said, “Why do
you speak Spanish to us? We're speaking
Italian.” “I know,” said my friend in
Spanish, “but I don’t speak Italian. Can’t
you understand me? I understand you.”
“Well then,” said the other man in
French, “it is not so good. How is your
French?” My friend answered in French,
“I don’t understand why you don’t un-
derstand Spanish when you know Ital-
ian. My French is poor. Do you speak
German?” “But yes, all right, let us speak
German. Where do you come from?”
My friend replied in German, “The
United States. And where are you from?”
The reply—in English—was “We're from
New York,” and everyone laughed. The
entire exchange, involving the use of
five languages, lasted for less than a
minute.

I tell this story not only because it il-
+ lustrates a number of aspects of the
skilled use of languages but also because
it was in thinking about the implications
of the episode that I became interested
in bilingualism. One point the story
makes about the skilled user of two or
more languages is that he can switch
readily from one language to another.
A second point is that the changeover is
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usually total: the people in the episode
did not speak a mixture of Italian, Span-
ish, French, German and English; they
spoke one or another exclusively.

Let us consider what such switching
entails. In some languages, such as En-
glish and French, the meaning of a sen-
tence is strongly dependent on the se-
quence of the words. The point is well
made by the contrast between “The dog
bit the man” and “The man bit the dog.”
The individual words are identical; the
meanings are not. In other languages,
such as German and Latin, meaning is
less dependent on word order because
the subjects and objects of sentences are
indicated by case endings and the de-
clension of articles. The difference in
German between “Der Hund biss den
Mann” and “Den Mann biss der Hund”
is more one of emphasis than of meaning.
Even though the order of words is dif-
ferent, both sentences translate as “The
dog bit the man,” although the second
sentence might be taken to indicate a
particular man.

There are of course many rules that
characterize the use of a language. The
body of rules is the grammar of the
language; the individual words are its
lexicon. The two men speaking in the
Belgrade store did at least three things
when they switched languages. They
selected words from five different lexi-
cons. They used words in different or-
der, that is, they used different gram-
matical rules to generate meaningful
sequences of words. They also made
sounds in different ways, that is, they
used a German accent for German, a
French accent for French and so on.
Moreover, although they were perform-
ing a complicated psychological task in
switching among linguistic codes, they
did not really have to think about the
process.



One of our experiments was aimed at
assessing the psychological cost of such
code-switching. We were interested not
only in the mental processes of a bilin-
gual person when he hears or reads ei-
ther of his languages but also in what is
involved when he speaks or writes ei-
ther of them. Our approach made use
of passages of connected discourse, some
of which violated normal grammatical
rules. In one session bilingual subjects
read such passages silently and then
were tested for comprehension of what
they had read. In a second session they
read the passages aloud.

Four abbreviated passages are shown
in the illustration on the next page. Two
of them are wholly unilingual—one in
English and one in French. The other
two are mixed; both are made up of
some English words and some French
ones, but in the first the word order is
English and in the second it is French.
All four passages convey the same mes-
sage.

Before testing our subjects we had
established how much time other sub-
jects needed to read unilingual passages
of the same length as the experimental
passages and get a score of 75 percent
correct on a comprehension test. Our
experimental subjects were then asked
to read the various unilingual and mixed
passages in exactly that length of time.
One might think that in order to under-
stand a mixed passage a subject would

have to translate all the words into one
language or to switch between linguistic
codes in some other way. If so, one might
expect that the subjects would be so
busy translating and switching that they
would have less time to consider the
meaning of the passage. Hence they
would get a lower score on a compre-
hension test of a mixed passage than on
one of a unilingual passage.

Our findings, however, were that the
subjects had almost identical scores on
comprehension tests following the silent
reading of unilingual and mixed pas-
sages. I concluded that a skilled reader of
two languages can—in reading silently—
comprehend a passage readily no matter
to what extent words from either lan-
guage are mixed in the passage. He ap-
parently does not have to do any switch-
ing between linguistic codes when the
passages are read. (We have not yet done
the experiment to test if the same ease
of comprehension is evident when a bi-
lingual person listens to a message in
which words from his two languages are
mixed.)

The results were markedly different
when we had our subjects read various
passages aloud instead of silently. They
needed more time to read the mixed pas-
sages than to read the unilingual ones.
Evidently reading aloud entailed some
kind of code-switching between lan-
guages; the reader could not move as
smoothly through “his horse, followed de

deux bassets” as he could through “his
horse, followed by two hounds.”

We had constructed the passages in
such a way that the unilingual ones con-
tained an average of 110 words of En-
glish or French. The mixed passages con-
tained 55 words from each language. We
therefore were in a position to measure
the amount of time required for code-
switching by seeing how long it took a
subject to read one passage in English
and one in French and then subtract-
ing the average of those times from the
amount of time it took to read a mixed
passage. Dividing the difference by the
number of linguistic transitions in a
mixed passage—the number of times a
switch occurred between English and
French—we determined that the average
amount of time required for each switch
in code was a third of a second. That is,
it took a subject a third of a second long-
er, on the average, to read something like
“his horse, followed de deux bassets”
than to read “his horse, followed by two
hounds.”

Doubtless some of the difference is
attributable to mechanical effects: the
subject must physically adjust his vocal
apparatus in switching from the sounds
of one language to the sounds of another.
We are not sure how much of the dif-
ference is due to such adjustments, but
from control experiments involving code-
switching in English alone we have con-
cluded that a significant portion of the
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TWO HYPOTHESES about the way a bilingual person handles in-
formation are represented by two arrangements of tanks. One hy-
pothesis (left) is that all his information is stored centrally, or in
one tank, and that he has access to it equally with both languages,
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which are represented by the various taps. The other (right) is that
his information is stored in linguistically associated ways, or in
separate tanks. Experiments by the author indicated that the actual
situation of a bilingual person combines parts of both hypotheses.
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His horse, followed by two hounds, made the earth re-
sound under its even tread. Drops of ice stuck to his cloak.
A strong wind was blowing. One side of the horizon lighted
up, and in the whiteness of the early morning light, he saw
rabbits hopping at the edge of their burrows,

Son cheval, suivi de deux bassets, en marchant d'un pas
égal faisait résonner la terre. Des gouttes de verglas se
collaient a son manteau. Une brise violente soufflait. Un
coté de I'horizon s'éclaircit; et, dans la blancheur du
crépuscule, il apercut des lapins sautillant au bord de
leurs terriers.

His horse, followed de deux bassets, faisait la terre re-
sonner under its even tread. Des gouttes de verglas stuck
to his manteau. Une violente brise was blowing. One side
de I'horizon lighted up, and dans la blancheur of the early
morning light, il apercut rabbits hopping at the bord de
leurs terriers.

Son cheval, suivi by two hounds, en marchant d'un pas
égal, made resound the earth. Drops of ice se collaient a
son cloak. A wind strong soufflait. Un c6té of the horizon
s'éclaircit; et, in the whiteness du crépuscule, he saw des
lapins sautillant au edge of their burrows.

SIMILAR PASSAGES of connected discourse were used in experiments with bilingual per-
sons. The passages present the same message in four ways: unilingually in English and
French and bilingually in mixed form, one favoring English word order and the other
French. Subjects reading mixed passages silently lost no time switching between languages,
whereas in reading aloud they took longer with mixed passages than with unilingual ones.
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code-switching interval is occupied by
amental operation. The operation can be
described as a “call time,” meaning the
amount of time the mind needs to. or-
ganize a set of procedures for handling a
piece of information. The length of call
time probably varies from person to
person. It may vary also with the pro-
cedure being called. In reading a science
textbook, for example, one sees words,
pictures, formulas and other kinds of
symbol and uses different procedures for
each of them. The length of time re-
quired to call the appropriate procedures
may also differ.

rI‘he experiments with mixed passages
involved the important matter of con-
text. Clearly the fact that each of the
passages had a context—a thematic con-
tinuity—made it easier for the subjects
to comprehend the passages. In some
instances context is created by the sys-
tem of symbols itself, as when a writer
uses words to tell the reader what top-
ic he is discussing. Other systems of
symbols are different. Computer pro-
grammers and engineers, for example,
cannot usually understand each other’s
programs or circuit drawings until they
are told separately what the program
or the drawing is designed to do—what
its context is. (How subtle one’s depen-
dence on context can be is illustrated by
a recent newspaper story that described
the bewilderment of a foreign visitor to
New York when he saw a sign saying,
“BUS STOP. NO STANDING.” Lacking the
context that would be familiar to any
New Yorker driving a car, he at first took
the sign to mean that he was supposed
to sit down while waiting for the bus.)
Words and other symbols, however,
are not always embedded in a context.
I wanted to investigate how the mind
dealt with words that were isolated from
context. To that end I undertook two
other experiments. Before 1 describe
them I need to supply some context.
Many bilingual people say that they
think difterently and respond with dif-
ferent emotions to the same experience
in their two languages. For example,
reading a poem or a play in French and
reading its translation in English are said
to create markedly different feelings and
impressions. It is difficult to assess these
introspective statements, if only because
emotive texts are notoriously difficult to
translate well. As Robert Frost once re-
marked, when a poem is translated, the
poetry is often lost.
Nonetheless, if one accepts the prem-
ise that such statements reflect a genuine
mental experience, one wonders about



its nature. In particular we wondered
whether the difference in impression
arises from the difficulty of translating
words accurately or from some overall
property of languages and the contexts
in which they are used. To put the ques-
tion another way, we wondered how
verbal symbols are stored in the mind.

Perhaps a metaphor will help to clari-
fy the issue. Regard the mind as a stor-
age tank and languages as taps. Is all
the information that words represent
stored in some central tank in the mind,
so that if a person is bilingual he has
access to the same information even
though he is using two different taps? If
so, one could expect a variety of taps:
some could be large and some small;
some could release the contents of the
tank as a spray and some as a stream.
That is, the taps might be regarded as
the rules of grammar that affect the
translation of information in the mind
into sentences. The information being
tapped would always be the same, but its
appearance and form would differ (ac-
cording to the grammar being used) in
such characteristics as word order, tense
agreement and the like.

Another possibility is that the infor-
mation in the mind of a bilingual per-
son depends fundamentally on the lan-
guage that was used to put it there. To
continue the metaphor, such a person
would have two tanks in his mind, each
with its own tap. The tanks would re-
flect a situation in which the rules for
using a language are indelibly stamped
on the information stored, so that the
bilingual person has access to different
information when he uses the different
taps.

The first of the two alternatives can
be described as common storage of in-
formation. The second entails separate
storage [see illustration on page 79].
The alternatives define two extreme
ways of characterizing the issue. If com-
mon storage were the case, the differ-
ences in reading a poem in two lan-
guages would be due entirely to the
difficulty of translation. If separate stor-
age were the case, the difference would
be due to other kinds of experience. The
fact is, as I shall show with a description
of the experiments, that neither extreme
alternative correctly describes the men-
tal storage of information. A third ar-
rangement that combines features of the
other two seems to be required.

"' he method I chose for examining

the extreme alternatives was a word-
association test in which the subject is
required to say the first word that comes

to mind in response to a stimulus word.
For example, a large percentage of
English-speaking adults respond to “ta-
ble” with “chair” and to “black” with
“white.” My subjects were students
whose native languages were German,
Spanish or Thai but who were also fluent

in English. In my tests the subjects re-
sponded in their native language to a
list of words in that language; they re-
sponded in English to the same list in
English, and they responded in one lan-
guage to stimulus words presented in the
other. A typical selection of words is
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WRITTEN TESTS of comprehension of unilingual and mixed passages produced these re-
sults for Americans (black) and Europeans (color). The scores are roughly equivalent for all
conditions, although the subjects did somewhat better with texts favoring their native syntax.
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BILINGUAL SIGNS, a common sight in Quebec, are indicative of a situation in which use
of two languages is an ordinary matter. Quebec often uses pictorial signs as an alternative.
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ENGLISH GERMAN
man Mann

w table Tisch

> bread Brot

:: boy Junge

(8] blossom Blate

g girl Madchen

w butter Butter
scissors Schere

) freedom Freiheit

Cz) justice Gerechtigkeit

E law Gesetz

(@) honor Ehre

§ patience Geduld

= wisdom Weisheit

g duty Pflicht

g civilization Zivilisation
lamb Lamm
thorn Dorn

7)) butterfly Schmetterling

‘é’ worm Wurm

T smoke Rauch

= castle Schloss
tree Baum
Norway Norwegen
pain Schmerz
hate Hass

8 jealousy Eifersucht

z fear Furcht

o love Liebe

e guilt Schuld
sadness Traurigkeit
pity Mitleid

SPANISH THAI
hombre poo chai
mesa dto
pan ka-nom bpung
muchacho dek poo chai
flor dauk mai barn
nina dek poo ying
mantequilla nur-ie
tijeras gkan gkrai
libertad say-ree parp
justicia yoo-dti tum
ley gkot mai
honor gkee-at-dti
paciéncia kwam ot-ton
sabiduria kwam raub roo
el deber nah tee
civilisacién ah-ra-ya tum
ovejito look gkaa
espina nam
mariposa pee sur-ah
gusano naun
humo kwan
castillo bprah-sart
arbol dton mai
Noruega nor-way
dolor chjep bpoo-at
odio kwam gklee-at
celos heung ,
miedo kwam gklau
amor kwam ruk
culpa kwam pit

| tristeza kwam sow

| piedad

song sarn i

LEXICON OF WORDS used in word-association tests of the kind shown in the upper illus-
tration on the opposite page was in four categories. The first contains words that evoke

similar responses when used as stimulus words; for example, most people hearing “man”
will respond “woman.” Other categories are self-explanatory. Thai words are presented here
in transliteration, whereas subjects familiar with the language saw them in Thai alphabet.

shown in all four languages in the illus-
tration above.

Consider the German words Haus
(house) and Tisch (table). Suppose a per-
son fluent in German and English who
was taking the German-German associ-
ation test responded to Tisch with Haus.
Would he respond to table with house
or with some other word, such as chair?
And how would he respond when the
stimulus was in one language and he was
asked to react in the other?
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If the hypothesis of a common store
of information were correct, one would
expect a large percentage of responses
to be similar in all the tests, since the
concepts with which the subject was
dealing would be essentially the same
regardless of the language he was speak-
ing. On the other hand, if information
were stored according to language, one
would expect the percentage of such
direct translations to be low; for “ex-
ample, the subject might respond to
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Tisch with Haus in the German-German
test and to table with chair in the En-
glish-English test.

Our finding was that about a fifth
of the responses were the same in a bi-
lingual subject’s two languages. That
is too large a percentage to warrant the
belief that the meanings of words were
stored completely in linguistically sepa-
rate tanks. On the other hand, the large
number of responses (about a quarter of
the total) confined to one language or
another enabled us to reject the idea
that the meanings existed in a single tank
for which the languages were merely
taps. The bilingual person does not have
a single store of meanings in his mind
that he taps with his two languages.
What it comes down to is that access
to the information one has in one’s mind
is in some cases restricted to the lan-
guage by which—or, more broadly, the
context in which—it was encoded.

What are these cases? An indication
is provided by the different responses
we received to different categories of
words. Some of the words we used re-
ferred to concrete objects; examples are
lamb, thorn, tree. Other words were
more abstract: freedom, justice, wisdom,
materialism. Still other words—hate,
jealousy, love, guilt—referred to feelings.

Our results revealed that words re-
ferring to concrete, manipulable objects
were more likely to elicit similar re-
sponses in the bilingual person’s two
languages than abstract words. The ab-
stract words in turn elicited a larger
number of similar responses than the
words referring to feelings. To put the
matter another way, love and Liebe or
democracy and Demokratie do not mean
the same thing to someone familiar with
English and German, even though they
are dictionary translations of one an-
other. He has different contexts and dif-
ferent expectations for each of the two
words in the pairs. In contrast, words
that refer to objects that people in vari-
ous countries manipulate in  similar
ways—objects such as pencils, books and
desks—have very similar meanings in the
two languages. The idea that there are
operational definitions of terms, as many
philosophers of science put it, seems to
have some psychological reality as one
basis of meaning.

Our work showed that some informa-

tion can be stored in such a way that
it is readily accessible in either of two
languages. Other information is, in terms
of its accessibility, closely bound to the
language by which it was stored in the
mind. In another set of experiments we



explored the way in which words are
stored and retrieved. The question was:
Are words perceived and then stored in
the memory as individual items or does
the process take place in terms of their
meanings?

Our experiment was based on a phe-
nomenon first studied in detail by Nan-
cy C. Waugh, a former colleague of mine
who is now at the Harvard Medical
School. She found that if a subject was
presented with a unilingual list of words,
some of which were repeated, his ability
to recall a given word was directly pro-
portional to the number of times it had
been repeated. If a subject is shown, say,
120 words one at a time for about a sec-
ond each, and if a few of the words are
repeated on the list, he is twice as likely
to recall a word presented four times as
one presented twice.

My colleagues and I wondered what
the result would be if a list were pre-
sented with some words appearing in
two languages. Taking as an example the
English word fold and its French transla-
tion pli, would a bilingual subject see-
ing each of them two or three times in a
long list of words presented singly recall
fold and pli according to the frequen-
cy with which each appeared or would
his recall reflect the frequency of occur-
rence of the common meaning of the two
words? An English-French list typical of
the ones we used appears in the top illus-
tration on the next page; the reader must
remember that the subject saw the words
one at a time and not in a complete
array as in the illustration. Among the
words that translate each other are fold
and pli and ten and dix; among the
words that are not translated are herd
and fonds (funds).

The results showed that the percent-
age of recall increased linearly with the
frequency of occurrence of meaning [see
bottom illustration on next page]. Pre-
senting fold twice and pli twice pro-
duces the same effect on the recall of ei-
ther word as presenting either one four
times. Since fold and pli neither look
alike nor sound alike, it cannot be the
words themselves that interact in per-
ception and memory. Our subjects did
not see and store the words individually
as visual or phonetic objects; they stored
them in terms of their meaning.

The implication is clear that the sub-
jects were able to code and store verbal
items in some form other than the lan-
guage in which the items appeared. A
further implication is that information
repeated in different languages (differ-
ent symbol systems) is as well retained
as information repeated in a single lan-

guage. The amount of information that
can be retained, however, is not in-
creased by using different symbol sys-
tems for storing it, but access to the in-
formation is increased.

To put the point more concretely, sup-
pose one wanted to give a student two
lessons in geography. If the student
knew two languages, he would retain as
much geography from one lesson in each
language as from two lessons in one of
them. Moreover, he would be able to
talk about geography readily in both lan-
guages. On the other hand, teaching him
geography in one language and also
teaching him a second language would
not necessarily enable him to express his
knowledge of geography in the second
language without some kind of addi-

tional instruction. The information one
has and the mechanisms or rules used to
acquire it are clearly separate aspects of
memory.

have so far described two aspects of

the use of verbal symbol systems: the
mental switching that characterizes the
successful use of different languages and
one of the ways language limits access
to information stored in the memory. A
third aspect involves the set of rules a
person learns for employing a language.
In some of our experiments we found
that such rules affect his linguistic per-
formance in subtle ways.

Earlier I described how our bilingual
subjects switched between their lan-
guages. Such switching is not always per-

INTRALINGUAL INTERLINGUAL
|
ENGLISH ENGLISH ENGLISH SPANISH
table dish table silla
boy girl boy nina
king queen king reina
house window house blanco
" | -
SPANISH SPANISH SPANISH ENGLISH
mesa silla | mesa chair
muchacho hombre I muchacho trousers
rey reina ‘ rey queen
casa madre ‘ casa mother

TYPICAL RESPONSES in a word-association test were given by a subject whose native
language was Spanish. He was asked to respond in Spanish to Spanish stimulus words, in
English to the same words in English and in each language to stimulus words in the other.

UNIQUE

SHARED

NATIVE

ENGLISH
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SUMMARY OF RESPONSES to interlingual word-association tests shows that more than
half of the responses were unique, that is, not shared between languages. For example, in
the upper illustration on this page the response blanco to house in the English-Spanish
test differed from the response window to house in the English-English test. In contrast,
silla was the response to both table and mesa and would be scored as a “native” response;
answers of reina and queen to king are translations and are scored as “shared” responses.
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ten nerve riz tique
herd truffe isthme preux
fold paste dix fouet
soul ice glace game
spout gust riz clash
fonds soul ame deux
jeu truffe fonds game
tain dix crook leaf
deux preux pli bulk
pli seing bonne golf
stub ten pli bonne
bonne nerf spout rampe
herd rampe golf seing
ame maid two gust
fold maid whip clash
tain jig pate two
fold truffe psaume whip
pli gust maid ame
gust preux leaf maid
bulk cook bonne rampe
fouet preux clash soul
fold bulk leaf tain
riz ice glace deux
riz jeu leaf golf
two juge whip fouet

STORAGE OF WORDS was tested with lists in which a subject saw, one at a time, words in
both his languages. Some were repeated in the same language, others in both languages by
means of translations; for example, ten and dix translate each other. Recall is improved by
repetition. The question was whether recall of translated words would reflect the frequency
with which their common meaning appeared or only the frequency with which the words
themselves appeared. The results showed that words are stored in terms of their meanings.
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PERCENT OF RECALL was essentially the same for words repeated in one language (col-

ored circles) and for words repeated as translations (black circles). Since most of the trans-

lations, such as snow and neige, do not resemble one another, the results show that the con-
cept is the decisive factor in recall and that two languages increase access to concepts.
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fect, particularly in the daily use of
language. Linguists use the word calque,
which is the French word for “imita-
tion,” to describe the interference of ohe
linguistic system with another. Examples
of calques appear in the semi-Germanic
sentences “Throw the baby out the win-
dow a bottle” and “Throw mama from
the train a kiss.” I have heard Hebrew-
speaking people (Israeli students in the
U.S.) inadvertently say “spoontea” for
“teaspoon” and “cuptea” for “teacup.”
(In Hebrew the adjective always follows
the noun.) Once I heard such a student
say “washdisher” for “dishwasher.” The
last example is of particular linguistic in-
terest because the Hebrew for “dish-
washer” translates literally as “washer-
dish”; the speaker, however, combined
the Hebrew word order with the English
sequence of syllables.

In sum, speakers of a language de-
velop linguistic habits, or characteristic
ways of ordering words. One effect of
these habits was revealed when our bi-
lingual subjects were asked to read aloud
linguistically mixed passages of the kind
described at the beginning of this article
[see illustration on page 80]. The rules
we had used for constructing the pas-
sages gave rise to many cases in which
the normal word order of English or
French was violated. Two examples in
the illustration are “made resound the
earth” and “une violente brise.”

Subjects reading the passages aloud
sometimes said “made the earth re-
sound” and “une brise violente.” Thus
they showed that their experience with
the normal syntactic forms affected their
way of speaking words presented visual-
ly. In effect, the students were producing
calques, but in a direction opposite to
the normal one. Usually a calque distorts
a verbal expression by applying a syn-
tactic form of one language to words in
another. In our experiment the subjects’
ingrained skills in using the rules of En-
glish and French induced them to rectify
word sequences that had been distorted
deliberately.

he various experiments I have de-
* scribed embody some significant im-
plications for both education and the
study of the mind. Education entails the
acquisition of information and the use
of mental skills. Languages, as I have
shown, can train one’s mind in the way
it orders and uses information. The phe-
nomenon of bilingualism enables us to
give people information or teach people
a skill in one language and find out if
the information or the skill can be ex-
pressed in another language. In this way
we can separate for study the mental
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Freeing Coatings for Examination

Sophisticated electrolytic techniques separate metallic coatings

from base steel for closer study. The result is a better understanding of

coating characteristics and product applications.

by Samuel M. Purdy, Research Supervisor

normous amounts of steel are

today being produced with

metallic coatings. The Youngs-

town Sheet and Tube Company

alone makes 700,000 tons of it each

year. Most of it goes into sheet steel,

which amounts to approximately

100,000,000 square feet of coated

steel, not counting steel used in elec-
troplating.

Coated steel has many uses. A com-
mon example is the so-called tin can,
actually made of tin coated steel. Gal-
vanized steel is familiar as roofing and
siding for farm and industrial build-
ings, such as the Quonset hut. The list
of uses is almost endless.

Newly created conditions demand
new varieties of coated steels. For
example, the high price of tin and the
political instability in tin-producing
countries have led to a search for safe
substitutes for tin plate in food con-
tainers. Cost conscious users of gal-
vanized steel have helped motivate the
development of varieties which don’t
need primer coats in painting.

New technological improvements
such as vapor deposition suggest new
methods of applying coatings to metals
— coatings heretofore impossible. A
thin film of Al, Ti or stainless steel on
steel now seems possible. Some of the
coatings now foreseen may be extraor-
dinarily thin.

These new coatings and processes
require new techniques for characteri-
zation of coatings. What will work for
tin plate will not work for vapor de-
posited Al or stainless steel. At the
same time, the effort to improve con-
ventional products requires a closer
look at today’s coatings. And that look
must be made from a different view-
point. That is, while properties like
color, reflectance and corrosion resist-
ance have been readily observed on
the coated steel itself, newer studies
show that more information can be ob-
tained after the coating has been sepa-
rated from the steel. This is especially
true of thin films made by electro-dep-
osition, or by the new vapor deposi-
tion techniques.

Properties to be seen through deeper
scrutiny include chemical composition,
grain size, micro structure, etc. But,
properties that make a good film, such
as tight adherence, make separation
difficult.

Because the coating can’t be peeled

from the steel, unless the coating was
faulty to begin with, and since chemi-
cally dissolving the coating defeats the
purpose, the steel must be taken away
trom the coating. This can be done by
taking advantage of chemical differ-
ences between coating and steel.

One such difference is the phenom-
enon called “passivation.” If a metal
specimen is the anode in an electro-
lytic cell, its corrosion rate is propor-
tional to the current flowing through
the cell. Most metals corrode faster as
the voltage is increased because more
current flows.

Some metals, like Fe and Cr, don’t
behave this way. At first, as voltage in-
creases, current increases. But at some
critical voltage, the current through the
cell drops suddenly to a low value. The
metal becomes passive and does not
corrode rapidly.

2 1700

g Active "/‘ Noble

2 600 Steel—»/ _—

E x ‘

= 500 \

= x

g y

c 400 / t '

= -

§ 300 \ v

5 200 x Stainless\ \

Q Steel

5 AT ¢

g 100 = + N ‘

=] + A

H o:;// o ¥ ) x
»w —6—4-2 0 +2 +4 +6 +8 +10 +12 +14

Specimen Potential in Volts

Fig. 1 Anodic Corrosion Behavior of Iron
and Stainless Steel

Youngstown @J Steel

THE YOUNGSTOWN SHEET AND TUBE COMPANY - YOUNGSTOWN, OHI0 44501

© 1968 SCIENTIFIC AMERICAN, INC

Plots of current vs. specimen po-
tential in IN H.SOs for steel and stain-
less steel are shown in the accompany-
ing graph. Specimen potential is mea-
sured on the anode, showing accurately
what is happening there without be-
coming entangled with cathode reac-
tions. Steel corrodes actively, i.e., there
is a large current flow at potentials up
to 4+ .2V. But above this value, up to
1.0V, there is an unstable region in
which the steel becomes passive. The
rate of passivation depends on how far
above + 2V the specimen potential is
set. The stainless steel coating shows a
similar behavior, but with a different
set of values well below those of steel.

Now we have the principle for a
technique to separate steel from a
stainless steel coating. The specimen is
made the anode in an electrolytic cell
containing 1IN H:SO:. When the anode
potential is set between — .1V and +
.3V, steel corrodes and stainless steel
becomes passive and is not attacked.

Interestingly, the technique reveals
poor adhesion. Poor films flaked off
readily across the specimen’s face when
the stainless face was electrolyzed, indi-
cating a relatively greater amount of
exposed Fe in the poor coating and im-
plying that the coating was porous.
Good specimens did not flake off, but
came off in sheets. Electron micro-
scopic examination showed that good
films were free of observable porosity
up to 100,000 X and that poor films
had numerous pores less than ¥ micron
(20 micro inches) in diameter.

Coatings produced by vacuum evap-
oration appear extremely fine grained.
Grain size for good coatings ran from
1400 down to 800 A mean diameter
and down to 500 A in one poor one.

The technique has been extended to
extremely thin (up to 1000 A thick)
coatings of electroplated Cr. The Cr
plates were extremely fine grained,
estimated at 100A mean diameter or
less. Diffraction patterns showed a pre-
ferred orientation in that the (110)
plane was parallel to the substrate sur-
face but that the direction varied from
place to place. The Cr plate showed
no obvious pores up to 100,000 X.

The work in the development of
these techniques has been only a small
part of the constant research at
Youngstown. If you believe Youngs-
town can help you, call at your con-
venience. Or, write Department 251D8.
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yontake
better pictures

when you see
things our way

Take this view of things with the
Minolta SR-T 101 and see how easy really
fine photography can be.

You sight, focus, set aperture and shut-
ter speeds—without ever taking your eye
from the viewfinder! You concentrate on
the picture, not on the controls. That's
one reason this is one of the world’s great
35mm reflex cameras.

Another reason: exposures are always
perfect. Unique “CLC” thru-the-lens light
measurement system automatically pre-
vents under-exposure of dark subjects.

The Minolta SR-T 101 accepts more
than 28 interchangeable Rokkor lenses
plus more than 100 accessories. Prices
start under $270 (plus case) with MC
Reckkor f/1.7 lens. With MC Rokkor f/1.4
lens, it's under $320 (plus case).

Ask your dealer to show you the view
from the top 35mm reflex camera. Or
write for free literature to Minolta Cor-
poration, 200 Park Avenue South, New
York, New York 10003.

Minolta
SR-T 101
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STANDING

YEPT OF. TRAFFIT

IMPORTANCE OF CONTEXT in understanding a language is indicated by a foreign visi-
tor’s reaction to a sign such as this one in New York. Not being an American motorist,
he thought the sign meant that he should sit on the curb while he waited for a bus.

processes used in acquiring or manipu-
lating information from the information
itself.

One example of the difference be-
tween mental skills and information is
found in mathematics. Nearly all our bi-
lingual subjects remarked during inter-
views that they did mathematical opera-
tions in the language in which they were
taught the operations. They could al-
ways tell us the results of their operations
in either language, and they could even
describe what operations they had per-
formed and how they had performed
them, but the operations could be per-
formed in only one way. Indeed, a bi-
lingual colleague once told me that, hav-
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ing moved from France to the U.S. at
the age of 12, he does his arithmetic in
French and his calculus in English.

The point to be made is that mental
activities and information learned in one
context are not necessarily available for
use in another. They often have to be
learned anew in the second context, al-
though perhaps with less time and effort.
The fact is, however, that relatively lit-
tle is known about how the activities of
the mind affect one another. The study
of bilingualism, being a study of the in-
teraction of symbol systems and the way
they affect one’s acquisition and use of
information, promises to provide valu-
able information on these questions.



To the thunder and flame of 160
million horsepower—and tension-
releasing ‘'go, go, go’’ cheers of
newsmen and officials—America’s
3,000-ton Apollo/Saturn moon
rocket lifted off a Cape Kennedy pad.
Its first flight was a spectacularly
successful culmination of years of

dedicated effort by thousands of
NASA and industry people. Apollo/
Saturn’s flight put the heaviest pay-
load yet into orbit, and was a signifi-
cant step toward the U.S. goal of a
manned lunar landing and return
by the end of this decade. The pro-
gram, creating new national techno-
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logical capabilities, involves intensive
continuing efforts. This year alone,
six test flights (four unmanned, two
manned) are scheduled. Boeing is a
major National Aeronautics & Space
Administration contractor, partici-
pating in building, integrating and
launchingApollo/Saturn moonrockets.

BOEING
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This mans job didn't exist
ten years ago.

What's he doing today at IBM?

IBM’s John Goodrich is probably the loftiest systems engineer in the
country. He works at the Climax Molybdenum Mine, located 12,000 feet
up in the Colorado Rockies.

His job—and thousands like it—is one of many new specialties that
owe their existence to the data processing industry’s remarkable growth
over the past ten years.

What kind of career is systems engineering? ‘A bit like being a doc-
tor,” Goodrich confesses. “You’ve got to diagnose your customer’s in-
formation problem, design a remedy—then make sure that it does the
job.

“Here at their mine, American Metal Climax had a big inventory
problem. To solve it, we've just installed a computer system to keep
track of the huge flow of materials needed to produce 43,000 tons of ore
every day. It takes everything from 10 tons of blasting powder to 35

tons of steel.

“Each customer has a different problem,” John Goodrich points
out. “But that’s what makes this an exciting career. You're never
bored when it’s your job to learn the ins and outs of many different

industries. From molybdenum mines to you name it.”

From a beginning little more than a decade ago, the computer

industry and its suppliers now employ hundreds of thousands

of people. John Goodrich’s career is only one example of the

new job opportunities that have sprung from this growth. The
future promises even greater opportunities.
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CHANNELING IN CRYSTALS

The recent discovery that a beam of chareged particles can pass
) ged p |

through a crystal lattice 1 certan directions with surprisin

o
o

ease 1s examined for 1ts theoretical and practical implications

stick model of a single crystal—the

basic architectural unit of most sol-
ids—you may have noticed that it is very
transparent in certain directions. Rotate
the model slowly and you will see com-
plex arrays of overlapping atoms give
way to symmetrical patterns in which
open “channels” alternate with planes or
straight columns of atoms.

As you might expect, when a beam of
ions, or charged particles, is aimed at a
real crystal in the direction of these
channels, the particles can penetrate
some distance into the crystal without
colliding with the atoms of the crystal.
It has been discovered only quite re-
cently, however, that such particles
travel much farther through the crystal
than simple ge()metric transparency can
explain. In the past few years the investi-
gation of this phenomenon, called chan-
neling, has provided physicists with a
new probe for studying the complex in-
teractions of corpuscular radiation with
matter. It is also opening the way for
some important technical innovations.
For example, channeling enables elec-
trical engineers to implant a desired im-
purity in a semiconducting crystal by
bombarding the crystal with a beam of
ions, causing a minimum of radiation

If you have ever toyed with a ball-and-

by Werner Brandt

damage to the crystal. In this way the
distribution of impurities can be con-
trolled in ways not possible with con-
ventional diffusion techniques.

rrlie concept of channeling was first

put forward in 1912 by Johannes
Stark of Germany. In a paper on the in-
teraction of accelerated hydrogen ions
(protons) with solid targets, he took into
account the existence of open channels
in crystalline solids and arrived at the
conclusion that ions striking such targets
from certain directions had a better
chance of penetrating deep into the tar-
get than they would in amorphous solids.

As it happened, Stark’s prediction co-
incided almost exactly with the discovery
of X-ray diffraction by another German
physicist, Max von Laue. The link be-
tween these two appr()aches was recog-
nized almost immediately by W. H.
Bragg of Britain, but the experimental
techniques of the day were inadequate
to demonstrate the feasibility of chan-
neling experiments. Years later Bragg’s
son and colleague W. L. Bragg recalled:
“In the summer of 1912 my father
showed me von Laue’s paper, which had
aroused his intense interest because of
his work on the exciting of cathode rays
by X rays, which pointed to the projec-

DEMONSTRATION of the effect of channeling on a beam of protons passing through a

crystal of silicon is given in the color photograph on the opposite page. The proton beam

was directed at the crystal along one of its open lattice directions. The energy of the beam
was adjusted so that the protons that were not channeled had just enough energy left after
passing through the crystal to penetrate the uppermost emulsion layer of the photograph-
ic film, turning it yellow. The protons that were channeled down the crystal planes, on the
other hand, lost less energy and were stopped at an intermediate emulsion layer, produc-
ing the four-pronged red star. The bluish-black dot at the center of the star corresponds
to the intersection of the open crystal planes and indicates that the protons moving ex-
actly along this channeling direction lost the least energy and therefore penetrated to the
lowest emulsion layers of the film. The demonstration is the work of Richard S. Nelson
and his colleagues at the Atomic Energy Research Establishment at Harwell in England.
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tile-like properties of X rays, and he dis-
cussed with me possible alternative ex-
planations for the effects which von
Laue had found. I undertook some ex-
periments at Leeds that summer to see
whether we could explain von Laue’s
spots by shooting of particles down ave-
nues in the crystal lattice rather than by
the diffraction of waves, experiments
which were of course abortive.” In the
wake of the triumphant progress of the
X-ray-diffraction technique in elucidat-
ing the atomic structure of solid matter,
Stark’s idea was swept aside and for-
gotten.

It was not until about 1950 that tech-
niques for studying the interactions of
charged particles with solids became re-
fined to the point where physicists be-
gan to speculate anew on the effect of
crystallinity on the path of a particle
moving through a solid. The current
spate of experiments on channeling phe-
nomena dates from 1963, when Mark T.
Robinson and Ordean S. Oen at the Oak
Ridge National Laboratory published
the results of an ingenious “computer
experiment” that dealt with the channel-
ing of energetic copper atoms through a
copper crystal. The crystal lattice was
simulated by feeding into the computer
the electric potentials of a properly
spaced array of copper atoms. The com-
puter was then instructed to calculate
the trajectories of the injected energetic
copper atoms as they moved through the
crystal. As expected, most of the atoms
(which had been started in random di-
rections) came to rest after a few hun-
dred collisions with the lattice atoms. In
some cases, however, they kept moving
as far as it was in the capacity of the
computer to follow them. The story is
told that the first sign of these mavericks
was the alarmingly large computing bill
presented by the Oak Ridge computer
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rections are those with the highest degree of symmetry. Actual
crystals are at least several hundred atoms thick. Hence their chan-
nels have the relative dimensions of the space between pages in a
book or the inside of a long, thin pipe (see illustration on page 94).

CHANNELING DIRECTIONS in a crystal coincide with the crys-
tallographic planes and their intersections. These drawings show a
bhall-and-stick model of a body-centered-cubic crystal lattice four
atoms thick in five different orientations. The best channeling di-
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center whenever certain initial directions
were specified for the atoms’ motion. On
analyzing this curious correlation the in-
vestigators found that the atoms that
penetrated farthest into the crystal were
those that moved in the open channels
between the dense columns of lattice
atoms.

Since 1963 channeling in crystals has
been the subject of intensive study. The
theory of channeling, developed mainly
by Jens Lindhard of the University of
Aarhus in Denmark, indicates that chan-
neling is a very general phenomenon,
and a number of experiments have been
performed to verify some of the detailed
predictions of this theory. Most of these
experiments have been done with ener-
getic heavy particles such as protons
or heavier ions. These particles are so
massive that the fact that they can also
behave as waves—in accordance with a
celebrated requirement of the quantum
theory of matter—is practically irrelevant
for their behavior in crystals. Only a few
experiments have been done so far with
light particles such as electrons and posi-
trons, for which quantum effects can
become an important factor. Here the
discussion will be confined to the chan-
neling of energetic heavy ions, where
quantum-mechanical qualifications are
unnecessary.

"I'he ball-and-stick model of a crystal

"~ lattice suggests that channeling is
nothing more than the straight flight of
particles through the atom-free regions
of the crystal. If such were the case, it is
a simple problem in geometry to show
that particles can penetrate the crystal
only if their angle of incidence with
respect to the channeling direction is
less than a certain critical angle that de-
creases as the thickness of the crystal in-
creases [see top illustration on page 96].
At angles larger than this critical an-
gle the particles would collide with the
lattice atoms and hence be scattered out
of the straight channeling path. In short,
the simple transparency model predicts
that the critical angle for channeling
through a crystal is inversely propor-
tional to the thickness of the target and
is independent of the energy of the mov-
ing particle.

Actually the apparent openness of the
crystal model is deceptive. Whereas a
typical model may be three or four atoms
thick, the thinnest single crystal that can
be prepared in the laboratory is hun-
dreds of atoms thick. Under these cir-
cumstances the critical angle for chan-
neling would be only about .01 degree
or less. Because it is difficult to collimate
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RESULTS OF COMPUTER EXPERIMENT conducted by Lewis T. Chadderton at the
University of Cambridge showed that the particles traveling farthest in a crystal channel
are those that start at the smallest angle with respect to the axis of the channel. The exper-
iment simulated the channeling of low-energy lead ions in a lead-iodide crystal lattice.

and aim a particle beam to such rigorous
specifications, one would expect chan-
neling to be an extremely elusive phe-
nomenon in a thin crystal and almost
impossible to detect in a thick one.
And yet channeling turns out to be
a fairly rugged phenomenon. It is readily
observed in both thin and thick crystals.
One of the earliest experiments proving
this was done in 1963 by Richard S. Nel-
son and Michael W. Thompson of the
Atomic Energy Research Establishment
at Harwell in England. They directed a
beam of energetic protons at a gold foil
roughly 1,000 atoms thick—just thick
enough so that if the gold had not been
in the form of a single crystal, it would
have stopped nearly all the incoming
particles [see illustrations on page 95].
The protons that penetrated the foil
could be picked up as a transmitted cur-
rent by a collecting electrode. The crys-
tal was rotated around an axis perpen-
dicular to its surface, causing different
crystal orientations to coincide succes-
sively with the direction of the incoming
beam. The experimental record of the
transmitted current showed that when-
ever the particle beam penetrated the
crystal along a direction of high sym-
metry (even with an angular beam width
much larger than .01 degree), the parti-
cles moved freely through it and were
detected by the collector electrode.

© 1968 SCIENTIFIC AMERICAN, INC

Clearly another model is necessary to
explain channeling. The transparency
model breaks down because particles
and atoms do not act like hard spheres.
Instead, when a positively charged par-
ticle approaches the nucleus of an atom
in the rows that define a channel, it is
repelled by electrostatic forces and bent
back toward the axis of the channel. The
closer the particle comes to the nucleus,
the stronger the repulsion. If a particle’s
trajectory deviates only slightly from the
channel axis, it is nudged back toward
the axis, whereas if it deviates strongly,
it is slammed back. In short, a charged
particle moves in a crystal lattice not like
a ball in a pinball machine but rather
like a bobsled on its walled track. As long
as the angle between the path of the sled
and the axis of the track is small enough,
the sled stays on the track by climbing
the walls and rebounding. A particle sim-
ilarly channels its way through a crystal
in a wavy motion consisting of a succes-
sion of oblique ricochets.

If the angle between the particle and
the axis becomes too large, the particle
will leave the channel. The angle at
which this occurs depends not on the
length of the channel (that is, on the
thickness of the crystal) but rather on
the particle’s energy and on the electro-
static potential of the rows of atoms. Cal-
culations based on this model show the
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critical angle for channeling to be about
a degree—a much more reasonable result
than the one derived from the transpar-
ency model. A particle with low kinetic
energy does not cross over from one
channel to another, because it cannot
overcome the potential wall set up by
the atoms comprising a row. It is forced
to make its way along one channel. A
high-energy particle, on the other hand,
can overcome this potential barrier and
is free to roam from one channel to an-
other as it moves forward.

The way particles move through crys-

tals also depends on their size. If the par-
ticles are small compared with the cross
section of the channel (for instance if
they are protons or alpha particles), they
move on an essentially flat channel “bot-
tom,” rattling back and forth like steel
balls in a chute. On the other hand, if
the size of the particles is comparable to
the size of the channel width (for in-
stance if they are slow copper atoms
moving in a copper crystal), they swing
to and fro between the channel walls like
a pendulum. During each lateral oscilla-
tion the particle would move down the

channel approximately 100 atomic dis-
tances. ‘

If particles can be eased through a
crystal in channels, it follows that in oth-
er directions they must be blocked by the
atoms that form the walls of the chan-
nels. Furthermore, if an atom of the crys-
tal lattice is set in motion by a collision
with an incoming particle, it is always
barred from flying off in the direction of
the row from which it starts, because the
atoms that form the row are in the way.
This complementary phenomenon to
channeling, called blocking, has been

POINT-BLANK VIEW down the axis of a channel in a diamond-
like crystal lattice shows the spiral path followed by a typical chan-
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neling particle. The distance covered by the particle in one turn
of the spiral path is on the order of 100 interatomic distances.



used to study the structure of crystals
by shooting beams of particles at the
crystals and then recording on a photo-
graphic plate the pattern produced by
the emerging particles [see illustration
on page 98]. Such pictures resemble
those obtained in X-ray analysis of crys-
tal structures. Indeed, if Stark’s idea had
been proposed a little earlier and pur-
sued vigorously, the channeling and
blocking of charged particles might well
have given the first direct experimental
proof of atomic order in crystals.

1710“7 can one test the mechanism that

has just been described to explain
channeling? Imagine the atomic land-
scape a channeling particle encounters
in making its way through a crystal.
Each atom is composed of a heavy nu-
cleus located at a lattice site, with elec-
trons arranged in shells around it. The
electron density decreases sharply from
the nucleus outward, and it is lowest at
the midpoint between adjacent atoms.
Only the outermost electron shell—the
valence shell-is engaged strongly in
binding the crystal together. In some in-
stances the binding distorts the valence
shell so completely that the valence
electrons can no longer be identified
with any one atom. Instead they belong
to the entire crystal, and they can roam
freely through it. In metals such itiner-
ant valence electrons are called conduc-
tion electrons; they are free to carry a
current under an applied voltage. The
stability of a channeling trajectory de-
pends on the depth to which the mov-
ing particles penetrate the electron-shell
structure of the lattice atoms.

Consider a series of experiments in
which we shoot particles into a crystal
along some channeling direction with an
ever increasing angle of incidence be-
tween the beam and the axes of the
channels. We can then distinguish three
ranges of particle-crystal interaction: (1)
at angles that are small compared with
the critical angle the particles encounter
mainly valence electrons, (2) at inter-
mediate angles the particles penetrate
the inner electron shells of the crystal
atoms in the course of their wavy motion
in a channel and (3) at angles approach-
ing the critical angle the particles can
make contact with the nuclei of the crys-
tal atoms [see bottom illustration on next
two pages].

Particles that move down the center
of a channel at small angles to the chan-
neling axis plow through regions of the
lowest mean electron density in the crys-
tal, and therefore their loss of kinetic
energy to excitation of the crystal elec-

PROTON BEAM
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EARLY CHANNELING EXPERIMENT, performed at Harwell in 1963, demonstrated that
channeling is fairly easy to observe in thin crystals. A beam of protons was directed at a
gold foil about 1,000 atoms thick—just thick enough so that if the gold had not been in the
form of a single crystal, it would have stopped nearly all the incoming particles. Protons
that penetrated the foil could be detected as a transmitted current picked up by a collecting
electrode. The crystal was rotated around an axis perpendicular to its surface, causing dif-
ferent crystal orientations to coincide successively with the direction of the incoming beam.

-

TRANSMITTED CURRENT (MILLIAMPERES)
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RESULTS of the experiment depicted at top showed that whenever the protons penetrated

the crystal along a direction of high symmetry (peaks in curve), most were transmitted.
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CHANNEL AXIS

CRITICAL

trons is at a minimum. They can cover
long ranges before being stopped.

The first direct evidence of the low
energy loss associated with this first
range of small angles came in 1964 from
experiments conducted by Geoffrey
Dearnaley at Harwell. At the time
Dearnaley was engaged in investigating
solid-state devices for detecting particle
beams. Usually such detectors consist
of a crystal of silicon or germanium act-
ing as a diode in an applied electric
field. Whenever a swift charged particle
penetrates the detector, an electrical
pulse is counted in the associated elec-
tronic equipment. For such detectors to
work reliably they must produce a pulse
of a specific magnitude for each particle
of the same type and energy. Dearnaley
foresaw the possibility that if some par-
ticles were to channel through the detec-
tor, they would probe only the lowest
electron density in the crystal and would
not produce as much electronic exci-
tation as unchanneled particles; they
would give rise to anomalously small
pulses open to erroneous interpretation.
He directed a beam of energetic protons
into very thin single crystals of silicon in
an experiment much like the one per-
formed by Nelson and Thompson. Anal-

TRANSPARENCY MODEL predicts that the critical angle (the
largest angle between the trajectory of the particle and the axis of
the channel at which channeling can occur) is inversely propor-
tional to the length of the channel. For the thinnest crystal that can

ysis of the energies of the transmitted
protons showed that they lost less en-
ergy when the beam direction coincided
with an open crystal direction.

Later work by Cavid Erginsoy and
his colleagues at the Brookhaven Na-
tional Laboratory and researchers at oth-
er institutions confirmed quantitatively
that the energy loss of channeled parti-
cles reaches a minimum when the angle
of incidence approaches zero. Inciden-
tally, now that channeling is recognized
as a potential source of error in solid-
state counters, it can be avoided by ori-
enting the open crystal directions out of
the acceptance angle of the counter.

If one works with a thick crystal as a
target, one would expect to find the
channeled particles at much Jonger
ranges, or depths of penetration, than
the rest of the particles. This effect can
be demonstrated and traced in detail by
shooting radioactive atoms into a crys-
tal along the channeling directions. After
irradiation the crystal is gently peeled
away layer by layer, and the decrease of
the radioactivity remaining in it is mea-
sured. This is not an easy task, since
heavy ions often do not penetrate much
deeper than from about 100 to 1,000
layers of atoms. The “profile” of the em-

be prepared in the laboratory the critical angle would then be only
about .01 degree, which would make channeling an extremely dif-
ficult phenomenon to detect even in a thin crystal. And yet channel-
ing turns out to be easy to observe in both thin and thick crystals.

bedded ions can be resolved only if each
peeling step does not remove more than,
say, 10 atomic layers, or a thickness of
20 angstrom units. So far two methods
have been devised to accomplish this
remarkable feat.

rl1 he first method, developed by John A.
Davies at the Canadian Government
Research Establishment at Chalk River,
Ont., uses the electrolytic oxidation of
aluminum in a weakly basic solution. If
the solution is maintained at a constant
temperature, the thickness of the oxide
layer at the surface of the aluminum
crystal is dependent only on the applied
voltage; the depth of the layer ranges
from about 20 angstroms at a few volts
to a few hundred angstroms at several
hundred volts. After a layer of known
thickness is formed, it is dissolved away
by a judiciously selected solvent that
does not attack the rest of the crystal.
The radioactivity in the dissolved layer
or the radioactivity remaining in the
crystal, or both, are measured and then
the next layer is removed. Although the
electrolytic peeling method has been ex-
tended to several metals and semicon-
ductors, its application is limited by its
exacting chemical requirements.

REVISED MODEL of channeling takes into account the fact that
particles and atoms do not act like hard spheres. Instead, when a
positively charged particle approaches the nucleus of an atom in
the crystal lattice, it is repelled by electrostatic forces and bent
back toward the axis of the channel. Around each nucleus electrons
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are arranged in shells, with the electron density decreasing sharply
from the nucleus outward and reaching a minimum at the midpoint
between the atoms. Electrons in the outermost electron shell (the
valence shell) interact to bind the crystal together. In channeling
one can distinguish three ranges of particle-crystal interaction:



The second peeling methed, devel-
oped by Rudolf Sizmann of the Univer-
sity of Munich, relies on the erosion of
the crystal by the impact of ions with
energies so low that, aldhough they
“sputter” the target material away, they
do not penetrate far enough to disturb
the outcome of the medsurement. The
sputtering method has the advantage of
not being Imited to selectcd materials
or to definite temperature ranges.

Both methods reveal in detail how
particles penetrate deeper along open
crystal directions than in a mulderysial-
line or noncrystalline target of the same
average densicy. Until very recently all
channeling profiles were measured by
peeling the target at room {emperature.
In scme instances “supertails” were
fourd in the profile, indica.ing that a
small percentage of all channeled parti-
cles move into the crystal much farther
than is consistent with any conventional
theoretical estimate. Since then experi-
mental evidence has made it plausible
that the supertails occur not because of
some new low-loss penetration mecha-
nism specific to channeling but as a re-
sult of the rapid diffusion of particles
in channels. This diffusion proceeds with
ease at, or even somewhat below, room
temperature. Supertails can be sup-
pressed completely by keeping the tar-
get at a very low temperature during
irradiation and peeling.

The results of various other experi-
ments are consistent with these findings.
For example, the reflection, or backscat-
tering, of ions from a single crystal is
minimal along the channel directions,
because here the particles plunge into
the target rather than bouncing back.
Similarly, radioactive atoms deposited
in a target crystal emit their decay prod-
ucts with equal probability in all direc-
tions, but these products emerge freely
only along the channeling directions and

are blocked in other directions. And of
course the damage normally inflicted on
a crystal by energetic particles knocking
against its atoms is reduced if the parti-
cles impinge along open crystal direc-
tions.

These experiments have pointed to a
number of promising practical applica-
tions of channeling. The blocking pat-
tern produced by a beam of protons im-
pinging on a single crystal pr()vides one
of the most direct methods for orienting
crystals with high accuracy. If defects
or impurities distort a channel, some
of the impinging particles are backscat-
tered and can be detected. In this way,
one can analyze with good resolution the
nature and distribution of crystal im-
perfections near the surface.

Channeling is becoming important for
opening up the vast and still mysterious
trontier of surface physics. As a corol-
lary, channeling affects the technique
of impurity implantation in solids by
ion bembardment. Pure semiconductors
must normally be “doped” with traces of
other elements to endow them with
desirable electronic properties. Conven-
tional doping by diffusion is restricted
by the solubility of the trace element in
the semiconductor material. If the ma-
terial is bombarded with energetic ions
of the trace element, the ions usually stay
lodged in it. With ion bombardment one
can implant in the surface layers of a
semiconductor whole patterns of trace
elements simply by deflecting the ion
beam or by shadowing and masking the
surface as one does in the fabrication of
microelectronic circuits. Moreover,
can combine such techniques with pro-
grammed changes in the energy and
composition of the ion beam so as to
dope materials in new ways by implant-
ing the impurities with unusual depth
profiles. Channeling promises to become
an important variation on this theme,

one

since ions can penetrate deep enough
for this purpose along channeling direc-
tions, even at comparatively low ener-
gies, thus reducing radiation damage to
the target crystal during implantation.

In the second range of incident angles

—the intermediate one—the particles
start piercing the atomic shell structure
beyond the valence electrons as the turn-
ing points in their trajectories appr()ach
the channel walls more closely. In pass-
ing through a given shell they can knock
an electron out of the shell, leaving a
hole in the electronic structure of the
atom. The atom reacts by rearranging
electrons until an electron falls into the
hole to fill the shell. In so doing the atcm
emits a quantum of X radiation with
an energy characteristic of the shell in
which the hole was created. The X ray
can then be detected and its energy mea-
sured. In this way the passage of parti-
cles through different atomic shells along
channeling trajectories can be traced by
correlating the characteristic X-ray yield
with the angle of incidence. When parti-
cles are close to the channel axes and
therefore do not encounter the inner
shells of target atoms, X-ray production
should be at a minimum. As the angle of
incidence increases, the X-ray produc-
tion should increase accordingly. In fact,
X-ray production should provide a ver-
satile method for studying channeling
conditions, since energetic particles ex-
cite characteristic X rays over a wide
range of particle velocities.

Only 10 days after I had developed
these notions at New York University,
this effect was found and measured with
protons in aluminum and copper crystals,
thanks to the expert collaboration of
Jhan Kahn and his experimental group
at the University of California’s Law-
rence Radiation Laboratory. Along the
channeling direction the X-ray yield can
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(1) at angles small compared with the critical angle the particles
encounter mainly valence electrons, (2) at intermediate angles the
particles penetrate the inner electron shells of the atoms and (3)
at angles approaching the critical angle the particles can make con-
tact with the nuclei of the crystal atoms. Light and X rays can be
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produced by the particle-crystal interactions that take place in
ranges 1 and 2, whereas gamma rays can be produced as a result of
the nuclear reactions that take place in range 3. These radiations
can be analyzed for incident particles at various energies to de-
termine the channeling conditions at different depths in the crystal.
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BLOCKING of charged particles by the atoms that form the walls
of the channels can be used to study the structure of a crystal by re-
cording on a photographic plate the pattern produced by the emerg-
ing particles. In the photograph at left, made by A. F. Tulinov of
the Institute of Nuclear Physics of the University of Moscow, the
shadows cast by the blocking of a beam of energetic protons cor-
respond to the columns and planes of atoms in a single crystal of
tungsten. In this experiment the beam entered the crystal in a non-

channeling direction and the angular distribution of the backscat-
tered protons was recorded on a plate parallel to the surface of
the crystal. The spot at center is the shadow of the columns of
atoms that are at right angles to the plate. The drawing at right
shows the geometric projection of a tungsten-like body-centered-
cubic lattice on a plane parallel to its surface. The diameter of the
dots and the thickness of the lines represent roughly the density
of atoms in the corresponding columns and planes of the crystal.

drop by as much as 80 percent from the
normal yield of polycrystalline targets.
It rises sharply within a few degrees of
the channeling direction. Since then this
method has provided very detailed in-
formation on the channeling process in
aluminum and copper.

As the funneling angle enters the
third range—the critical one—the incom-
ing particles begin to collide with the
nuclei of the crystal atoms and nuclear
reactions become possible. In particular,
gamma rays can be elicited from nuclei
by protons passing them at definite “res-
onance” energies. This was first demon-
strated in 1964 by Karl Ove Nielsen and
his colleagues at Aarhus. Working with
protons in aluminum and silicon crystals,
they observed a drastic reduction in the
yield of gamma radiation from nuclear
reactions along channeling directions,
and « rapid increase as the angle of in-
cidence approached the critical angle.
Similar but less pronounced effects have
been observed with nuclear reactions in
which neutrons are emitted. An interest-
ing aspect of the Aarhus experiment was
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the exploitation of the fact that the gam-
ma rays are emitted only when the pro-
tons have a distinct resonance energy.
By gradually increasing the energy of
the bombarding particles above this res-
onance level, the channeling conditions
could be studied at various depths where
the protons were just coming into res-
onance. It turns out that as the energy
is increased the gamma-ray yield in the
channeling direction rises. What this
means is that the protons are scattered
out of the beam everywhere along the
channel and in the process come close
enough to nuclei to produce nuclear-
resonance radiation. This attenuation of
the channeled beam can be caused by
imperfections in the crystal lattice or by
thermal vibrations of the atoms in the
lattice, which change the dimensions of
the channel at random. The possibility
of detecting such subtle crystal proper-
ties is drawing attention to channeling
as a means of gaining new insights into
the solid state. ’
Many sophisticated channeling exper-
iments have now been performed with a
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wide range of crystals and with various
particles at different energies. All these
experiments support the view that chan-
neling results from the correlated deflec-
tions of the particles in the electrostatic-
force field of the orderly array of atoms
in the crystals. It appears, after only a
scant four years, that the exciting first
phase of discovery is drawing to a close.
Ahead lies the careful quantitative map-
ping of all possible forms of channeling
and the clarification of poorly under-
stood details.

r]‘he advent of nuclear technology has

“ made the study of the interaction of
corpuscular radiation with matter an im-
portant part of materials research. The
somewhat belated appearance of chan-
neling is certain to deepen our under-
standing of the solid state and of the
processes that can be induced by radia-
tion. Channeling promises to be a useful
tool in many areas of physics and tech-
nology, but it is still too early to say
where it will foster the most important
advances.
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BOAC wants

confirmation in print

of every passenger
reservation made anywhere
in the world. Right now.

Easy, when you
ask Kleinschmidt.

Kleinschmidt is the language
of modern telecommunications.

Home offices talk todivision
headquarters. Computers talk to
production control. And in the case
of BOAC, Kleinschmidt data
printers in ticket offices provide
passengers with fast, convenient
flight reservations and confirmation.

Working in communications systems
like BOAC's, the Kleinschmidt 311™*
Data Printer ““talks’” with
unbelievable speed and simplicity.

It prints-out up to four times as fast
as most other teleprinters. Operates
with far fewer moving parts and far
more reliability. Qutperforms all
competition.

And like other Kleinschmidt data
printers, the 311 is compatible with
telecommunications equipment of
all makes. It can fit directly into the
system you now have, or the one you
are having designed for you.

Of course, Kleinschmidt is a language
most original systems manufacturers
already understand.

But we're always glad to repeat
the message.




These traces were made by a new instrument that is
helping man measure the sound of our technological
world. It hears sounds subjectively, in the same way as
the human ear. Analyzes them. And displays them. It is
the new Hewlett-Packard loudness analyzer, the first defi-
nitive tool of its kind for use in the acoustics laboratory
or in noise analysis.

The Problem of Noise: It would be a far more pleasant
world if we could reduce or at least control the noise
around us. Noise of traffic, vacuum cleaners, typewriters,
production machinery, aircraft. In addition to affecting
our comfort, noise decreases human efficiency, costing
business and industry millions of dollars each year in
lost production.

The best instrument to date to measure noise was the
human ear. But even the trained ear could have a bad
day. Or it might not perceive some sounds as noise
because of its psychological conditioning. So Hewlett-
Packard engineers developed a loudness analyzer to
simulate sound perception by the ear—quickly, accu-
rately, reproducibly, without bias.

An Electronic Ear: The Hewlett-Packard 8051A Loud-
ness Analyzer follows the Zwicker method of analysis,
which parallels the response of the human ear and which
has been standardized by the International Organization
for Standardization (ISO Recommendation 532). The
traces at the right are Zwicker diagrams produced in
milliseconds on the CRT display of the 8051 A Analyzer.
Had they been made a year ago, each would have taken
hours of manual effort with recorders, filters, detectors
and graphs.

Every 25 milliseconds the analyzer breaks sound up into
20 channels of ¥3 octave or its multiples. It registers the
intensity in each channel and displays the spectrum in the
form of a Zwicker diagram. Total loudness is registered
on a meter in sones, a unit proportional to the loudness
sensation perceived by the ear.

If your ear

could draw pictures
of sound,

this is what

they would look like:

Analyzing Sound: Since the ear hears sounds at the same
or closely adjacent frequencies in an “either/or”” fashion
—that is, with the louder masking the lesser—the loud-
ness analyzer allows for this effect. The instrument can
be set to monitor continuously, or to catch a peak sound,
like the crack of a rifle. It can measure, with proper
weighting, diffuse sounds from all around a machine—
or the frontal noise of a single impact. The display can
be stored for photographs, or the analyzer will drive an
X-Y recorder.

Four ranges of sensitivity permit the recording of intensi-
ties from 1 to 400 sones—the range from a quiet room
to noises loud enough to damage the ear. With a frequency
range from 45 hertz to 14 kilohertz, the graphic display
allows a quantitative analysis of the contribution of each
frequency band to the overall loudness, often indicating
instantly the disturbing content of a particular sound.

A New Advantage: The new Hewlett-Packard loudness
analyzer reduces to seconds what formerly required a
technician hours of recording, analyzing and plotting. Yet
it is both portable and rugged. Engineers and scientists
in industry, the laboratory or government can now ana-
lyze quickly and accurately any sound or group of sounds.

In the Model 805 1A Loudness Analyzer, priced at $5500,
Hewlett-Packard offers a new tool contributing to the
advance of acoustics technology. It focuses Hewlett-
Packard’s experience in electronic, medical and analyt-
ical instrumentation on a scientific field of increasing
importance. It is one of more than 1500 Hewlett-
Packard instruments, supported by 107 professionally
staffed sales and service offices throughout the free world
offering help in applications, installation and mainte-
nance.

More information on the Hewlett-Packard loudness ana-
lyzer is available in the HP Journal, November, 1967,
Vol. 19, No. 3. A copy is yours by writing Hewlett-
Packard, Palo Alto, California 94304 ; Europe: 54 Route
des Acacias, Geneva.

HEWLETT \hp, PACKARD

00746
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Measuring instruments

for science and industry

© 1968 SCIENTIFIC AMERICAN, INC



i
Tl

-

3 45 7 9 )

L

Y 0 5@ Tk 2

7
]
5
4

45 7 w0

—— e — e —— e s
i

21 0507 1kHzis 2 3

o

|

|
|

© 1968 SCIENTIFIC AMERICAN, INC



© 1968 SCIENTIFIC AMERICAN, INC



PULSE-CODE MODULATION

The growth of communications traffic has enhanced the attractiveness

of this method, which converts messages into binary digits that can

then be transmitted in the form of Closely spaced clectrical pulses

his year marks the 20th anniver-
I sary of two events that have deep-
ly transformed the theory and
practice of electrical communication.
The first was the publication of a paper
by Claude E. Shannon titled “A Mathe-
matical Theory of Communication”; the
second was the invention of the tran-
sistor by John Bardeen, Walter H. Brat-
tain and William Shockley. The effect
of Shannon’s theoretical paper on the
one hand and the solid-state device on
the other was to focus the attention of
communication engineers on the conve-
nience of transmitting messages in the
form of closely spaced pulses rather than
in the form of continuous waves that
vary in amplitude or frequency. The re-
sult was the rapid development of pulse-
code modulation (PCM), a concept then
some 10 years old, as a rival to amplitude
modulation (AM) and frequency modu-
lation (FM). An important stimulus was
a second paper written in 1948 by Shan-
non, in collaboration with Bernard M.
Oliver and John R. Pierce, called “The
Philosophy of PCM.”

The philosophy, in brief, is that mes-
sages of various kinds—speech, television
pictures, instrument readings and col-
umns of figures—can be expeditiously
transmitted through a general-purpose
communication network, such as the

by 1. 5. Mayo

telephone system, if they are first con-
verted to digital form. In digital com-
munication, information is transmitted in
the form of a sequence of numbers. The
numbers (called code words) are repre-
sented by electrical pulses (called pulse
codes). Code words are usually expressed
as binary numbers, that is, as a sequence
of 0’s and 1’s, the same language used in
modern computers. Although other num-
ber systems are sometimes used, binary
digits have the advantage in that they
can be expressed simply by the presence
or absence of an electrical pulse. The
transistor and similar devices are admi-
rably suited to a binary communication
system because they can be rapidly
switched from being fully conducting to
being fully nonconducting,

[n spite of the rapid growth of comput-

er networks, the great bulk of com-
munications traffic still consists of speech
and television pictures, both of which
originate as analogue signals. This means
that the signal information is represented
by continuous fluctuations of electric
voltage or current. To convert an ana-
logue signal into a digital one a device
called a pulse-code modulator is used to
sample and measure the analogue signal
voltage at frequent intervals and to as-
sign each sample a numerical value. A

QUALITY OF TELEVISION PICTURES encoded by pulse-code modulation (PCM) im-
proves as one increases the number of digits in the binary number used to express the am-
plitude of a sample of the analogue signal that represents the picture. In the sequence of
black-and-white and color television pictures on the opposite page the pair at top were
made with two binary digits per sample; the succeeding pairs were made with three digits
(second from top), four digits (third from top) and five digits (bottom). A two-digit code
is capable of specifying four different voltage levels, which control the energy of the elec-
tron beam used to “paint” the picture; a three-digit code specifies eight levels, a four-digit
code 16 levels and a five-digit code 32 levels. In each case some of the available levels are not
visible because they are used for the synchronizing part of the signal. The effect of using too
few digits is “contouring” in black-and-white television and “snow” in color television.

© 1968 SCIENTIFIC AMERICAN, INC

simple mathematical theory assures us
that no information is lost if the analogue
signal is sampled at a rate that is at least
twice the highest frequency component
in the signal. This means that voice sig-
nals must be sampled and measured
about 10,000 times a second and televi-
sion signals about 10 million times a
second.

As in every measuring operation, one
must decide how precise to make each
measurement. A certain amount of
rounding off is inevitable. For instance, a
sample value of 3.215 volts might be en-
coded as the binary number equivalent
to 3.2. The remainder, .015 volt, is the
quantizing error. In encoding speech or
television pictures one must determine
expel’imexltally how many binary digits
must be used in the code words so that
the noise due to quantizing error cannot
be detected by the listener or viewer, or
at least does not add appreciably to the
noise already present in the analogue sig-
nal. High-quality transmission can usu-
ally be achieved with about seven bi-
nary digits, corresponding to 128 distinct
levels. It is also found when encoding
speech with seven digits that there
should be a nonuniform relation between
the sample value and the binary number.
The desired relation is approximately
logarithmic. This allows faint speech to
activate an appreciable number of pulses
and prevents loud speech from overload-
ing the pulse-code modulator.

When black-and-white television is
transmitted by PCM, the use of too few
digits per sample results in appreciable
contouring [see illustration on opposite
pagel. This happens because there can
only be as many shades of gray in the
picture as the binary code word can
specify. Thus a two-bit code can specify
only four levels and a three-bit code only
eight levels. However, when codes reach
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PCM SYSTEM consists of a pulse-code modulator, which converts
an analogue signal into a stream of digits, a transmission facility,

five bits (32 levels) and six bits (64 lev-
els), the eye is fooled into seeing a nearly
continuous gradation of tones. In color
television the signal voltage at any in-
stant is related to color as well as to
brightness; therefore the use of too few
digits does not result in simple contour-
ing but instead produces a noisy picture,
that is, one marred by “snow.”

In a PCM system the pulse-code mcd-
ulator converts an analogue signal whose
bandwidth is W cycles per second into a
stream containing 2mW pulses per sec-
ond, where m is the number of pulses per
code word. Since high-quality speech
and television recquire m to be about 7,
the pulse rate (in pulses per second)
needed to transmit such signals is 14
times the original signal bandwidth (in
cycles per second). The bandwidth re-
quired to transmit 2mW pulses per sec-
ond can theoretically be as low as m\W
cycles per second, but under practical
conditions it is about 2mW cycles per
second. Thus PCM requires about 2m
times as much bandwidth as the original
analogue signal. Conventional modula-
tion schemes (AM and FM) do not usu-
ally need as much bandwidth as PCM.
As we shall see, however, digital trans-
mission has advantages in many applica-
tions that more than offset the band-
width penalty.

When the binary numbers of a PCM
signal arrive at the receiver, they must
be converted to their original analogue
form. This is readily accomplished by
passing the train of pulses through an
electrical filter. The filter transmits the
low frequencies (those that are less than
half the sampling frequency) but prac-
tically eliminates the high frequencies.
The low-frequency content of the pulse
train is, except for small quantizing er-
rors, essentially identical with the origi-
nal signal that was fed into the pulse-
code modulator.

One may ask: If PCM is so straight-

forward and simple in concept, why
is it considered new? Why was it not
widely applied long ago? The idea of
transmitting analogue signals in pulse
form is indeed not new: several early
patents embody one or more of the basic
concepts. These concepts were not easy

104

n

|

DIGITAL TRANSMISSION

to reduce to practice, however, until
rather advanced vacuum tubes were
available. The recognized “father” of
PCM is A. H. Reeves, whose basic pulse-
coding patent was issued in 1938. It was
Reeves who pulled the concepts to-
gether and first produced drawings that
showed the fundamental features of a
complete PCM system.

Although a successful PCM system
was built for the military in World War
II, it had severe limitations that made
it unattractive for commercial purposes.
These limitations were almost wholly as-
sociated with the use of vacuum tubes,
which are too big, consume too much
power and are too prone to fail to be
used in large numbers. Moreover, vacu-
um tubes tend to be good amplifying de-
vices but not good switching devices. A
PCM system requires switching devices
that can be turned on and off very rapid-
ly. This is precisely the same require-
ment presented by the electronic com-
puter. Designers of both PCM systems
and computers found the device they
needed in 1948, with the invention of
the transistor. That same year Shannon’s
work on information theory made it pos-
sible to assign quantitative values to the
merits of PCM systems, thereby con-
firming intuitive and qualitative evalua-
tions.

By 1955 serious development of PCNI
for widespread commercial use was un-
der way. Preliminary models of PCM
systems for telephone communication
were tested in 1958 and commercial op-
eration of production systems began in
1962. The first large-scale application of
PCM was used to transmit 24 simultane-
ous telephone conversations over a pair
of telephone wires. This system is now
widely installed in the U.S. with the re-
sult that millions of people have heard
speech transmitted by PCM without
being aware of it. Recently PCM tele-
phone systems have been introduced in
Europe and Japan. Work is continuing
in the US. and abroad on more ad-
vanced systems, particularly systems of
much higher capacity that simultane-
ously transmit thousands of telephone
conversations, or their equivalent, over
a single communication channel.

Existing PCM systems generally use
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which delivers the digits to the receiver, and a pulse-code demodu-
lator, which converts the digits back into an analogue signal.

pairs of wires in a regular telephone
cable, which contains up to 900 pairs.
These wire pairs attenuate the digi-
tal signal so severely that transmission
would be limited to very short distances
if amplifying devices (called repeaters)
were not located at intervals along the
cable to restore the signal strength. The
repeaters are placed either underground
or on telephone poles. Because they must
be installed every 6,000 feet one can ap-
preciate the importance of small size,
low power consumption and high reli-
ability. Transistor technology has made
such PCM systems possible.

The fundamental advantage of PCM
over analogue transmission for telephony
arises directly from the nature of the re-
peater. In conventional AM systems the
repeater is really nothing more than a
high-quality amplifier. It therefore am-
plifies noise of all kinds along with the
signal proper. Sources of noise include
extraneous noise picked up by the cable,
noise coupled in from other conductors
(“cross talk”) and thermal noise due to
the random motion of electrons in the
cable and amplifier circuit. The analogue
amplifier has no mechanism for sepa-
rating signal from noise.

Contrast this with the repeater that
can be designed for a digital system. The
PCM repeater is not a conventional am-
plifier but rather a circuit designed to de-
tect whether an electrical pulse is pres-
ent or absent. A moderate amount of
noise added to a pulse does not alter the
basic fact that a pulse is present. Con-
versely, if a pulse is absent from a par-
ticular time slot, a considerable amount
of noise must be present before there will
be a false indication of a pulse. In short,
a repeater for digital signals (commonly
called a regenerative repeater) can re-
ceive a digital pulse train that has been
highly contaminated by noise, extract a
clean signal and pass it along to the next
repeater [sce top illustration on page
106].

Occasionally a regenerative repeater
will insert an extra pulse or drop out an
existing one. If such errors are frequent,
a speech signal will be accompanied by
a background resembling the sound of
frying eggs and a television picture will
exhibit a random pattern of snowlike



dots. If the error rate is no worse than
105, (less than one error per million
pulses), the impairment is usually unde-
tectable. If the noise contaminating the
pulse stream is “white” noise (meaning
noise with a “flat” power spectrum and a
Gaussian amplitude distribution) a 106
error rate for an ideal repeater corre-
sponds to a signal-to-noise ratio of about
100 to one, or 20 decibels. Repeaters, of
course, are not perfect, and noise may not
be entirely white. Nevertheless, an over-
all error rate of 10 is routinely achieved
in transmission circuits containing thou-
sands of repeaters in tandem. If the noise
is white, the error rate is very sensitive
to the signal-to-noise ratio. An improve-
ment of two decibels in the signal-to-
noise ratio (which could be achieved, for
example, by placing repeaters slightly
closer together or improving their de-
sign) will decrease the error rate from
one in a million to one in a billion. To
achieve a comparable performance con-
ventional AM and FM systems generally
require a much better signal-to-noise
ratio.

"T'he PCM system now used in tele-
* phone communication does not fully
utilize the transmission capability of tele-
phone cable. Recent work has shown that
it is possible to transmit 96 conversations
simultaneously on a single pair of wires.
This is at least four times the amount of
information that can be achieved with
other modulation methods. Much higher
capacities can be achieved on coaxial ca-
bles, the type of conductor in which a
wire of small diameter is suspended in
the center of a tube of larger diameter.
Coaxial cables provided the original
means for transmitting television sig-
nals. It has now been shown that by
using PCM more than 3,000 telephone
channels can be accommodated by a sin-
gle coaxial cable. In demonstrating this
capability engineers at Bell Laboratories
used a pulse transmission rate of 224
million pulses per second. The duration
of each pulse was about 4 X 10" sec-
ond, or the time required for light to
travel about four feet. This high-fre-
quency pulse stream could have carried
several color-television signals or various
mixtures of television and voice [sce il-
lustration on page 107]. The system met
all the stringent requirements for high-
quality transmission.

Engineers are currently investigating
whether or not it would be desirable to
employ digital signals in microwave ra-
dio links, which now usually carry FM
signals. Such microwave systems are ex-
tensively used in land communication
and for relaying voice and television
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ANALOGUE SIGNAL CAN BE MODULATED for transmission by at least three differ-
ent methods. In amplitude modulation (top) the voltage of the signal wave is repre-
sented by continuous variations in the amplitude of a higher-frequency carrier wave. In
frequency modulation (middle) the signal is represented by variations in the frequency of
a carrier wave. In pulse-code modulation (bottom) the voltage of the analogue signal is
first sampled and the values of the samples are then expressed as binary numbers. The
binary numbers are in turn transmitted in the form of a pulsed, or digitized, signal wave.
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USE OF REGENERATIVE REPEATERS constitutes a main ad-
vantage of PCM transmission over AM or FM transmission. Both
analogue and digital signals are severely attenuated and contami-
nated by “noise” in traveling long distances by wire, necessitating in
both cases the use of some kind of amplifying device. The ampli-
fiers, or repeaters, used in analogue systems (top) have the disad-
vantage of amplifying noise along with the signal proper. In PCM
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TIME-DIVISION MULTIPLEXING is a method for combining
low-speed digital signals into higher-speed pulse trains. In this
schematic representation narrow pulses from three pulse-code
modulators are interleaved to form a single pulse train. The fact
that the signals are all shown as encoded voice is unimportant; dig-
itized signals of all types can be interleaved in the same way. Only
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systems (bottom) regenerative repeaters examine the contaminat-
ed input signal in each time position to see if the voltage is higher
or lower than a certain reference voltage (broken horizontal line).
The repeater then regenerates an output signal that is identical
with the original signal, with all the noise of the received signal
removed. Thousands of regenerative repeaters can be connected
in tandem to transmit high-quality signals over very long distances.

the pulse rate (not the nature of the original signal) is a factor. The
three pulse streams can be easily separated at the receiver, pro-
vided that a reference timing signal (called the framing signal)
is available there. The framing signal in this case identifies the
A pulse positions; the B and C pulse positions are generated by
an electronic counter that is synchronized to the framing signal.
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signals to satellites. As I have indicated,
a disadvantage of ordinary PCM sys-
tems is that they require greater band-
width than conventional FM systems.
This disadvantage can be offset, how-
ever, by using a number system more
complex than the binary one. Fewer
pulses will suffice if each pulse is de-
signed to have more than two ampli-
tudes. Such a multilevel pulse train could
modulate the amplitude, frequency or
phase of the radio carrier signal.

Additional bandwidth saving results
when the original signal is in digital
form (such as the output of a computer)
or when the nature of the analogue sig-
nal is such that it can be efficiently
coded into digital form. Efficient coders
are more complicated than simple pulse-
code modulators because they are de-
signed to remove some of the redun-
dancy normally present in the analogue
signal and thus achieve an output pulse
rate much lower than that usually ob-
tainable. Considerable effort has gone
into the efficient coding of television
and videotelephone pictures. There are
many other variants of PCM that are
more conservative of bandwidth than
the straightforward sampling-and-coding
system. Only further study and develop-
ment will clarify the arguments for and
against using digital modulation tech-
niques in terrestrial and satellite micro-
wave systems.

Because PCM signals normally require

generous bandwidths they are well
matched to “guided wave” transmission
mediums: cable pairs, coaxial cables, in-
tercity wave guides and light beams. The
last two are extremely promising for
the more distant future. Moreover, the
peculiarities of wave guides and light
beams are such that it is difficult to em-
ploy them except with digital-modula-
tion schemes. Because these two medi-
ums have enormous capacity, they can
carry many digital signals simultaneous-
ly over different portions of their to-
tal frequency band. Their transmission
characteristics are such, however, that
there can be appreciable interference
among the many signals being simul-
taneously transmitted. Removing such
cross talk is a specialty of regenerative
repeaters. For this reason almost all de-
velopment work on intercity wave guides
and light beams has taken for granted
the use of PCM.

An intercity wave guide consists of a
round pipe about two inches in diame-
ter whose inner surface is precisely en-
gineered. A favored design is the helix
guide: a structure consisting of a contin-

TRANSMISSION CAPABILITY of a PCM system is demonstrated by this oscilloscope pic-
ture of a PCM signal that is capable of carrying 224 million bits of information per second.
The signal was obtained by interleaving pulses from several pulse-code modulators with
other sources of digital signals. The pulse stream simultaneously transmits a television pic-
ture, computer data and two groups of voice signals, one containing 24 one-way conversa-
tions and the other containing 600 one-way conversations. The index pulse allows the various
types of signals to be separated at the receiver. The duration of each pulse is four billionths
of asecond. If the entire pulse stream were devoted to data communication, it would be capa-
ble of transmitting letter by letter the contents of a 100,000-book library in about 15 minutes.

uous wrapping of fine copper wire on
the inside of a steel pipe. A wave guide
ordinarily supports several modes of
propagation; the function of the wire
inner lining is to suppress all but the de-
sired mode that has minimum loss. In ad-
dition, the helix guide need not be fab-
ricated as precisely or laid as straight as
a wave guide consisting of a plain copper
tube. The helix guide is neither very
complex nor very costly. Such a wave
guide can transmit millimeter-wave sig-
nals in the frequency band between 40
and 110 gigacycles (40,000 to 110,000
megacycles). A bandwidth of 70 giga-
cycles provides approximately six times
the transmission capacity of the whole
radio spectrum. Using PCM, the wave
guide could simultaneously transmit at
least 180,000 two-way telephone con-
versations or 300 color-television pro-
grams. Attenuation is so low that re-
peaters can be spaced 20 miles apart.
The intercity wave guide will be eco-
nomically attractive, however, only on
routeswith exceedingly heavy traffic.
The other high-capacity communica-
tion channel under intensive study, the
light beam, became possible with the in-
vention of the laser. The laser emi:s
high-directional light of a single fre-
quency that can be modulated at enor-
mous information rates [see “Communi-
cation by Laser,” by Stewart E. Miller;
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SCIENTIFIC AMERICAN, January, 1966].
Although the feasibility of pulse modu-
lation of laser beams has been demon-
strated, many refinements will be needed
before commercial operation can be con-
templated. It does not seem likely that
high-reliability communications can be
achieved by using laser beams in the
open atmosphere; they are too readily
blacked out by rain, snow and fog. An
alternative is to shine the beam through
a pipe fitted with special lenses to keep
the beam from spreading. Good progress
has been made in using the refractive
properties of gases at carefully controlled
temperatures to act as lenses. Like the
intercity wave guide, laser-beam com-
munication systems will require heavy
traffic to be economic.

‘\lL the other end of the demand spec-
+ % trum PCM has a unique ability to fill
the special needs of many low-traffic
communication systems. For example,
the first photographs of Mars were trans-
mitted across 130 million miles of space
at the rate of 8% digits a second. This
low rate was necessitated by the low
power of the transmitter aboard the
spacecraft Mariner IV and the high lev-
el of background noise. Digital trans-
mission has also made secure commu-
nication readily available. A simple
encrypting device can scramble the
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| transmitted digits so that only a properly
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keyed receiver can unscramble and ex-
tract the original message.

If PCM develops as vigorously as
expected, one can visualize a vast na-
tionwide communication network in

which all kinds of signals—voice, tele-

vision, videotelephone and data—are
transmitted in the form of binary digits.
Once digitized, all signals are in the same
electrical format and can be intermixed
indiscriminately by time-division multi-
plexing without incurring penalties in
cost or performance.

DIGITIZED VIEW OF MARS was transmitted back to the earth by the spacecraft Mariner
IV in July, 1965. A PCM signaling system was employed to enable the low-power transmit-
ter (10 watts) to send a virtually noise-free signal across 130 million miles of space. The
Mariner IV pictures of Mars were transmitted to the earth at a rate of 8} digits per second.

DETAIL OF MARS PICTURE shows the subtle gradation of tones produced by the 64-step
intensity scale that was specified by the six-digit code used to transmit the Mariner IV pic-
tures. The craters in this photograph are the ones at lower left in the photograph at top.
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Once she would’ve
shouted across the Atlantic.
Now she can whisper.

Calls across an ocean used to be
quite an ordeal—fade out, fade in, static
—because part of the connection was
by radio, and transmission was at the
mercy of atmospheric conditions.

But now when you phone Europe,
chances are you’ll be connected di-
rectly by underseas cable,withnovoice
fade or static. A British subsidiary of
ITT, Standard Telephones and Cables
Ltd. (STC), has had a lot to do with this

improvement in your calls.

To strengthen the voice signal along
its trip, special amplifiers called re-
peaters are spliced into submarine
cable at regular intervals. In the 1950,
in collaboration with the British Gen-
eral Post Office, STC developed a rev-
olutionary new kind of repeater that
let a single cable handle the traffic that
once took two.

Today, STC repeaters have a com-
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bined service record of over 3,500 years
without a single system failure. Of the
global web of STC submarine cables,
more than 20,000 miles is made up of
a new easier-to-lay lightweight cable.
As more of the world is connected
by these ultramodern cables, more
overseas calls will start off with, ““You
soundjustlikeyou’rein the nextroom.”
International Telephone and Tele-
graph Corporation, New York, N.Y.




The Adjustable Brain of Hibernators

The unique state of torpor that some mammalian species can attain

is the result of a complex chain of events. It now appears that

changes in the usual functioning of the brain underlie these events

any animals face an annual crisis
in their struggle for existence:

the winter shortage of food. To
meet this challenge they have evolved
two quite different biological strategies.
Some species meet the food shortage by
the complex chain of events we call mi-
gration; among the links in the chain are
awe-inspiring feats of navigation. A
quite different strategy is the chain of
events we call hibernation. Although this
behavior is perhaps not as dramatic as
migration, it is in many ways even more
remarkable.

Consider an animal actually in a state
of hibernation, say a ground squirrel of
the genus Citellus. The temperature of
the animal’s body hovers only a few de-
grees above the freezing point (about
five degrees centigrade, more than 30
degrees C. below the normal level).
Curled up, immobile, the squirrel ap-
pears to have withdrawn from nature. In
comparison with its active state nearly
every system in its body is radically
altered. The composition of the blood,
the functioning of the digestive tract,
the state of the fat reserves, the output
of hormones—these and much else are
changed so that a new physiological
state is achieved.

Some aspects of this state are aston-
ishing. The animal’s heart is beating;
perhaps only once a minute, but still
beating. How is this ultraslow rhythm
maintained? How indeed is cardiac mus-
cle capable of contracting at all at five
degrees C.? In nonhibernators the heart
generally will not beat below 20 to 10
degrees. The same question arises con-
cerning the nervous system; at tem-
peratures at which mammalian nerve
normally does not function the hiberna-
tor’s nerves remain active. Disturb the
ground squirrel and it will respond. Its
body heaves, its ears may prick up and
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sometimes it emits a piercing shriek.
The animal remains alive and respon-
sive at five degrees; a nonhibernating
mammal kept at this temperature for
any length of time would be dead.

One should ask at the start what facts
have been established about hiber-
nation. Evidently the hibernating animal
becomes cool and torpid, but what are
the details of the process? Exactly how
does the reduced body temperature com-
pare with the temperature of the sur-
roundings? Does the body temperature
remain constant? In 1959 Felix Strum-
wasser, then working at the Walter Reed
Army Institute of Research, made con-
tinuous records of the temperatures of
hibernating animals that answer these
questions. He implanted thermocouples
in ground squirrels of the species Citel-
lus beecheyi and found that when the
animal was hibernating, the temperature
of the brain remained constant in spite
of fluctuations in the temperature of its
skin. Moreover, its brain temperature
consistently remained a few degrees
warmer than the ambient level [see hot-
tom illustration on page 113]. This small
but consistent difference is enough to
show that the hibernator is not thermally
passive but can regulate and maintain its
temperature within closely defined lim-
its. The limits are quite different from
those of the summer months, but the ani-
mal’s “thermostat” (to use an analogy
proposed by C. Ladd Prosser of the Uni-
versity of Illinois) has not been turned
off; it has merely been turned down.
Coming out of hibernation is quite
as remarkable an event as entering it.
Whether the arousal is spontaneous (an-
other way of saying that the cause is
unknown, although it is presumably in-
ternal) or is in response to external dis-
turbances, the main occurrence is a rapid
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rise in body temperature. Charles P. Ly-
man and his colleagues at the Harvard
Medical School, working with hamsters,
have recorded temperature rises of 30
degrees C. or more over a period of three
hours. During this interval there is a
dramatic transformation from torpor to
activity. The self-rewarming will take
place in spite of such handicaps as a
cold-room environment only a few de-
grees above freezing. This is a consider-
able achievement in heat production; it
appears to be made possible largely by a
special tissue called brown fat [see “The
Production of Heat by Fat,” by Michael
J. R. Dawkins and David Hull; Scien-
TIFIC AMERICAN, August, 1965].

It is thus evident that the hibernator
is in charge of its temperature and not
completely at the mercy of its environ-
ment. But how is this arranged? Strum-
wasser’s recordings provide a clue; he
studied ground squirrel temperatures not
only during hibernation but also during
the period when the animals were enter-
ing the state. Like other animals that are
active during the day, ground squirrels
show diurnal fluctuations in tempera-
ture: they are somewhat cooler when
they are asleep at night than they are
during the daylight hours. As fall comes
to an end, however, the nightly dips
in body temperature are increasingly
accentuated until finally the coolness
and torpor of the night hours continue
through the following day. The ground
squirrel then remains in hibernation (ex-
cept for occasional spontaneous arousals)
for the rest of the winter [see top illustra-
tion on page 113]. Viewing this pattern
in terms of control-system analogies, it
seems apparent that the transition from
an active state to a hibernating one in-
volves an exaggerated swing of the same
thermostat that ordinarily manages the
daily temperature cycle.



HIBERNATING GROUND SQUIRREL, curled and undisturbed, ground squirrel in the wild often stays at five degrees above zero
lies in an investigator’s hand. The body temperature of a hibernating centigrade for periods that would kill a nonhibernating mammal.

ALERT GROUND SQUIRREL has recovered from its state of hi- C. or more in a three-hour period by boosting heat production of its
bernation. The animal can raise its body temperature by 30 degrees brown fat. Both photographs show the 13-striped ground squirrel.

Il
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SUPRAOPTIC
HYPOTHALAMUS

ANTERIOR
HYPOTHALAMUS

(ATERAL
HYPOTHALAMUS

VENTROMEDIAL
HYPOTHALAMUS

HYPOTHALAMIC REGION of a rodent’s brain is seen from above, divided schematically.

Names identify four areas that are apparently implicated in some aspects of hibernation.

__'7|_ —— ——
| .

0 350 | 140 &
;{ =
& &
] S
E 48}
& 300 30 5(
w =
g =
> (@)
3 S
m 250 20 @

1 | — i

TIME (DAYS)

DESTRUCTION OF SATIETY CENTER in the ventromedial area of a rat’s hypothalamus
produces a sudden increase in consumption of food (color) and a resulting rise in body
weight (black). Food intake soon levels off and the brain-damaged animal’s weight reaches
a new plateau in a few weeks. The records for brain-damaged rats and for normal rats (bot-
tom pair) were obtained by Philip Teitelbaum of the University of Pennsylvania in 1955.
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But what exactly controls the normal
daily cycle? Although we are a long way
from having the complete answer, it is
known that certain areas of the mam-
malian brain, located in the anterior re-
gion of the hypothalamus, are particu-
larly sensitive to temperature changes.
When this region in a nonhibernating
animal—say a rat, a dog or a goat—is
locally cooled, heat-producing mecha-
nisms such as shivering are activated.
When the same region is warmed, heat-
loss mechanisms such as panting and
sweating start to operate. Furthermore,
if this part of the brain is surgically
destroyed, the animal loses its ability to
keep warm in the cold. The anterior hy-
pothalamus, then, contains one (whether
or not it is the only one) temperature-
sensitive structure in a kind of internal
thermostatic control system.

"Ihe facts presented so far favor the

possibility that hibernators are able
to alter the setting of their thermostat.
The animals’ temperature-control system
remains active during hibernation. Their
mode of entry into hibernation suggests
an exaggeration of the normal tempera-
ture cycle. Finally, areas in the anterior
hypothalamus are known to control
the temperature-regulating activities of
some mammals. It is therefore certainly
possible—even plausible—that hiberna-
tion involves the alteration of the ani-
mal’s hypothalamic temperature con-
trols. The existence of such a possibility
is a far cry from established proof. But
what if several other characteristic fea-
tures of hibernation could be shown with
equal plausibility to involve adjustments
in the same general brain areas? If this
were so, at least the attention of investi-
gators would be focused on these areas,
and perhaps a more general and unifying
conception of hibernation might emerge.

One of the most striking seasonal
changes among hibernators is the au-
tumnal development of obesity. The ani-
mals’ food consumption soars far above
normal as winter approaches; the obesity
is a kind of physiological hoarding that
protects the animal when food supplies
run out. Now, the regulation of food in-
take involves many factors, but as far as
obesity is concerned one brain system
has been implicated with particular clar-
ity. The key area is in the ventromedial
region of the hypothalamus; it consti-
tutes a satiety center. The system works
as follows. Signals from various recep-
tors in the body that are activated by
eating impinge on nuclei, or groups of
brain cells, in the ventromedial hypo-
thalamus. The ventromedial nuclei then



send inhibitory messages to eating cen-
ters niearby in the lateral hypothalamus.
When the inhibitory impulses reach the
lateral areas, eating decreases or stops.
If the nuclei of the satiety center are sur-
gically destroyed or chemically blocked,
however, obesity is induced. The signals
normally associated with satiety no long-
er have their effect; the animal does not
know when to stop eating and soon be-
comes grossly fat.

gtudies of experimentally induced obe-
X7 sity in rats by various research groups
have made clear one important element
in obesity. After their satiety centers are
destroyed rats undergo an initial phase
of rapid weight gain, but the rate of gain
gradually decreases and eventually the
animals reach a new weight plateau.
When they are temporarily starved and
then once more given unlimited access to
food, they soon regain the same plateau.
Interference with the satiety signals thus
produces a defect not only in eating but
also in whatever weight-level control
maintains an animal at its normal weight.
The obese rat still regulates its weight,
but the control has been set at a much
higher level than the one that prevailed
before surgery.

It is thus evident that, in rats at least,
areas in the ventromedial hypothalamus
function to keep the weight of the animal
fairly constant over long periods of time.
Rats, of course, are not hibernators. But
what if among hibernating animals
some depression or functional quies-
cence occurred naturally in the ventro-
medial hypothalamus in late summer or
early fall? With their satiety signals up-
set, the animals could be expected to
emulate the surgically altered rats—to
overeat and grow obese. There is no di-
rect evidence that such quiescence oc-
curs, but some details of autumnal obe-
sity in hibernators bear a striking resem-
blance to the details of artificial obesity.

In addition to the overeating that
follows destruction of the satiety center

NOON NOON NOON

ONSET OF HIBERNATION is signaled by larger than normal drops in the animal’s tem-
perature at night. Eventually night cooling produces a torpor from which the animal does
not recover the next day. Felix Strumwasser recorded these progressive drops in the brain
temperature of a ground squirrel in studies at the Walter Reed Army Institute of Research.

in rats there are changes in the strength
of the animals’ urge to reach food. When
one sees an immediately postoperative
rat shoveling in food as it staggers
around even before the anesthetic has
worn off, one might conclude that the
animal was very hungry indeed. This is
not so. If reaching the food is made dif-
ficult in some way—such as placing it in a
pot with a heavy lid or requiring the rat
to press a bar many times in order to
receive a food pellet—a rat with its sati-
ety center destroyed not only eats less
than when its access to food is free but
also takes even less food than an un-
operated control rat will.

In effect the components of the hun-
ger drive in the brain-damaged rat have
been dissociated. Appetite is gone and
only the capacity to consume remains. If
food is readily available, such a rat over-
eats and becomes fat. If the food is hard
to obtain, however, the animal remains
thin. It is not hard to imagine behavior

of this kind having survival value for a
hibernator in the wild at the onset of
winter. Available food would be con-
sumed voraciously, but the animal would
be reluctant to expend energy in a food
quest that might go unrewarded.

In fact, hibernators sometimes do
adopt such a paradoxical but useful atti-
tude toward food. While working at Uni-
versity College London, I conducted an
experiment in which the dormouse, a
European species of hibernator, and the
North American ground squirrel Citel-
lus lateralis were given daily access to a
food bar; when the animals pressed the
bar down, a pellet of food was delivered
[see illustration on page 116]. Over a
period of days the number of presses re-
quired to release one food pellet was
increased until the point was reached at
which the animals would no longer work
the bar. I then compared my results with
some obtained for both artificially obese
rats and unoperated control rats by

ANIMAL’S TEMPERATURE shows surface fluctuations during hi-
bernation (bottom). In spite of the surface changes, however, the
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animal’s slightly higher internal temperature stayed steady (top).
These ground squirrel records are also from Strumwasser’s work.
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Philip Teitelbaum of the University of
Pennsylvania. When only a few presses
produced a reward, my hibernators were
eager for food, but when the work re-
quired of them was increased, they soon
gave up. Their laziness in this respect
resembled that of the obese rats. In con-
trast, Teitelbaum’s normal rats still
worked the bar even when 256 presses
were required to obtain a single pellet.
In 1965 Elizabeth Cornish and I un-
dertook a series of tests at University
College London to compare the activity
of hibernating and nonhibernating ro-
dent species that were temporarily de-

OBESE DORMOUSE has overeaten for weeks and is now ready to

hibernate. The animal weighs more than half a pound, in contrast

I 14

prived of food. Dormice and ground
squirrels comprised the first group,
guinea pigs and rats the second. The
deprived nonhibernators became hyper-
active—as if they were searching for food
or reacting to stimuli that might lead
them to some. The dormice and ground
squirrels remained relatively unmoved
and showed only slight changes in activ-
ity. Two points of similarity thus exist
between normal hibernators and brain-
damaged rats. Both possess a potential
for getting fat and both exhibit a para-
doxical laziness with respect to working
for or searching for the food on which
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to a more usual weight of four ounces. The fat accumulated before
hibernation provides the energy needed to rewarm the cold body.

thev will gorge themselves when it is
available. These constitute circumstan-
tial evidence that the same weight-con-
trol systems, involving the satiety centers
of the ventromedial hypothalamus, are
involved in both instances.

One important difference exists be-
tween the naturally obese hibernator and
the artificially obese rat: the rat remains
obese for life but the hibernator begins
to lose weight as scon as it grows torpid.
To put it another way, brain damage has
produced a new and permanent weight
plateau in the rat—a new, fixed setting
of the weight-level control. In the hiber-
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nator, on the other hand, the control
must move flexibly from a high setting
in the fall, which leads the animal to
become increasingly fat, to a relaxed
setting (after the programmed weight
level is reached), which enables the ani-
mal to hibernate and lose weight.

tudents of hibernation are indebted to

Eric T. Pengelley (now at the Univer-
sity of California at Riverside) and Ken-
neth C. Fisher of the University of To-
ronto for years of detailed observations
of a number of long-term cycles in hiber-
nating animals. They have worked main-
ly with the ground squirrel C. lateralis,
measuring these animals’ body weight,
food intake and state of torpor for
months on end. Their data show that all
three indexes fluctuate in cycles of about
a year’s duration [see upper illustration
on page 118]. Pengelley and Fisher have
also found that the animals’ hibernation
is by no means as simple as a direct re-
sponse to winter’s shortened daylight
hours and lower temperatures. The
ground squirrels hibernated when they
were kept in rooms illuminated 24 hours
a day and held at a constant temperature.
They even hibernated at normal room
temperature (21 degrees C.). Pengelley
and Fisher have come to the conclusion
that some internal biological clock with
a periodicity of about a year is responsi-
ble for the animals” hibernation; Pengel-
ley now calls this a “circannian” rhythm
(from the Latin for “about a year”) to
emphasize its apparent kinship with
various “circadian” rhythms (meaning
“about 24 hours”) noted by many investi-
gators of biological clocks.

My observations of dormice, which
are limited when compared with the
work of Pengelley and Fisher, nonethe-
less suggest a different explanation of
this cyclical phenomenon. The dormice
were kept in a warm room and weighed
every day. The act of picking up the
animals for weighing was sufficient to
arouse them at times when they were
torpid. Under these conditions the cycle
of body weight ran its course in a few
weeks rather than many months [sce
lower illustration on page 118]. In both
dormice and ground squirrels heavy
eating and weight gain was followed
by reduced eating and activity and by
weight loss. With respect to duration,
however, the body-weight cycles in dor-
mice diftered from those in ground
squirrels. The short cycles in dormice
could in no way be termed circannian.
I prefer the following interpretation.

Each time I roused one of the torpid
dormice, the animal was forced into an

4
BAR PRESSES PER PELLET

16 64 256

FEEDING “LAZINESS” exhibited by two hibernating species (color) during tests of hun-
ger motivation is compared with the performances of normal and brain-damaged rats. All
five groups received food pellets after they had pressed a bar; the number of presses re-
quired to obtain a pellet was steadily increased. The dormice («) and ground squirrels (b)

stopped working sooner than already obese rats (¢) and rats still in the weight-gaining phase

(d). All four groups had quit, however, before effort by normal rats (e) began to flag.

extra expenditure of energy; as I have in-
dicated, the act of rewarming requires
intensive heat production. This abnormal
spending of energy, in turn, caused the
do:mice to lose weight more rapidly than
they would have otherwise and soon
brought them down to a critical mini-
mum weight. At the point where any
further weight loss would have endan-
gered their survival, the animals’ hiber-
nation ended. In my view the various
phases of the body-weight cycle are trig-
gered by the state of the animal’s fat
deposits rather than by any biological
clock; the sooner a critical minimum is
reached, the sooner the next stage in the
cycle—active weight gain—will begin.
On this basis a hibernation cycle is a
chain of ordered events; each event or
stage ushers in the next one. According-
ly hibernation has similarities with the
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sequences of events studied by etholo-
gists. If one event in the sequence does
not take place, progress along the chain
should be blocked. There are instances
in which this happens. Thin ground
squirrels, for example, seem to hibernate
less readily than fat ones; the lack of fat
evidently obstructs the animal’s move-
ment onward to the torpor phase of
the cycle.

\f*hat have we learned about hiberna-

tion up to this point? At least some
facts are definite: first, hibernators are
not thermally passive; second, hiberna-
tors possess a highly developed mecha-
nism for heat production; third, hiber-
nation can occur even in a warm and
lighted room; fourth, hibernators can
consume enormous amounts of food in
the fall but at the same time are only

15



weakly motivated to obtain it. It is now
time to add one more fact to our list.
During hibernation there is an obvious
need for the conservation of water. Now,
the body’s capacity for water retention
depends on what amount of an antidi-
uretic hormone is released by the pitui-
tary gland. This release is controlled by
groups of brain cells in the anterior part
of the hypothalamus that are known as
the supraoptic nuclei. This is one more
case in which a region of the hypothala-
mus is implicated in the hibernation
process. Here, however, the implication
is more than speculative. Paavo Suoma-
lainen and his colleagues in Finland have
found that the appearance of the supra-
optic nuclei in hedgehogs (which are
hibernators) fluctuates with the seasons.
In winter there is an increase in the size

FOOD DISPENSER (left) was used by the author to measure the
extent to which hibernating species of rodents would work to get
extra nourishment. The results proved to resemble those obtained
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of the nucleus; this indicates intensified
secretion by the cells. Here is a concrete
example in the brain of seasonal plas-
ticity related to hibernation. When we
now suggest that changes in other hy-
pothalamic regions could provide most
or all of the mechanisms required to pro-
duce the entire chain of hibernation be-
havior, we are at least no longer without
a precedent.

Exactly what can be reasonably pos-
tulated? The hibernation cycle involves
enormous fluctuations both in food
intake and in temperature regulation.
Leaving aside the question of tempera-
ture regulation, I think it reasonable to
assume that the food-intake changes in
hibernators involve a quiescence in the
ventromedial nuclei of the hypothala-
mus. The quiescence alters the balance
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between the satiety centers and the
adjacent eating centers in favor of the
latter. No new properties need be in;
voked to account for this aspect of hiber-
nation behavior; all that is required is a
rebalancing of existing components. The
key problem that remains is learning how
this rebalancing of components—and of
other components possibly responsible
for other aspects of hibernation—is
achieved. A question that is probably
less important, but that must be faced,
lies in the fact that there are many dif-
ferent species of hibernator. Each spe-
cies may behave quite differently.

If brain changes do occur in all hiber-
nators, a fuller understanding of the
hypothalamus of hibernators could be
instructive and also relevant to man.
The hypothalamus of hibernators evi-

by Teitelbaum in a similar test of brain-damaged and normal rats
(see illustration on preceding page). This suggests that quiescence
of a satiety center in hibernator’s brain occurs before hibernation.



SCIENCE. “SCOPE

The seventh Surveyor, sent to explore the unknown rock-strewn ridges of the
moon's south polar region, landed only 1% miles from its bullseye near the
crater Tycho. 1Its TV camera shortly revealed the boulders it had barely
missed. Later, laser beams aimed at the moon from stations in California and
Arizona were recorded by Surveyor 7 and transmitted back to earth. One of
the lasers was built by Hughes Research Laboratories.

So complete had four earlier Surveyors tested and photographed all proposed
landing areas for the first manned moon mission that Surveyor 7 could be freed
for this important scientific mission. NASA scientists hoped to learn more
about the character of the moon, which could lend clues to its origin and that
of the universe, by landing near the fallout from this large new crater.

Surveyor 7's only glitch -- its temporary inability to lower the tiny box
containing its alpha backscattering instrument all the way to the surface --
was turned into a brilliant demonstration of the commandable-spacecraft concept
by a 40-man team of JPL and Hughes scientists. After an all-night session of
delicate maneuvering, they successfully used the surface scoop to free the

box and guide it to the soil.

The West German Ministry of Defense has awarded Hughes a contract for two
prototype computer-controlled flight-line testers for their F-104G Starfighter's
inertial navigation system. The tester, using pre-programmed test sequences,
enables relatively unskilled operators to make fast, accurate tests. It uses

a Hughes H3118M computer, and can be adapted for testing other avionics.

Hughes has openings for engineers in these fields: circuit and logic design,
telecommunications systems design, display systems, space/airborne command sys-
tem design, computer memory systems. Requirements: accredited degree, U.S.
citizenship, and at least two years related experience. Please write: Mr. J.C.
Cox, Hughes Aircraft Co., Culver City, Calif. An equal opportunity employer.

It's the TV camera in Walleye's nose that gives this U.S. Navy and U.S. Air
Force air-to-surface weapon its phenomenal accuracy. After launch, its
electro-optical guidance system keeps it on course as it glides to its target.
Walleye is now being manufactured at the Hughes Tucson, Arizona, plant under
a second-source contract.

First working laser, developed in 1960 at Hughes Research Laboratories, was the
ruby laser. Last November, Hughes was awarded a U.S. patent covering all ruby
laser systems until 1984. Although many patents have been granted on other
lasers since 1960, the ruby laser is one of the most important for practical
applications.

Creating a new world with electronics
(T e a
]
]
]
]

HUGHES |

HUGHES AIRCRAFT COMPANY
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THE NURTURING
OF PROFESSIONAL
INTEGRITY

The scientists and engineers who make
up Booz+Allen Applied Research Inc.
work in an atmosphere uniquely suited
to the fulfillment of their professional
goals. Project teams composed of
specialists representing every pertinent
discipline approach problems through
the creative interaction of diverse
minds. A synthesis is reached which
broadens the outlook of the researchers
far more than any summary of isolated
insights.

Their assignments are broad and deep,
ranging from undersea warfare systems
development to aerospace engineering
and astronautics studies. The sophisti-
cated methodology brought to bear on
each problem further contributes to indi-
vidual growth in professional attainment.
No corporate proprietary interests
intrude on research objectivity.

Our growing, international organization
now encompasses more than thirty
scientific and engineering specialties.
The majority of our 500 staff members
are professionals of advanced
competence and experience.

Booz+Allen Applied Research Inc. has
grown to established leadership in the
field of scientific and technical services.
Within this environment of growth,
opportunities for increased individual
responsibility have kept pace.

If you are interested in learning more
about Booz-Allen Applied Research Inc.,
contact Mr. Robert W.Flint, Director of
Professional Appointments.

BOOZ:ALLEN

APPLIED RESEARCH Inc.
135 South LaSalle Street—Room 1743
Chicago, Illinois 60603, Phone (312) 372-1728

CHICAGO/KANSAS CITY
WASHINGTON, D.C./LOS ANGELES

4 An equal opportunity employer
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BIOLOGICAL CLOCK, in control of an annual rhythm, is suggested by the cyclical nature
of ground squirrels’ preparatory overeating, their resultant obesity and subsequent loss
| of weight during hibernation. Both the observations and the proposal of a biological
clock were made by Eric T. Pengelley and Kenneth C. Fisher at the University of Toronto.

(GRAMS)

BODY WEIGH

JANUARY
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ANNUAL RHYTHM is brought into question by one of the author’s experiments. Daily
handling of dormice prevented continuous torpor. This caused an overexpenditure of energy
and the animals repeated a cycle of weight gain and loss in weeks rather than in months.

dently has the same basic components
that are found in the hypothalamus of
nonhibernators. For example, Evelyn
Satinoft of the University of Pennsyl-
vania has found that when the anterior
hypothalamic region of ground squirrels
is destroyed, the animals’ thermoregula-
tion is impaired just as it is in nonhi-
bernators. I have electrically stimulated
areas in the lateral hypothalamic region
of ground squirrels and thereby pro-
duced feeding behavior just as similar
stimulation does in nonhibernators. J.
Robert Troyer of the Temple University
School of Medicine has shown that the
anatomy of the supraoptic-pituitary area

of the hypothalamus in bats, which are’

| notable hibernators, is essentially the
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same as in the brain of nonhibernators.

Hibernators, with their vast obesity,
their torpor and their huge fluctuations
in physiological function, are extremists.
Other mammals, however, also experi-
ence fluctuations in weight, temperature
and activity. If hibernators achieve cer-
tain extremes by means of systems that
are essentially the same as those in other
mammals, then problems of weight, tem-
perature and activity in such mammals
could be explained by smaller changes in
the same systems. The possibility that
knowledge obtained from hibernators
can eventually be related to a wide spec-
trum of behavior in other animals, our-
selves included, makes this a particularly
exciting field of investigation.



What gives this
speeding squad car
extra safety during
emergency stops?

i'ﬁx\ .

L 4

Lights flash. Sirens scream. Emergency!
Rapid decelerations in quick succession
overheat ordinary brake linings, causing
them to grab, pull, or fade.

For greater safety, we added copper to the
brake linings on this emergency vehicle,
speeding dissipation of heat from lining
to shoe to drum . . . preventing heat and
water fade.

This copper/asbestos/resin composite is
only one of literally hundreds of brake
linings and disc brake pads we manufac-

A Iie-saving R/ composite.

ture for every type of service. A high per-
centage of all autos, trucks, buses, and
off-highway vehicles are equipped with
our brake, clutch, and transmission ma-
terials.

Using combinations of asbestos, rubber,
sintered metals, specialized plastics, and
other natural and man-made materials,
we create life-saving composites for the
automotive industry.

Got a friction material problem? Get in
touch with us now.

Specializing in

creative composites
Raybestos-Manhattan, Inc.

© 1968 SCIENTIFIC AMERICAN, INC

Passaic, N.J. 07055




The end
of the world

To early man, ocean was a great river
endlessly circling the earth. His world
ended at the horizon in a limbo of
sky and water.

As civilization advanced, so did man’s
field of vision. The earth grew round. The
ocean took on real dimensions. We
explored and charted its surface. We
discovered that it covers nearly three-
fourths of the globe and contains 80 percent
of all life on earth. We turned our
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scientific probing to the ocean’s third
dimension: the world beneath the waves,
an alien environment almost as boundless
as outer space, and as full of mystery.

LTV Aerospace Corporation is in the
van of those high-technology enterprises
involved in this new era of discovery.

We're applying over 50 years of proven
aerospace technology to developing
specialized systems for undersea
communications and acoustics studies,
surveillance, mapping, vehicle
instrumentation and hardware recovery.
And we're conducting basic ocean
research and engineering support
services.

- ':( “

s

Yet, this is only part of our total
environmental capability. LTV Aerospace
builds advanced products and systems to
take up the challenges of all environments:
land, air, space . . . as well as the
forbidding sea.

There is a tremendous range of
scientific and engineering talent required
throughout our company. Whether
your interest is in research, design,
development, production or management
... we have a need and a place for your
special skills.

Write Professional Placement, Dept. O,
P.O. Box 5907, Dallas, Texas 75222,
An equal opportunity employer.

LTV AEROSPACE CORPORATION
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MATHEMATICAL GAMES

A short treatise on the useless eleg(mce

of perfect numbers and amicable pairs

by Martin Gardner

ne would be hard put to find a set
Oof whole numbers with a more

tascinating history and more ele-
gant properties, surrounded by greater
depths of mystery—and more totally use-
less—than the perfect numbers and their
close relatives the amicable (or friendly)
numbers.

A perfect number is simply a number
that equals the sum of its divisors (in-
cluding 1 but not the number itself).
The smallest such number is 6, which
equals the sum of its three divisors, 1, 2
and 3. The next is 28, the sum of 1 +
2+ 4+ 7+ 14. Early commentators
on the Old Testament, both Jewish and
Christian, were much impressed by the
perfection of those two numbers. Was
not the world created in six days and
does not the moon circle the earth in
287 In The City of God, Book 11, Chap-
ter 30, St. Augustine argues that al-
though God could easily have created
the world in an instant, he preferred to
take six days because the perfection of
6 signifies the perfection of the universe.
(Similar views had been advanced earlier
by the first-century Jewish philosopher
Philo Judaeus in the third chapter of his
Creation of the World.) “Therefore,” St.
Augustine concludes, “we must not de-
spise the science of numbers, which, in
many passages of Holy Scripture, is
found to be of eminent service to the
careful interpreter.”

The first great achievement in perfect
number theory was Euclid’s ingenious
proof that the formula 27 = (27 — 1) al-
ways gives an even perfect number if
the parenthetical expression is a prime.
(It is never a prime unless the exponent
n also is prime, although if n is prime,
2» — 1 need not be, indeed rarely is,
prime.) It was not until 2,000 years
later that Leonhard Euler proved that
this formula gives all even perfects.
In what follows, “perfect number” will
mean “even perfect number” because no

odd perfects are known and they prob-
ably do not exist.

To get an intuitive grasp of Euclid’s
remarkable formula and see how closely
it ties perfect numbers to the familiar
doubling series 1, 2, 4, 8, 16... ., consider
the legendary story about the Persian
king who was so delighted with the game
of chess that he told its originator he
could have any gift he wanted. The man
made what seemed to be a modest re-
quest: he asked for a single grain of
wheat on the first square of the chess-
board, two grains on the second square,
four on the third and so on up the pow-
ers of 2 to the 64th square. It turns out
that the last square would require 9,223, -
372,036,854,775,808 grains. The total of

all the grains is twice that number minus
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240 241 242 243

248 249 250 251

256 257 258 259
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1, or a few thousand times the world’s
annual wheat crop!

If each square of a chessboard is
marked according to the number of
grains it would hold [see illustration be-
low], then, if we remove one grain from
a square, the number remaining on that
square will fit the parenthetical expres-
sion in Euclid’s formula. If that number
is a prime, multiply it by the number
of grains on the preceding square, the
2n =1 of the formula. Voila, we have a
perfect number! Primes of the form
2" — 1 are now called Mersenne primes
after the 17th-century French mathema-
tician who studied them. The colored
squares in the illustration mark the cells
that become Mersenne primes after los-
ing one grain and that consequently pro-
vide the first nine perfect numbers.

From Euclid’s formula it is not dif-
ficult to prove all kinds of weird and
beautiful properties of perfect numbers.
For example, all perfects are triangular.
This means that a perfect number of
grains can always be arranged to form an
equilateral triangle like the 10 bowling
pins or the 15 pool balls. Put another
way, every perfect number is a partial
sum of the series 1 +2 +3+4+ ....
I'tis also easy to show that every perfect

B [
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212 213 214 215
|

=+, |

220 221 222 223

228 229 230 | 231 |

236 237 238 239

244 245 246 247

252 253 254 255
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260 | 261

1 ——

262 263

Pouwers of 2 on a chessboard. Colored squares yield Mersenne primes
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number except 6 is a partial sum of the
series of consecutive odd cubes: 13 +
3* + 5% + ... Still more surprising, the
sum of the reciprocals of the divisors
of a perfect number, including the num-
ber itself as a divisor, is always 2. For
example, the reciprocals of the divisors
of 28:

Ll
T 1428

o,
12y
The digital root of every perfect num-
ber (except 6) is 1. (To obtain the digital
root add the digits, then add the digits
of the result, and continue until only one
digit remains. This is the same as casting
out nines, and thus to say that a number
has a digital root of 1 is equivalent to
saving that the number has a remainder
of 1 when divided by 9.) The proof
involves showing that Euclid’s formula
gives a number with a digital root of 1
whenever n is odd, and since all primes

FORMULA

5 212 (213-1)

20 04422 (24.423 1)

21

22 29940 (29941 1)

23 o11.212 (211.213 1)

NUMBER

except 2 are odd, perfect numbers be-
long to this class. The one even prime,
2, provides the only perfect number, 6,
that does not have 1 as its digital root.

Because perfect numbers are so in-
timately related to the powers of 2, one
might expect them to have some kind of
striking pattern when expressed in the
binary system. This proves to be correct.
Indeed, given the Euclidean formula for
a perfect number, one can instantly write
down the number’s binary form. Readers
are invited first to determine the rule by
which this can be done and then to see if
they can show, before the simple proof
is given next month, that the rule always
works.

The two greatest unanswered (ues-
tions about perfects are: Is there an odd
perfect number? Is there a largest even
perfect number? No odd perfect has yet
been found; nor, although it looks so
easy, has anyone proved that such a
number cannot exist. The second ques-

NUMBER OF DIGITS

6

N

28

496 3

8.1 2é " N 4
33,550,336 8

8.589,869,056 10

37
54

65

314

366

770
1,327
1,373
1,937
2,561
2,663
5,834
5,985

6,751

The 23 known perfect numbers
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tion hinges, of course, on whether there
is an inﬁnity of Mersenne primes, since
every such prime immediately leads to
a perfect number. When each of the
first four Mersenne primes (3, 7, 31 and
127) is substituted for n in the formula
2" — 1, the formula gives a higher Mer-
senne prime. For more than 70 years
mathematicians hoped this procedure
would define un infinite set of Mersenne
primes, but the next possibility, n =
213 — 1 = 8,191, let them down: in 1953
a computer found that 2511 — 1 was
not a prime. No one knows whether the
series of Mersenne primes continues for-
ever or has a highest member.

Pystein Ore, in his Number Theory
and Its History, quotes an amusing pre-
diction from Peter Barlow’s 1811 book
Theory of Numbers. After giving the
ninth perfect, Barlow adds that it “is the
greatest that will ever be discovered, for,
as they are merely curious without being
useful, it is not likely that any person will
attempt to find one beyond it.” In 1876
the French mathematician Edouard Lu-
cas, who wrote a classic four-volume
work on recreational mathematics, an-
nounced the next perfect to be discov-
ered, 21262127 — 1). The 12th Mersenne
prime, on which it is based, is one less
than the number of grains on the last
square of a second chessboard, if the
doubling plan is carried over to another
board. Years later Lucas had doubts
about this number, but eventually its
primality was established. It is the lagg-
est Mersenne prime to have been found
without the aid of modern computers.
The illustration at the left lists formu-
las for the 23 known perfects and the
number of digits in each, and gives the
numbers themselves until they get too
large. The last perfect—which has 22,425
divisors—came to light in 1963 when a
computer at the University of Illinois
discovered the 23rd Mersenne prime.
(The university’s mathematics depart-
ment is so proud of this that its post-
age meter has been stamping on enve-
lopes a rectangle bearing the statement:
“211213 — 1 is prime.”) The printout of
this largest prime known [sce opposite
page] is from John McKay, who used a
computer at the Atlas Computer Labora-
tory of the British Science Research
Council and a fast program devised by
Fred Lunnon of the University of Man-
chester.

The end digits of perfect numbers
present another tantalizing mystery, ap-
propriately discussed in the year 1968
since it concerns the digits 6 and 8. It
is quite easy to prove from Euclid’s for-
mula that any even perfect must end



EXECUTION STARTED ON 25/09/67 AT

2 81411
32570 74198
49718 80530
85433 46251
42211 15477
03610 41108
79148 17510
66892 53688
28653 §7699
42396 00430
86655 70202
76052 66122
51895 10704
84377 £5848
83413 51401
03393 Y6785
78516 19190
78865 70240
49635 05925
32758 82063
30700 03771
54310 03013
32377 56792
02861 72126
76345 41503
52344 35676
43660 41784
02291 78176
53113 84093
37527 67022
1113 $5790
16018 38628
15763 55830
02335 28351

27631
78418
49342
90967
10429
64547
53921
96692
14326
55525
13331
90935
06474
93364
93488
72445
95060
61535
65500
47615
84254
05979
34243
08822
58102
10419
91221
69582
37249
78999
43054
5362
85867

38107
35674
26866
70918
92316
51701
25289
63352
35639
58206
83401
55206
89915
32780
04878
98958
19875
05144
91585
81716
36412
45655
78782
27855
92983
75631
71985
62103
31959
89580
97722
42636
18527

15094
70706
18396
43944
75884
73452
32010
96663
22560
39308
50844
19532
94407
84527
99347
52366
31218
85227
21173
16066
34778
27774
04200
50570
20171
30215
95360
04316
25692
77577
39514
08636
58660

74563
74633
63091
55575
32457
70113
72613
63787
45560
88994
75386
82409
47632
29789
19624
82747
82187
38845
42092
20557
53761
91388
87274
63092
22635
40478
58979
33638
88171
51266
96482
69327
24396
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in 6 or 8. (If it ends in 8, the preceding
digit is 2; if it ends in 6, the preceding
digit must be 1, 3, 5 or 7 except in the
cases of 6 and 496.) The ancients knew
the first four perfects—6, 28, 496 and
8,128—and from them rashly concluded
that the 6's and 8’s alternated as the
series continued. Scores of mathemati-
cians from ancient times through the
Renaissance repeated this dogmatically,
without proof, particularly after the fifth
perfect number (first correctly given in
an anonymous 15th-century nmnuscript)
turned out to end in 6. Alas, so does the
seventh. The series of terminal digits for
the 23 known perfects is

6,
6

The sequence contains infuriating
hints of order. The first four digits al-
ternate 6 and 8, then 66 and 88 alter-
nate for eight digits, followed by a
meaningless 6, then 888 and the palin-
dromic 6668666. Are the digits trying
to tell us something or is all this ac-
cidental? If we partition the series into
triplets, starting at the left, no triplet
contains three of a kind. If this pattern
continues, the next perfect should end
in 28, but so far no one has found a re-
liable rule for predicting the last digit
of the next, undiscovered perfect. It is
easy, of course, to determine the termi-
nal digit of any perfect number if you
know its Euclidean formula. Can the
reader work out a simple rule?

17.17.29 WITW TKE
75842
50164
55582
35046
78849
51402
31098
04526
00268
00420
97670
80372
51872
40294
21032
52168
21783
78851
09506
20335
15962
13722
74415
22419
66263
48077
20799
60635
39774
01666
30243
67775
86954
04224

13339
71537
16243
65598
79650
90384
62894
71395
71835
37990
13578
12374
99546
70614
17994
60019
15029
65185
42732
17963
18155
42077
68640
36057
61829
27574
86320
87818
72463
50695
22201
36017
67188
32703

31529
34244
25680
23862
05708
50365
67956
17471
93336
05864
94977
144R5
25301
93829
88795
65502
40313
89977
38641
03296
60750
25286
79217
69491
63528
20633
83586
04150
45337
04025
60705
71054
01639
02781

58419
18881
60711
02922
93478
23496
96076
63709
01245
76309
46261
53554
82399
83257
82381
25011
89005
03067
68763
72263
78421
64540
59278
98665
00550
19021
223490
46004
27405
77582
91611
03109
75251
14497

20136
78930
50875
45374
34376
50960
78208
81566
41609
77993
40381
17340
87932
82542
93912
76761
50325
87291
54106
32762
94730
908C5
72006
84576
45476
81630
46757
82865
49002
60450
57174
86144
45447
39449

97873
85350
41682
84258
92069
43976
21297
54916
10777
61927
58563
57972
84825
39211
41966
50371
48531
78418
06458
54086
01543
68383
55437
38873
77180
99191
73599
48287
1338298
91173
49417
63019
97181
80064

18186
80178
10691
75078
01297
25383
74922
17575
17633
23208
84532
63022
71717
16297
12742
77931
19575
43945
63144
55360
64901
97075
27235
92577
92222
87541
85162
71641
89667
14932
67059
26303
46305
18836

62382
939685
94660
01410
72778
66575
50494
36037
45149
13392
79567
00953
64140
92993
21870
78488
11943
89610
47514
40560
42254
06566
0823¢
36066
54318
38915
63437
G4095
38275
07364
90451
09947
65557
80541

The 23rd Mersenne prime, 211,213 ]

Amicable numbers derive from an ob-
vious generalization of the perfects. Sup-
pose we start with any number, add its
divisors to obtain a second number, then
add the divisors of that number and con-
tinue the chain in the hope of eventually
getting back to the original number. If
the first step immediately restores the
original number, the chain has only one
link and the number is perfect. If the
chain has two links, the two numbers are
said to be amicable. Each is equal to the
sum of the divisors of the other. The
smallest such numbers, 220 and 284,
were known to the Pythagoreans, who
considered them symbols of friendship.
Biblical commentators spotted 220, the
lesser of the pair, in Genesis 32:14 as the
number of goats given Esau by Jacob.
A wise choice, the commentators said,
because 220, being one of the amicable
pair, expressed Jacob’s great love for
Esau. During the Middle Ages this pair
of numbers played a role in horoscope
casting, and talismans inscribed with 220
and 284 were believed to promote love.
One poor Arab of the 11th century re-
corded that he once tested the erotic ef-
fect of eating something labeled with
284, at the same time having someone
else swallow 220, but he failed to add
how the experiment worked out.

It was not until 1636 that another
pair of amicable numbers, 17,296 and
18,416, were discovered by the great
Pierre de Fermat. He and René Des-
cartes independently rediscovered a rule
for constructing certain types of ami-
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01360
43709
74608
90716
78532
12071
83425
74156
04395
26249
25767
63010
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BR940
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97832
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43377
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65133
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13827
64572
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28256
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08948
32349
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32843
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72544
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74963
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62002
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94377
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00575
95152
14271
97856
92191
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cable pairs—a rule they did not know had
previously been given by a ninth-cen-
tury Arabian astronomer. Using this rule,
Descartes found a third pair: 9,363,584
and 9,437,056. In the 18th century Eu-
ler drew up a list of 64 amicable pairs
(two of which were later shown to be
unfriendly). Adrien Marie Legendre
found another pair in 1830. Then in
1867 a 16-year-old Italian, B. Nicolo
I. Paganini, startled the mathematical
world by announcing that 1,184 and
1,210 were friendly. It was the second
lowest pair and had been completely
overlooked until then! Although the boy
probably found it by trial and error, the
discovery put his name permanently into
the history of number theory.

Today more than 600 amicable pairs
are known, many of the numbers run-
ning to more than 30 digits. J. Alanen,
Pystein Ore and ]. Stemple, in their pa-
per “Systemzltic Computations on Ami-
‘able Numbers” (Mathematics of Com-
putation, Vol. 21, No. 98, pages 242-245;
April, 1967), list the 42 pairs of ami-
cables in which the smaller number is
less than 1,000,000. The 66 amicables
between 1,000,000 and 10,000,000
were tabulated last year by Paul Bratley
and John McKay with a computer at the
University of Edinburgh, but their list
(which includes 38 new pairs) has not
yet been published. The list at the bot-
tom of the next page is of all pairs small-
er than 100,000. The last pair was a
1964 computer discovery by Howard L.
Rolf of Baylor University.
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All known amicable pairs consist of
two even numbers or (more rarely) two
odd numbers. No one, however, has yet
proved that a pair of mixed parity is im-
possible. Bratley and McKay conjecture
that all odd amicable numbers are mul-
tiples of 3, but this too has not yet been
proved. All even pairs have a sum that
is a multiple of 9, another strange fact
no one seems to understand. There is
no known formula for generating all ami-
cable pairs, nor has it been established
whether the number of such pairs is in-
finite or finite.

If the chain that leads back to the
original number has more than two links,
the numbers have been called “sociable.”
Only two sociable chains are known. In
1918 a French mathematician, P. Poulet,
announced a chain of five links (12,496,
14,288, 15,472, 14,536, 14,264) and a
truly astounding chain of 28 links (a per-
fect number) that starts with 14,316
(move 3 to the front and you have pi to
four decimals!).

The big unsolved question is whether
a “crowd’—a three-link chain—exists.
Alanen, Ore and Stemple, in the paper
cited above, disclose that if there is a
crowd, its lesser number must be more
than 1,000,000. At Edinburgh, Bratley
and McKay are making extensive com-
puter sweeps for crowds, so far without
success. Such searches will surely con-
tinue, useless though crowds may be, un-
til such a triple chain is encountered or
some clever number theorist proves its
impossibility.

]n last month’s illustration of free trees

- with seven points, the two duplicates
are trees 5 and 8. The second starting
position for clock solitaire is a loss. Its
graph is not a tree; not only is it discon-
nected but also one part contains a cir-
cuit.

The illustration at the top of page 126
shows how to draw minimal-length trees
joining the corners of a square and of a
regular pentagon. The dotted angles are
120 degrees. It might be thought that
the two diagonals of a square would pro-
vide an “economy tree” (length 2/2 =
2.828+-) connecting a unit square’s cor-
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ners, but the network shown has a length
of 1 ++/3=2.7324. A proof without
calculus that this is minimal is given
in Hugo Steinhaus’ 100 Problems in
Elementary Mathematics, Problem 73
(Basic Books, 1964). The minimal path
inside a pentagon of unit side is 3.891+.

The minimum tree inside an equilat-
eral triangle has a fourth point in the
triang]e’s center. Minimum trees on regu-
lar polygons of six or more sides are sim-
ply the perimeter with one side removed.
For the general problem of finding mini-
mal networks connecting n points on the
plane—and a technique for finding such
networks by capitalizing on the surface
tension of a film of soap solution—see
Chapter 7 of What Is Mathematics?, by
Richard Courant and Herbert E. Rob-
bins (Oxford, 1941).

It is impossible to do justice to the
many readers who commented on the
short problems given in November. Sev-
eral dozen letters pointed out that the
question about the size of the average
family in Fertilia (where parents stop
having children after the first boy) can
be answered without summing an infinite
series as explained in December. After
one has proved that the ratio of boys to
girls always remains one-to-one, it fol-
lows that in the long run there will be as
many boys as there are girls. Since each
family has exactly one son, there will be,
on the average, also one girl, making an
average family of two children in Fer-
tilia.

In giving C. Dudley Langford’s prob-
lem of arranging n pairs of objects in a
row so that one object separates one pair,
two ()bjects separate another puir, and
so on to n objects between the nth pair,
I said that for n = 7 there were 25 dis-
tinct solutions, not counting reversals as
being different. This figure, taken from a
journal reference cited in December, is
short by one. James Bartow and Gerald
K. Schoenfeld, each working by hand,
found 26 solutions. This was confirmed
by five separate computer programs
written by Malcolm C. Holtje, John

Miller, Robert A. Smith, Glenn F. Stahly

and Thomas Starbird. The first four pro-
grams also found 150 solutions for n = 8.
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There are no solutions unless n is a multi-
ple of 4 or one less. E. ]J. Groth, an en-
gineer with Motorola, Inc., at the Aero-
space Center in Scottsdale, Ariz., used
a program coded in FORTRAN to ex-
tend the count to 17,792 sequences for
n =11 and to 108,144 for n = 12. The
printout for the two sets of solutions is a
stack of about 3,000 sheets.

The problem of cutting and folding a
three-inch square to cover the largest
possible cube was answered correctly if
overlapping is not allowed. I did not add
this proviso, however, not dreaming that
overlapping would permit better solu-
tions. John H. Halton, a mathematician
at the University of Wisconsin, was the
first to send a cut-and-fold technique by
which one can approach as closely as
one wishes to the ultimate-size cube
with a surface area equal to the area of
the square sheet! (Three readers, David
Elwell, James F. Scudder and Siegtried
Spira, each came close to such a discov-
ery by finding ways to cover a cube larg-
er than the one given in the answer, and
George D. Parker found a complete so-
lution that was essentially the same as
Halton’s.)

Halton’s technique involves cutting
the square so that opposite sides of the
cube are covered with solid squares and
the rest of the cube is wrapped with a
ribbon folded into one straight strip so
that the amount of overlap can be as
small as one wishes. In wrapping, the
overlap can again be made as small as
one pleases simply by reducing the width
of the ribbon. Assuming infinite patience
and paper of infinitely small molecular
dimensions, as Halton put it, this pro-
cedure will cover a cube approaching as

1 220 284
2 . 1,184 1,210
3 . 2,620 2,924
4 5,020 5,564
5 6,232 6,368
6 10,744 10,856
7 12,285 14,595
8 17,296 18,416
9 63,020 76,084
10 66,928 66,992
1" 67,095 71,145
12 .
13 B8 ) B

Amicable pairs with five or fewer digits
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automatic division and electric multiplication. It has
an outstanding reputation for sturdiness, simplicity
and accuracy.
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With artificial satellites already launched and
space travel almost a reality, astronomy has
become today's fastest growing hobby.
Exploring the skies with a telescope is a
relaxing diversion for father and son alike.
UNITRON’s handbook contains full-page
illustrated articles on astronomy, observing,
telescopes and accessories. It is of interest
to both beginners and advanced amateurs.

CONTENTS INCLUDE:

Observing the sun, moon, planets and wonders of the sky o
Constellation map « Hints for observers « Glossary of telescope
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Economy trees connecting corners of square and pentagon

closely as desired to the limit, a cube of
side \/3/V/2.

Fitch Cheney, a mathematician at the
University of Hartford, found another
way to do the same thing by extending

| the pattern given in December for cov-

i

ering the maximum cube without over-
lapping. By enlarging the center square
as shown below, he makes the four sur-
rounding squares rectangles and the four

corner triangles correspondingly larger.
The shaded areas, cut as shown, can be
folded as indicated to extend each cor-
ner triangle. (A turns over once, B three
times.) The result: a pattern exactly like
the one given in December except that it
is larger. Since the unavoidable overlap
can be made as small as one wants, it is
clear that this method also approaches

the \/3/V2 cube as a limit,

rd
St - - i i e s A

R o
,
d

Cheney method of folding a square to cover « cube

© 1968 SCIENTIFIC AMERICAN, INC



Live in Pasadena

Work on the Moon...

Right now, the menatJet Propulsion Labo-
ratory in Pasadena, California, are busy
analyzing the Moon-data collected and
sent back to Earth by Surveyor VII. Within
minutes after its successful soft-landing on
January 9, JPl'sunmannedresearch space-
craft was shooting TV pictures under new
lighting conditions and scooping up lunar
soil from the most southerly landing siteyet.

This mission was the last in the series of
seven Surveyor flights and was probably
the most difficult lunar surface probe ever
made by the United States. landing less
than two kilometers from the target area
near the crater Tycho in the rugged high-

And urveyor Vil has eped solve the commuting problems.

lands, Surveyor Vllwas the first to investi-
gate the Moon's "Deep South."” Four of
the previous successful Surveyors landed
in the relatively smooth equatorial belt.
They proved the lunar soil in that area is
in many respects just like Earth soil and
that it will support later astronaut landings.
The most recent flight indicates that the
southern soil should also support astro-
naut landings.

Admittedly, space experts don't know
when men will actually go to the Moon.
It's missions like Surveyor VII that land,
dig, probe, photograph, analyze and ac-
curately report the findings back to Earth

or Venus
or Mars
or Jupiter

which bring this date nearer. And it's men
like those at JPL in Pasadena who work
with, probe and analyze these findings (to
solve outer space commuting problems)
who bring flying to the Moon, Venus, Mars
or anywhere else out there a lot closer.
Send your resume, in confidence, to Mr.
Wallace Peterson, Supervisor, Employ-
ment. He'll personally help solve your
commuting problems.

JET PROPULSION LABORATORY

4802 Oak Grove Dr., Pasadena, Calif.91103
Attention: Professional Staffing Dept. 3

""An equal opportunity employer.” Jet Propulsion Laboratory is operated by the California Institute of Technology for the National Aeronautics and Space Administration.

© 1968 SCIENTIFIC AMERICAN, INC

127



Conducted by C. L. Stong

n amateur who builds a radio trans-
A mitter is likely to measure his
success and pleasure in terms of
the transmission range he achieves. In
such terms there is more pleasure in
talking with another “ham” across the
country than with one in the next coun-
ty, even if the more distant operator
turns out to be a rather dull fellow.
The aim of reaching out ever farther
has spurred amateur radio operators to
extend the range of their apparatus
steadily; it was about five miles in 1900,
rose to 5,000 miles by 1920 and reached
12,000 miles in 1930. The ultimate in
distance was approached recently when
an amateur in Finland communicated
with one in California by means of sig-
nals bounced off the moon. The round
trip was some 500,000 miles.

What next? R. Stuart Mackay, a
physicist and biologist at Boston Univer-
sity, suggests that radio experimenters
shift their enthusiasm to short-range te-
lemetry. Here apparatus the size of a vi-
tamin capsule radiates signals over dis-
tances measured in feet or even inches.
The challenge lies in making the most
of the least.

any NPN J Mallory

germanium
transistor ,—
[

512 Or
equivalent

E

|| 100 pfd.
1l

A simple radio transmiticr
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Little radio

transmitters

for short-range telemetry

Most miniature transmitters carry de-
vices for sensing one or more variables
that may include temperature, pres-
sure, displacement, vibration, accelera-
tion, acidity or alkalinity, bioelectric
potential, fluid flow, radioactivity, light,
color and so on. Miniature transmitters,
equipped with appropriate sensors, have
been shot into the tops of trees, dropped
into deep water, swallowed by various
animals, enclosed in vacuum systems,
ovens, reaction vessels and the rotors
of centrifuges, cemented to the backs
of turtles and tied around the necks of
grizzly bears. Variations in the design
and use of the little transmitters appear
to be limited only by the imagination of
experimenters.

Short-range radio telemetry is fairly
new. When I asked Mackay for the best
way to get started, he lent me the man-
uscript of his forthcoming book: Bio-
Medical Telemetry (John Wiley &
Sons, 1968). The following discussion is
based on that information and on my
own subsequent experiments. I learned
that one needs little experience in elec-
tronics to build successful transmitters
but that the difficulty of construction
varies inversely with the size of the
units. When you attempt to make pea-
sized transmitters, you develop admira-
tion for the kind of craftsman who
makes and repairs watches.

The electrical circuits and basic parts
of the small transmitters are like those
in conventional equipment in all re-
spects except size. The equipment in-
cludes resistors, capacitors, transistors,
dry cells, quartz crystals, coils of copper
wire and so forth. All parts except the
coils can be bought in miniature sizes.
The coils must be wound by the exper-
imenter. Extensive use is made of plas-
tics for forms on which the coils are
wound and for enclosing the apparatus.
Transmitters that are to be immersed in
fluids or swallowed by animals are first
coated with wax and then covered with
silicone rubber. The units are energized

by mercury cells of the kind used in

small hearing aids and electric wrist-
watches.
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I chose the simplest transmitter for
my first experiment. The device is easy
to make, has interesting applications
and usually works on the first try. The
circuit is known to electronic engineers
as a Hartley oscillator [see illustration
at bottom left on this page]. The coil
that is illustrated in the lower part of
the drawing and the capacitor shown at
the bottom form a resonant circuit in
which electrical oscillations occur at a
characteristic frequency. A charge of
electrons, when placed on one side
of the capacitor, tends to distribute it-
self equally on both sides by moving
through the coil from the charged to the
uncharged side. The flow creates a
magnetic field around the coil.

It would seem reasonable to suppose
that the flow would stop after the
charge became equally divided. The
magnetic field is now present, however,
and it must collapse. In collapsing the
field cuts through the turns of the coil
and generates an electric force that
keeps the electrons moving toward the
formerly uncharged side. The situation
soon becomes as unbalanced as it was in
the first place, so that the action revers-
es. The electrons rush back to their ini-
tial position and then are ready for the
next cycle.

Were it not for the loss of some ener-
gy during each transit, the electrons
would slosh back and forth endlessly.
However, some of the energy is spent
during each transit in heating the coil
and the capacitor. Another portion of
energy is radiated by the coil in the
form of radio waves. Still another part is

o il (I
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train of oscillating pulses
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train of rveceived signals

(Signals are actually spaced
much farther apart.)

Comparison of signals



lost when the undulating magnetic field
that surrounds the coil generates alter-
nating currents in nearby conductors.

It is this last part of the energy that
most interests those who experiment
with short-range telemetry, because the
energy is strong enough to actuate a
nearby radio receiver. The oscillations
gradually die away, much as a play-
ground swing eventually comes to rest.
A swing vibrates at a characteristic fre-
quency that depends on the length of
the swing and the strength of the force
of gravitation. Similarly, electrical oscil-
lations in a resonant circuit vibrate at a
frequency that is determined by the
size of the coil and the capacitor.

Swings can be kept going by a series
of periodic pushes. Electrical oscilla-
tions can likewise be kept going in a
resonant circuit by adding charge to the
capacitor each time the current sloshes
back and forth. Periodic charge can be
added by connecting the capacitor mo-
mentarily to a dry cell with a fast-
acting, automatic switch. A transistor
can function as a switch of this kind.

The dry cell is connected to the ca-
pacitor through two electrodes of the
transistor—the emitter and the collector.
Normally the path between these elec-
trodes resembles an open circuit. If a
weak current is made to flow in one di-
rection through the emitter and the
third electrode of the transistor, called
the base electrode, the switch is “on,”
but when the voltage reverses, the
switch turns “off.” The dry cell is then
connected to the capacitor for a mo-
ment until the current again reverses
and turns the battery off. In the trans-
mitter under discussion the alternating
current that activates the transistor is
taken from part of the coil (through a
tap that is connected to the emitter)
and is fed into the base of the transistor
through a one-microfarad capacitor.

This circuit is designed to oscillate
for a brief interval, turn off for a much
longer interval, oscillate again and so
on. The pulsing action arises from an-
other characteristic of the transistor,
which is that the transistor contains an
internal junction between the base and
the emitter; the junction acts as a one-
way valve for electric current. Current
can pass from the base to the emitter,
but it encounters resistance in the op-
posite direction.

Because of this rectifying action,
charge gradually accumulates in the
one-microfarad capacitor. After some
hundreds of oscillations the charge be-
comes so large that it suppresses the
switching action. Oscillation then stops

while the accumulated charge slowly
leaks through the transistor.

Some transistors are leakier than oth-
ers. Those made of germanium leak at a
rate that varies with the temperature of
the device. Indeed, germanium transis-
tors are so responsive to changes in tem-
perature that they make excellent ther-
mcemeters. The circuit under discussion
includes a thermometer of this kind. It
has been used for telemetering the in-
ternal temperature of things as diverse
as the rotor of a centrifuge, a batch of
setting concrete and the gastrointestinal
tracts of animals.

The signals can be picked up by an
ordinary transistor radio placed within a
few feet of the coil of the transmitter,
where the pulsating magnetic field car-
ries the information. Each burst of os-
cillations is heard as a distinct click.
The frequency of the clicks increases
with the leakage of the transistor, and
the leakage increases with temperature.
The unit can be calibrated in terms of
temperature by placing the transmitter
and a thermometer in a beaker of cold
water and making a two-column table
that lists the frequency of the clicks and
the corresponding temperature as the
water is warmed. A calibration graph
is then drawn by plotting click rate
against temperature.

The clicks can be timed with a stop-
watch. When a count is being made, ac-
curacy will be improved if the observer
swings his arm up and down in unison
with the clicks. This trick enables him to
continue the count if he is momentarily
distracted by a burst of incidental noise.
Always assign “zero” to the first click
and simultaneously start the watch:
count “zero,” “one,” “two” and so forth.

My first transmlttex was about the
size of a pack of cigarettes. Smaller ver-
sions were made later. Any germanium
transistor of the NPN type will work
in the circuit illustrated at bottom left
on the opposite page. Any germanium
transistor of the PNP type can also be
made to work by reversing the connec-
tions to the dry cell. The coil can be
made of insulated copper wire of any
size and should be slop-wound. I just
wrapped it around a pencil. Do not
wind the coil as a neat, single layer.

The tap to which the emitter con-
nects can be brought out of the coil as a
short loop. The completed coil can be
coated with epoxy and should be slipped
from the form on which it was wound.
I wound several coils on tiny spools, but
it was a needless waste of time. When
soldering transistors into a circuit, clamp
the leads between the jaws of a pair of
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long-nosed pliers at a point between the
device and the hot joint. The jaws act as
a heat sink and keep the transistor cool.

Soldered connections can be insulat-
ed with a dab of quick-drying cement.
The physical layout of the parts is not
critical. Transmitters of the smallest
size are made by sandwiching the ca-
pacitors and the transistor between the
coil and the dry cell [see top illustration
on preceding page].

Coils of the smallest size are wound
on a Teflon form. One end of a Teflon

switch

avdible modulator

rod, approximately 1/4 inch in diameter,
is machined into a cone that is about
1/4 inch long and 1/16 inch in diameter
at the base and tapers toward the end
about one degree. The conical projection
should be polished. A perforated disk
cut from the same stock slips onto the
tapered projection and should make a
tight fit at a point about 3/32 inch from
the shoulder of the rod. The coil is
wound in the space between the inner
face of the disk and the shoulder. Epoxy
cement is applied as the wire is wound.
The coil is slipped off the form when
the epoxy has hardened. (Epoxy does
not stick to Teflon.)

When winding coils of 40-gauge wire
(.003 inch in diameter) or less, uncoil
the wire from the end of the spool. At-
tempts to pull off the wire by rotating
the spool invite a break. When this hap-
pens, it is almost impossible to locate
the broken end. Insulated wire of 40
gauge and other components for the
transmitter can be bought from Allied
Radio, 100 North Western Avenue, Chi-
cago, Ill. 60612.

Connections can be spot-welded di-
rectly to mercury cells (see “The Am-
ateur Scientist”; SCIENTIFIC AMERICAN,
November, 1966). A miniature solder-
ing iron for making minute splices can
be improvised by brazing a short length
of 12-gauge copper wire to the replace-
able tip of an ordinary electric solder-
ing iron. A hot knife, useful for open-
ing epoxy housings, can be similarly
improvised by brazing the blade from
a pocketknife to a replaceable solder-
ing tip. Fully assembled transmitters are
first embedded in epoxy and then coat-

T+ 4 volts

ed with wax. If they are to be swal-
lowed, they should also be enclosed in
the tip cut from the finger of a rubber
glove and tied with nylon thread, as il-
lustrated.

The performance of the transmitter
can be altered in a number of ways. For
example, the frequency of oscillation
can be increased by substituting a
smaller capacitor for the 100-picofarad
unit specified. (A picofarad is a mil-
lionth of a microfarad.) The frequency
can also be increased by winding a coil
of fewer turns. (The position of the tap
should be shifted in proportion toward
the near end of the coil.)

The frequency of the clicks can be in-
creased or decreased by using a smaller
or larger capacitor in the position of the
specified one-microfarad capacitor. The
shape of the magnetic waves emitted
by the oscillator can be altered either
by shifting the position of the tap on the
coil or by inserting a variable resistor of
approximately 600 ohms in series with
the lead that connects to the emitter.
The strength of the emitted signal can
be increased by applying a higher bat-
tery voltage to the unit.

The time required for the transmitter
to respond to changes in temperature
can be reduced by adding a separate
thermistor to the circuit. The thermistor
must be added if a silicon transistor is
used [see middle illustration on preced-
ing page]. In the transmitter shown the
battery was connected to the center of
the coil to increase the strength of the
signal.

For the quickest response to changes
in temperature the thermistor is mount-

transmitter
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The Hasselblad EL ]
it could be one of the most important research tools you ever buy.

In previous advertisements we
have discussed the many and va-
ried applications for which the
Hasselblad System can be used
in the scientific and industrial
field. We would now like to dis-
cuss a unique combination of
Hasselblad components and
some of the rather unique appli-
cations to which they can be
put.

The camera in question is the
Hasselblad EL, an electrically
driven 2% square, single lens,
reflex camera, powered by one
or two rechargeable batteries,
each battery good for 1000 ex-
posures on a single charge. The
film is wound on and the shut-
ter cocked automatically after
each exposure. Exposures can
be made manually or by remote
control, using either long re-
lease cables or a radio release.
The Hasselblad EL accepts prac-
tically all the accessories that
are available for the Hasselblad
500C (the standard body in the
the Hasselblad System), includ-
ing the 120-12 exposure maga-
zine, the 220-24 exposure maga-
zine, and, of particular interest
with the EL, the 70mm-70 expo-
sure magazine. The Hasselblad
EL also accepts all seven lenses
available in the Hasselblad Sys-
tem, from the extreme wide
angle Zeiss Distagon of 40mm
focal length, 88° angle of view,
with maximum aperture f/4, to
the Zeiss Tele-Tessar of 500mm
focal length, 9° angle of view,
maximum aperture f/8.

Listed below are five particular
and diverse applications for the
EL.

General Instrument Recording

Many Hasselblad EL cameras
are already proving their worth,
in industrial and research insti-
tutions all over the world, as
recording devices for the con-

stant surveillance of instrument
banks and oscilloscope screens
on a 24 hour basis.

By the use of the EL with a lens
of the appropriate focal length,
and the 70 exposure 70mm film
magazine, banks of cameras,
using the Hasselblad remote
control timer, can make a num-
ber of exposures between 2 and
60 intervals for each of 3 time
ranges—seconds, minutes or
hours.

Thus, many valuable man hours
can be saved which would other-
wise be wasted making manual
photographic records.

Hydraulic Engineering

and Fluid Flow Research

The Hasselblad EL is particu-
larly suited to many forms of
fluid flow research and in the
solving of river current and flow
location problems. Banks of up
to 20 Hasselblad ELs are sus-
pended over a scale model of
the river bed or sections of the
ocean floor to be studied. By
floating numbers of white poly-
styrene balls down the model
and illuminating them by mer-
cury vapor lamps, a series of
tracks is formed on the nega-
tives against the black of the
river bed. By computing the
distance of the tracks against a
speed scale included in the pho-
tograph, flow speeds can be
calculated.

By using much smaller plastic
chips and the same photo-
graphic techniques, current pat-
terns are formed at mouths of
rivers, in bays and around struc-
tures in the river.

 —

Obviously, the remote control
features of the Hasselblad make
it extremely useful for this kind
of work, and the use of either
the 70mm-70 exposure, or 220-
24 exposure magazine, allows
the researcher to make many ex-
posures before bringing the
camera down from the roof of
the building. And, unless the
building has an extremely high
roof, (in which case the 80mm-
Planar could be used) the
40mm Distagon will allow the
maximum area to be covered
by each camera.

Materials Testing

Other than the more regular
forms of material testing which
are usually carried out under
ideal laboratory conditions,
there are certain times when
photographs of fractures or
breakages of materials are
needed. Yet, the structures are
inaccessible to a photcgrapher
e.g., the inspection of blast fur-
naces or large capacity wine
storage casks, both containing
large quantities of toxic gas. In
these instances, the lowering of
the EL into the structures to be
tested and the operation of the
camera by remote control, pro-
vides the solution to the prob-
lem. Once again, the use of the
70mm magazine is desirable if
numerous exposures are
required.

Because of the confined space
of the structures, the wide an-
gle lenses available for the
Hasselblad, the 40mm Distagon,
with its 88° angle of view, or
the 50mm Distagon, with its 75°
angle of view, would be most
useful.

Cave Photography & Speleology
A great deal of photography in
cave and cavern research and
its related sciences, palaeontolo-
gy, anthropology and prehistory,
is being done with the Hassel-
blad EL.
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Working conditions are usually
so bad—mud, water and of
course, constant darkness—
that film changes are not only
undesirable but usually impos-
sible. Use of either the 220-
24 exposure or the 70mm-70
exposure magazine will reduce
the number of film changes to
the absolute minimum. Be-
cause of the spacial limitations
of a cave, a wide angle lens is
indispensable. Either the 40mm
Distagon, with its 88° angle of
view, or the 50mm Distagon,
with its 75° angle of view, can-
not be bettered.

Aerial Photography

The Hasselblad EL is also
ideally suited for many phases
of aeronautical research. In
most aerial research photog-
raphy the camera is not
handled by a skilled photogra-
pher, but usually by a flight test
engineer or even, in the case of
a single seat airplane, by the
pilot himself. These people do
not have the time to be con-
cerned with manual operations
such as exposing, winding on
or changing film.

Flight instrumentation record-
ing by remote control operation
of the pre-focused Hasselblad
EL allows for the reconstruction
of flight conditions at pre-deter-
mined intervals during the test
flights.

Numerous accessories are avail-
able for the Hasselblad EL.
These are fully outlined in a 40
page illustrated booklet which
we would be happy to send to
you on request. If you also have
any particular problems of a
photographic nature, please ad-
dress your enquiries to our
Technical Director . . . Paillard
Inc., 1900 Lower Road, Linden,
New Jersey 07036.

HASSELBLAD
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ed either on the surface of the transmit-
ter or externally as a separate unit. The
transmitter can be made responsive
to changes in pressure by suspending
close to one end of the coil a piece of
magnetic material, such as a thin disk of
ferrite. The disk is supported by a flexi-
ble diaphragm [see top illustration on
page 130].

The disk can be sawed from the end
of a cylindrical “loop stick.” Such sticks
are available from dealers in radio sup-
plies. The diaphragm can be cut from
any thin sheet of plastic (such as Saran
Wrap) that is relatively impermeable
and assembled in the cavity of a coil
form machined from a plastic rod.

Increases in the pressure of a fluid
in which the transmitter is immersed
move the ferrite disk toward the coil,
thus increasing the inductance of the
coil and lowering the frequency of the
radiated signal. The inward motion of
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the diaphragm also compresses the
trapped air, creating a restoring force
that moves the ferrite away from the
coil when the external pressure falls.
Changes in pressure are sensed by the
receiver as changes in frequency of
the radiated signal. The tuning dial of
the receiver can be calibrated according-
ly. The transmitter, when so constructed,
can be used simultaneously for teleme-
tering both temperature and pressure.

Although almost any radio receiver
will pick up the signals, some receivers
work better than others. The best ones
must be found by trial. Take a transmit-
ter into a radio store and try it on an
assortment of receivers. Select for ad-
ditional test those receivers that tune
most sharply and appear to be most sen-
sitive.

Take these receivers outside the
building. In large cities some of the re-
ceivers will pick up several interfering
broadcasting stations at the same time.
Buy the one that is most selective. Usu-
ally little correlation is found between
size, price and quality. Many experi-
ments can be conducted in which the
receiver is within two or three feet of
the transmitter. In such experiments
signals of adequate strength are picked
up by the antenna built into the receiv-
er. Depending on the physical arrange-
ment of the experiment, however, it
may be desirable to equip the receiver
with a loop antenna consisting of one or
more turns of wire connected to the in-
put terminals of the set. When one is
making studies of caged animals, for ex-
ample, a loop antenna can be installed
inside the cage, or below it if the bot-
tom of the cage is made of insulating
material.

Occasionally the experimenter may
be interested only in the location of a
free-ranging animal—for example such
burrowing animals as gophers and
moles. Here wires can be stretched
over the ground in an even pattern that
will ensure a wire’s being near the ani-
mal at all times, so that a clear signal is
consistently obtained. (It is not difficult
to improvise a small, comfortable har-
ness for attaching the transmitter to a
captured animal that is then released.)

To pinpoint the position of a trans-
mitter within a given area the exper-
imenter can stretch insulated wires in
the form of slender, hairpin loops that
form a pattern of crossed grids over the
area. The loops should be about two
feet wide; they can be hundreds of feet
long. A transmitter that is within a foot
or so of the intersection of two loops
will generate a clear signal in each
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one. The observer pinpoints the location
of the transmitter by connecting the re-
ceiver to each of the loops in sequence.
The connections can be made by hand
or, preferably, with an automatic switch-
ing mechanism.

Large animals that range over many
square miles are tracked by transmitters
more powerful than those that send out
conventional radio signals. The fre-
quency of these transmitters should be
controlled by quartz crystals. The ac-
companying illustration [bottom of page
130] shows the circuit of a transmitter
that has an effective range of several
miles. The quartz crystal, which is desig-
rated X in the illustration, determines
the frequency of the radiation.

Highly directional antennas that re-
semble television receiving antennas
can be used to follow an animal that car-
ries a transmitter of this type. Two such
antennas, spaced a known distance
apart, are turned to the direction from
which the signal is loudest. The position
of the animal with respect to the ob-
server is then calculated by triangula-
tion.

A number of legal considerations
must be observed by experimenters
who operate radio transmitters of any
kind or size. The regulations are altered
from time to time, so that it is not possi-
ble to summarize them here. Informa-
tion about them can be obtained from
Ben F. Waple, Secretary, Federal Com-
munications Commission, Washington,
D.C. 20554.

Sensors of many kinds can be built
into transmitters. Their variety is sug-
gested by two examples. One unit,
which can be made small enough to
pass through the gastrointestinal tract of
some large animals, measures and trans-
mits pH—the relative acidity or alkalini-
ty of surrounding fluids.

The active sensing elements of the
device include a small but otherwise
conventional glass electrode and a sil-
ver chloride reference electrode. Poten-
tials developed across the electrodes are
amplified by an electrometer circuit that
employs a field-effect transistor. The out-
put of the electrometer modulates the
transmitter. This device is somewhat
complex and not easy to construct.

At the opposite extreme is a trans-
mitter that senses sound. Requiring no
battery, it is powered by an external
transmitter. Radio energy picked up by
the antenna enters a small metallic cavi-
ty that is tuned, much like an organ
pipe, to resonate at the frequency of a
selected beam of radio waves. Sound
waves that impinge on the thin metallic



AIRFRAME AND VIECHANICAL DESIGN

Responsibility for the design of all proto-
type and production aircraft built at the Fort
Worth Division of General Dynamics rests
with this Department’s design engineers,
who are in close contact with their projects
through fabrication, assembly, laboratory
and flight test phases.

Structural Design deals with primary
structural requirements for aircraft and mis-
siles. In addition to structural design, prob-
lems in the general areas of materials selec-
tion, aerodynamics, heat transfer, vibration,
and mechanics of machinery must be consid-
ered before a sound airframe design can
evolve.

Mechanical Equipment Design includes
the design of mechanical systems and com-
ponents, of manual controls, of armament
and special weapons installations, and of
crew accommodations and escape.

Propulsion and Fluid Systems carries
hardware responsibility for the total propul-

sive and fluid systems, including fuel supply
and management, power plant installation
design, air induction systems, air condition-
ing systems, and hydraulic and pneumatic
systems.

Liaison Engineering aids in solving aircraft
mock-up and production problems and rec-
ommends changes to drawings as required.

Find room for thought and career poten-
tial . . . and room for better living in smog-
free Fort Worth, where the cost of living is
low, and where metropolitan advantages
exist alongside year-around outdoor recrea-
tional areas in a temperate climate.

Call Collect — 817-732-4811, Extension
3551; or send a resume of your education
and experience to Mr. J. B. Ellis, Industrial
Relations Administrator-Engineering, General
Dynamics, Fort Worth Division, P. O. Box
748C, Fort Worth, Texas 76101. An equal
opportunity employer — U. S. citizenship
required.

GENERAL DYNAMICS

Fort Worth Division
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CER-VIT AND BROAD-BAND COATING -

ANOTHER QUESTAR “FIRST”

Part of our job in making the world’s
finest and most versatile small telescope
is continually to be aware of the new
materials and techniques that can improve
the performance and convenience of our
product. Now we are making Questar
mirrors of Cer-Vit, that fabulous sub-
stance which has essentially no thermal
expansion, surpassing even quartz in its
stability.

And to augment the efficiency of a
Cer-Vit mirror we apply a broad-band
dielectric coating that increases its reflec-
tivity to 99%. Further, to reduce the light
loss at each surface of the front lens to
less than 1/10 of 1%, a VLR (very low
reflection) coating is applied which trans-
mits all frequencies of the visible spec-
trum. With this combination total light
grasp is increased by approximately 22%.
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A Cer-Vit mirror is used in the 7-inch
Questar, shown above, a new instrument
of the same superfine quality that has
given Questar its world-wide reputation.
Each one that leaves our hands is star-
tested and will resolve .5 second of arc.

At lower left the Duplex 3%-inch
Questar is shown in its handsome leather
case —contained in one cubic foot of
space, a complete portable observatory
that when needed for terrestrial use alone
can be quickly converted to the Field
Model.

Questar, priced from $795, is described
in our newest booklet which contains
more than 100 photographs by Questar
owners. Send 31 for mailing anywhere in
No. America, By air to rest of Western
Hemisphere, $2.50; Europe and North
Africa, $3.00; elsewhere, $3.50.

QUESTAR

BOX120. NEWHOPE. PENN.18938
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A passive transmitter

diaphragm closing the cavity cause the
diaphragm to vibrate and thus alter the
natural resonant frequency of the cavi-
ty. This change, in turn, alters the
strength of the signal that is reradiated
by the antenna.

Devices of this kind that need no lo-
cal source of energy are known as pas-
sive transmitters. Sounds that are within

| the transmission range of the reradiated

| failure,

signal can be heard in a radio receiver.
A minute transmitter of this type, with
an impressive transmission range, made
international news in 1960 when Am-
bassador Henry Cabot Lodge reported
to the United Nations its discovery in a
wall hanging of a U.S. embassy.

My experiments have been made
mostly with transmitters of the Hartley
type. I have had only one brush with
but even this experiment
turned out well. With the cooperation
of a local veterinarian, I fed a tempera-
ture-sensing transmitter to my dog. The
animal emitted gratifying clicks for two
days, and I started to draw a graph of
variations in temperature along his gas-
trointestinal tract. On the third day the
transmissions mysteriously ceased. I im-
mediately assumed that the transmit-
ter had failed. Later, however, I went
around my yard carrying my receiver. In
a far corner of the front lawn the signals
came in loud and clear!



IMPERIAL

If you want more

Welcome to a
totally new
driving environment.

In Imperial, you don’t just see
luxury. You experience it.
You feel it in a front seat
that adjusts to you, not vice
versa. It is actually three seats
in one—a 5-foot wide sofa which
adjusts into twin armchairs,
or an armchair plus recliner.
You feel it in the response of
a 440 cubic inch V8—largest ever
offered by Chrysler Corporation.

You feel it in the
incomparable torsion-bar ride.

What you don’t feel is bore-
dom. You can order an 8-track
stereo tape player that plays
through five speakers. Or an
AM/FM radio that tunes itself.
Or Auto-Temp air conditioner
that maintains the temperature
you select—winter and summer.

On long drives, set the

IMPERIAL
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than luxury in your luxury car

Imperial Crown Four-Door Hardtop Interior

optional Auto-Pilot speed
control, readjust the seat,
assume a new position. Relax.
The tensions of mind and
muscle are soon forgotten.
This year, get more than
luxury in your luxury car.
Drive the 1968 Imperial,
finest automobile built by
Chrysler Corporation.

aH
¥
CHRYSLER

MOTORS CORPORATION



Remington Rand office systems
keep accurate records —and retrieve
them at the touch of a button.

The words New Holland, Remington, Remington Rand, Sperry, Sperry Rand,
Univac and Vickers are trademarks of Sperry Rand.

Remington

electric shavers

can do anything you
want to a beard.
They're the shavers
with the dial.

Our New Holland farm machines
cut the hay, bale it, and perform
dozens of other farm chores.

¥
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Jet pilots

depend on Vickers
hydraulic systems
to activate

flight controls,
landing gear,

etc.

Univac computers
help radars keep track of
several targets at once.

We're synergistic.

Which means we do all sorts of different things at Sperry Rand.
And we do each one better because we do all the rest.

Take our Sperry flight control systems for jet airplanes. One rea-
son they're so compact is because of what we learn about miniaturi-
zation from making Univac computers. And vice versa. We learn
things from control systems that help us make better computers.

This kind of technical rub-off works across the board — from Rem-
ington electric shavers to New Holland farm machinery to Sperry ra-
dars. Every time we solve one problem, we're in a better position to
solve other problems.

And so it goes, gathering momentum. Creative momentum that
affects every department at Sperry Rand.

It makes us bigger than the sum of our parts, like 2 plus 2 coming
out 5. And that’s synergistic.

.JLWe’re Synergistic.
VseERRY RAND

S

© 1968 SCIENTIFIC AMERICAN, INC



Keep Up with the Changing World of Mathematics / Physics / Chemistry / Astronomy / Biology
Archaeology / Genetics / Anthropology / Technology / Space Flight / Computers / Evolution

Take Any 3
Worth = *54.35
for only $5.95 for all three

with a short, experimental

THE LIBRARY OF SCIENCE

The Suggested Trial: Simply agree to purchase 3 additional Selections dur-
ing the coming year, all at special reduced Member's Prices at savings
up to 40%. (Then get a free Bonus Book as well!)

of these
books

membership in

3416. APPLIED COMBINATORIAL MATH-
EMATICS. Edwin F. Beckenbach, Edi-
tor. The ““who’s who”’ of combinatorics
contribute to this useful and lucid vol-
ume on the mathematics of orgamzed-
complexity problems, as based on
algebra and number theory. Publlsher s
Price $13.95

3623. BIOCHEMISTRY. Ernest R. M. Kay.
Brilliant demonstration of the life proc-
ess in terms of the chemical events
that underlie the remarkable interde-
pendence of structure and function in
living cells. Publisher’s Price $7.95.

4207. DEVELOPMENT OF MODERN CHEM-

ISTRY. Aaron J. Ihde. Panoramic his-
tory of the past two centuries, as chem-
istry became the science we know today.
851 pages. Publisher’s Price $13.50

4320. THE EARTH. Carl O. Dunbar. The
dean of American geologists reviews all
that we know about the development of
the earth and the perennial mystery of
its origins. Publisher’s Price $12.50

4436. ELEMENTS OF ABSTRACT ALGEBRA.
Richard A. Dean. Superb, newly pub-
lished presentation of the challenging
branch of modern mathematics whose
foundations lie in the theory of groups.
Publisher’s Price $7.

4494. ENCYCLOPEDIA OF PHYSICS. Rob-
ert M. Besancon, Editor. Indispensable
one-volume reference work covering all
standard and advanced topics in phys-
ics. 316 articles by 320 prominent con-
tributors. Publisher’s Price $25.00
Counts as two choices.

4620 ESP: A SCIENTIFIC EVALUATION.

E. M. Hansel. The first book to scien-
nfma]ly appraise the mounting evidence
for psychic phenomena, especially the
‘‘laboratory’’ experiments that appar-
ently make the case for ESP. Pub-
lisher’s Price $6.95

4667. EXCURSIONS IN NUMBER THEORY
/MATH DIVERSIONS. A well-selected col-
lection of fascinating aspects of num-
ber theory by C. S. Oglivy and John T.

ENROLL NOW TO RECEIVE UP TO $54.35 WORTH

OF BOOKS ON SCIENCE FOR ONLY $5.95

The Library of Science

3416 4494 4890

3623 4620 5210

4207 4667 5338

4320 4834 5529

4436 4887 5530
GUARANTEE:

cITY . STATE

Front and Brown Streets, Riverside, N.J. 08075

Please enroll me as a Trial Member and send the 3 books, whose numbers
I have circled below, for only $5.95 plus shipping.

As a Trial Member, I need accept as few as 3 more Selections during
the next 12 momhs always at reduced Member’s Price plus shipping.
and I may cancel Membershxp any time thereafter. Each month I will
receive a Newsletter describing the forthcoming Selection, along with a
convenient form for requesting Alternate Selections or no book at all.

1 also understand that I may choose a free Bonus Book for every 4
Selections purchased. (Introductory Offer counts as the first Selection.)

Three Books for only $5.95 (circle numbers):

If, after examining the volumes of your choice, you are
not completely satisfied, you may return all books within 10 days and
your Membership will be cancelled. Pay nothing—owe nothing.

Flease be sure to indicate correcr zip code

5554 5810 6396
5628 5864 6436
5631 5940 6860
5634 6036 8383
5773 6153 8436

TP CODE. ycuvrnrinmnn

Anderson, and delightful, wide-ranging
and historically famous math problems
compiled by J. A. H. Hunter and Joseph
S. Madachy. Publisher’s Price $9.95
Two books count as one choice.

4834. FAMOUS PROBLEMS OF MATHE-
MATICS. Heinrich Tietze. Brilliant pres-
entation of modern and classic prob-
lems in mathematics, including Fermat's
last problem, trisecting an angle and
many more. Publisher’s Price $10.00

4887. FOUNDATIONS OF PLASMA DYNAM-
ICS. E. M. Holt and R. E. Haskell.
Extremely lucid outline of the funda-
mentals of this spectacular new branch
of physics. Publisher’s Price $12.95

4890. FRIENDSHIP AND FRATRICIDE.
Meyer A. Zeligs, M.D. Psychoanalytic
insights applied to the protagonists in
the Hiss-Chambers case by an eminent
clinician. Publisher’s Price $8.95

5210. GUIDE TO MATHEMATICS FOR THE
INTELLIGENT NON-MATHEMATICIAN.
Edmund C. Berkeley. Leads the non-
mathematician painlessly through def-
inite and indefinite numbers, calculus,
the ‘“New Math’ and more. Publisher’s
Price $6.95

5338. HISTORY OF TECHNOLOGY, Vol-
ume IV: The Industrial Revolution.
Charles Singer, E. J. Holmyard, A. R.
Hall, Trevor I. Williams, Editors. Pano-
ramic view of the Industrial Revolution
from 1750 to 1850 which ushered in our
modern era. Publisher’s Price $26.90

5529. INFORMATION, COMPUTERS, AND
SYSTEM DESIGN. Ira G. and Marthann
E. Wilson. Comprehensive overview of
systems concepts in the light of infor-
mation theory. Publisher’s Price $12.50

5530. INFORMATION STORAGE AND RE-
TRIEVAL. Becker and Hayes. Outstand-
ing guide that covers information sys-
tem theory and design, man-machine
relanonshlps much more. Publisher’s
Price $11.9

5554. IN SEARCH OF THE PRIMITIVE.
Lewis Cotlow. Fascinating glimpses of
the customs and lore of primitive peo-
ples whose way of life is fast vanishing
under the onslaught of civilization.
Publisher’s Price $8.95

5628. INTRODUCTION TO LINEAR AL-
GEBRA. Marvin Marcus and Henryk
Minc. Rigorous, lucid treatment of fun-
damental concepts of linear algebra
and matrix theory which introduces
p;agcstical applications. Publisher’s Price

5631. INTRODUCTION TO PROBABILITY
AND STATISTICS. B. W. Lindgren and
G. W. McElrath. Clearly presents the
basic ideas of statistics and probability,
illustrated with many easily understood
problems from many disciplines. Pub-
lisher’s Price $7.9

5634. INTRODUCTION TO MATHEMATI-
CAL STATISTICS. Robert V. Hogg and
Allen T. Craig. Answers the question
that crops up in all fields of science:
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‘““What are the odds against it?’’, and
gives the mathematical methods for
;gagcshing that answer. Publisher’s Price

5773. NUMBER: THE LANGUAGE OF SCI-
ENCE. Tobias Dantzig. ‘“The evolution
of mathematical thought from the earl-
iest times to the latest constructions is
presented here with admirable consist-
ency and in a wonderfully lively style.””
—Albert Einstein. Publisher’s Price $6.95

5810. LECTURES ON ELEMENTARY NUM-
BER THEORY. ‘A highly original, ex-
citing, and readable mtroductlon to the
many aspects of number theory.””—Mel-
vin Hausner. Publisher’s Price $7.75

5864. LINEAR PROGRAMMING. N. Paul
Loomba. Definitive explanation of to-
day’s most widely used programming
technique. Publisher’s Price $8.50

5940. MACHINERY OF LIFE. Dean E.
Wooldridge. Brilliant exposition of the
thesis that the biological development
of life is an inevitable result of the
operation of the laws of physics. Pub-
lisher’s Price $7.95

6036. MAN'S PLACE IN THE DYBO-
SPHERE. Richard R. Landers. A chal-
lenging exploration of the brave new
world which machines that ‘‘think"
have created — and will create — for
modern man. Publisher’s Price $5.95

6153. ELEMENTARY MATRIX ALGEBRA.
Franz E. Hohn. Provides a concrete
understanding of matrix theory and
of the applications to fields from indus-
trial ‘“‘transport’’ problems to atomic
physics and game theory. Publisher’s
Price $8.50

6396. THE NATURE OF SOLIDS. Alan
Holden. Lucid treatment of heat, sym-
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by Vietor F. Weisskopf

THE Poritics oF Pure Science, by
Daniel S. Greenberg. The New Ameri-
can Library ($7.95).

he pursuit of pure science has be-

come an expensive activity. The

U.S. annually spends roughly $3
billion on pure science, that is, science
that is not directed toward any practical
application. The line between pure and
applied science is somewhat arbitrary;
the amount is the official one quoted by
Government sources, and it may include
a good deal of money spent for research
that some people would consider to be
applied. Let us not, however, be too
alarmed by the figure. It is less than .4
percent of the gross national product
and a rather small investment in a highly
successful venture. Two-thirds of the
money comes from the Federal Govern-
ment in one form or another. This heavy
dependence of basic science on finan-
cial support from Washington has intro-
duced a new sociological element into
the life of the scientific community. Only
some younger scientists have the privi-
lege of devoting all their time to pure
science or teaching. Most of the senior
people and an increasing number of the
younger ones cannot concentrate exclu-
sively on science. They must spend part
of their time—sometimes most of it—on
the difficult, complicated and perhaps
disagreeable task of getting money from
the Government. This activity is almost
synonymous with “politics.” Thus we
have a new phenomenon: the politics of
science. That is the topic of the book
reviewed here.

The review is divided into two parts.
The first deals with the book itself, the
second with the problems it raises. The
author is an editor of Science, the official
magazine of the American Association
for the Advancement of Science. He is
responsible for the magazine’s news sec-
tion, which reports on political aspects
of science. Under his editorship this sec-

BOOAS

Is pure science doomed

to decline in the U.S.?

tion has become lively reading. It tends
to emphasize what one might call the
scandals in the relationship between sci-
entists and the rest of society. In the
news section of Science this emphasis is
not necessarily a bad thing; at least it is
counterbalanced in the rest of the maga-
zine by a solid fare of purely scientific
articles and also by editorials that,
whether or not one agrees with them,
thoughtfully consider important issues.
Greenberg’s book similarly emphasizes
the frailties of the scientific community.
It is not, however, much counterbal-
anced; positive achievements are con-
ceded only grudgingly. Indeed, Green-
berg is scornful of assertions that basic
research is important: “When the states-
men of pure science proclaim that pure
science is the locomotive of contempo-
rary society, their sincerity is equaled
only by their lack of evidence.”

The book begins with a description of
the scientific community. Greenberg re-
gards this community with the air of a
man who has studied a strange tribe that
is quite different from the rest of human-
ity, and he finds the members of the tribe
terribly impressed with themselves. As
he puts it: “Let this be observed of sci-
entists: Greater chauvinism, xen()ph()bia,
and evangelism hath no professional.”

It should be said that Greenberg does
know a lot about the scientific tribe and
its institutions. His description of how
science has been supported in the U.S.
is quite interesting. He gives a vivid ac-
count of how before World War II re-
search was carried out on a shoestring,
and how during the war physical science
suddenly became “important.” He is
somewhat confused in a chapter on post-
war events: the efforts of scientists to se-
cure international control of atomic en-
ergy abroad, civilian control at home and
financial support of basic science in the
universities. He is more successful in tell-
ing the amazing story of how Ameri-
can science gained financial salvation
through the armed forces. One never
ceases to marvel that the Navy and the
Air Force lavishly support pure science
of all kinds, including some of the most
esoteric, and yet regardless of possible
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military applications leave the scientist
complete freedom of research. One feels
that it is wrong to have basic science sup-
ported by the military, but it is difficult
to find evidence of bad effects. An in-
teresting clmpter.

The following chapters, however, con-
firm one’s feeling that Greenberg is em-
phasizing the negative. As he describes
the financial support of science today he
loves to tell us about the quarrels, the
ambitions and the weaknesses of scien-
tists. He is most eloquent when he has
dug out some unhappy tale. For exam-
ple, one of the main themes in his chap-
ter “High Energy Politics” is the tragic
story of the “Mura” project, an attempt
by a group of Middle Western univer-
sity physicists to get financial support
for the construction of a large particle
accelerator of high intensity rather than
high energy. The attempt was fruitless,
and the story is not one of the most at-
tractive episodes in science politics.
High-energy physics did not, however,
suffer too much from the project’s lack
of success. It may even be that the fail-
ure of the aMura group is an example of
how well the clumsy system of forces
and counterforces, committees and coun-
tercommittees can function.

Greenberg has a long chapter on the
fiasco of the “Mohole” project, the at-
tempt to organize the eftort of drilling a
hole through the ocean floor. This project
came to naught because of an unusual
display of shortsightedness and thought-
lessness; it is therefore an attractive sub-
ject for Greenberg. He tells the story
with great zest, and he makes sure that
geophysicists appear to be an irresponsi-
ble group that dreamed up a multimil-
lion-dollar project on the spur of the mo-
ment simply to attract attention to their
field. In actuality the project was care-
tully examined before it was proposed,
and the conclusion was drawn that it
would lead to important fundamental
knowledge about the structure and his-
tory of our planet. Unhappily the proj-
ect was thoroughly mismanaged by
those who should have carried it out. Its
demise is a great loss.

Perhaps Greenberg should not be
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blamed too much for his critical attitude.
It is always instructive to study short-
comings and failures. In general his stor-
ies seem to be factually correct (apart
from a few glaring exceptions). His in-
terpretation of motives, however, is often
biased and misleading. It gives a distort-
ed picture of the scientific community
and its mode of operation. This is all the
more dangerous because the ccmmunity
is currently in a precarious position be-
fore a justly critical public that is wor-
ried about the lack of controls in the use
of tax money for the basic sciences. After
all, the only people who can judge the
value of a project in pure science are the
scientists themselves. Hence the only
control on the effectiveness of projects
financed by the taxpayer is exerted by
the recipients of the money. Nonetheless,
it is remarkable how well this peculiar
system has worked. Today the achieve-
ments of science in the U.S. are more im-
pressive than they are anywhere else, a
fact that may be related to generous
spending. The percentage of mediocre
work is also lower here than anywhere
else, a result that is independent of the
amount of money spent.

Ambitions, pressures and shady poli-
tics in Wzlshingt()n are not a m()n()p()]y
of scientists. Still, there is one difference
between scientists and other pressure
groups. Scientists surely fight not only
for the sake of science but also for their
own ambitions and for influence and
power. They do not, however, fight for
financial profits. Greenberg concedes
this point; indeed, he admires the eftec-
tiveness of science’s disorganized proc-
ess of self-control. Thus it is all the more
puzzling that he is so fascinated by fail-
ures, machinations and scandals and less
interested in achievements.

His last chapter deals with the prob-
lems the scientific community will face
in the future in its demands for continu-
ing support. He speaks of a “new politics
of science” in which the going will be
much rougher, not only because of the
war in Vietnam but also because of a
mounting dissatisfaction with the way
funds are distributed to science. As an
example he tells the story of the diffi-
culties the National Institutes of Health
have encountered in recent years, when
their methods of distributing funds have
been sharply criticized. This institution
has an excellent record of constructive
work and patronage; nevertheless, it
came under bitter attack after its budget
had risen to more than $1 billion a year
(not all of which went to pure science).
At the end of the book Greenberg gives
the scientific community some advice on
how to improve the image of science be-
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fore the public. Much of his advice is
worth heeding, in particular his remark
that scientists should try harder to for-
mulate “just what it is that science con-
tributes to society.”

Let me try in the second part of this
review to set forth a few thoughts in this
direction. Why should the Government
use the taxpayer’s money to support
basic science? In most other areas of
public spending Congress and the people
can judge (or believe they can judge) the
value and the implications of what pub-
lic money is spent for; they believe they
can find out whether the money was
spent well or not. When it comes to basic
science, however, they are not able to
judge the quality and relevance of what
they get for their money, and they are
well aware of it. Only scientists them-
selves can gauge a project’s importance
and its success or failure. They are re-
cipients, administrators and judges all
at the same time. The trouble comes
from the fact that the layman cannot un-
derstand science well enough to make
responsible judgments. He may have a
rough idea of what is going on, but he is
far from able to evaluate new scientific
developments. It is a most unusual and
most irritating situation.

The problem has become acute only
during the past two decades. Before the
war the cost of basic research was so low
that it could be borne by private sources
and by public money earmarked for edu-
cation. That is no longer so. The figure 1
have cited for the annual expenditure on
basic science in the U.S., $3 billion, is too
much for such sources. To be sure, it is
not much compared with the $13 billion
per year we spend on alcoholic bev-
erages, the $8.4 billion we spend on to-
bacco and the more than $3 billion we
spend on “durable toys, sports equip-
ment, pleasure boats and pleasure air-
craft.” I shall leave aside the $30 billion
per year we now pay for our tragic in-
volvement in the war in Vietnam.

I mention these figures in order to sug-
gest why we should do away with one
popular argument against basic science,
which goes as follows: It is immoral to
spend so much money on something that
has no immediate use and is of interest
only to a very small community when
money is needed for the antipoverty pro-
gram, for social services and for the re-
habilitation of cities. This argument de-
rives its strength from the fact that we
spend even less on the war against pov-
erty than we do on basic science. This is
a shameful state of affairs that should be
changed. The problem must, however,
be put in a different form. Clearly the
support of basic science is less urgent
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than the war against poverty. That is not
the question; all we need to show is that
basic science is more important than,
say, 15 percent of drinking, smoking and
“durable toys.”

Even this may be a difficult task. We
should distinguish between two groups
of basic sciences. One group I would call
the “obviously applicable” kind of sci-
ences. The other is the not so obviously
applicable kind for which I shall use the
term “frontier” sciences, without mean-
ing to imply that the sciences of the first
kind are not also scientific frontiers. The
first group includes molecular biology,
solid-state physics, plasma physics and
so on. These disciplines function as pure
sciences, that is, they are pursued with
the aim of discovering basic phenomena
and without any practical applications in
mind. Still, it is obvious that any progress
in molecular biology will be relevant to
some medical problem, that any deeper
understanding of the solid state will be
helpful for the production of metals and
synthetic materials, and that plasma
physics will eventually enable us to ex-
ploit the energy of nuclear fusion. The
second group includes elementary-par-
ticle physics (usually called high-energy
physics), galactic and extragalactic as-
tronomy (today the astronomy of the so-
lar system is obviously applicable!), cos-
mology and so forth. These sciences deal
with distant objects; elementary parti-
cles in the modern sense are also “dis-
tant,” since mesons and baryons appear
only when matter is subjected to ex-
tremely high energies that are normal-
ly not available on the earth but are
probably found somewhere else in the
universe. The “distant” feature of these
sciences is what makes them expensive.
It costs money to create conditions in the
lzlb()mt()ry imitating conditions that may
exist only in some exploding galaxy.
It costs money to build instruments for
studying the limits of the universe. In
short, these sciences do not have obvi-
ous applications because they deal with
phenomena that do not occur on the
earth.

The problem of public support is quite
different for the two groups of sciences.
Support for the first group is no problem
at all. Tt is true that even in these sci-
ences only scientists are able to judge
the results of their work; therefore the
scientific community has been both the
recipient of funds and the distributor,
and will have to remain so. The system
has worked fairly well and has produced
remarkable results. It is well known that
these results have had a heavy impact
on medicine and technology. Everyone
wants cures for cancer, everyone wants



an economic method for desalting sea-
water, everyone understands the neces-
sity of basic research of the first kind for
these results and others, such as more
effective methods of birth control, the
production of new foodstufts, cheap en-
ergy and, last but unfortunately not
least, new weapons of war. There will al-
ways be money for basic science of the
first kind. It will sometimes be too little
and sometimes even too much, but there
is no fundamental problem in convincing
the nonscientist of the importance of
these sciences for many practical aims.

The situation is different with the sec-
ond group of sciences. There are two
aspects to these sciences. Let us take
high-energy physics as an example. One
aspect is that the research is directed
toward the innermost structure of mat-
ter and therefore is looking for the most
fundamental laws of nature that govern
the behavior of matter. It seeks the rea-
sons for the existence of electrons, pro-
tons and neutrons and for their having
the properties they exhibit. The other
aspect is that sciences such as high-en-
ergy physics uncover a new world of
natural phenomena unknown to us be-
fore. When matter is bombarded with
particles that have energies of billions of
electron volts, it exhibits phenomena of
a completely novel character. The pro-
ton and the neutron are transformed into
new and formerly unknown states (often
referred to as unstable new elementary
particles) and a great variety of different
mesons are created. A world of new par-
ticles, reactions and interactions is about
to be discovered that represents a be-
havior of matter very unlike phenomena
on the atomic and nuclear scale. The
same is true in regard to the other “fron-
tier” sciences such as astronomy and cos-
mology.

One must grant that the first aspect is
exciting primarily to the scientists in-
volved, since only they can sense and
evaluate the fundamental nature of the
discoveries. To the outsider the second
aspect also has a rather esoteric charac-
ter. It seems to have no connection with
the rest of our activities and vital inter-
ests. To be sure, these discoveries are in-
teresting, sometimes even fuscinuting, as
when cosmology touches on questions
such as “Did the world begin with a ‘big
bang’?” Still, the ordinary citizen may
feel that he can live without this excite-
ment and that it does not seem worth
several hundred million dollars a year.
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tor other sciences and technology. Clear-
ly on Weinberg’s scale the “obviously
applicable” sciences weigh much more
than the “frontier” sciences. The sciences
of the first group deal with objects that
have been under study for a long time
and belong to the human environment.
That is why these sciences are relevant
to each other and to technology. The
argument against the sciences of the sec-
ond group is that they deal with prob-
lems far removed from the human en-
vironment and are therefore of minor
social relevance.

I believe this point of view is thor-
oughly inconsistent. What is the human
environment? Ten thousand years ago
there were no metals in the human en-
vironment. Metals are rarely found in
pure form in nature. After man discov-
ered how to create them from ores, how-
ever, they played an important role in
his environment. The first piece of cop-
per must have looked very esoteric and
useless. In fact, man for a long time used
it only for decoration. Later the intro-
duction of this new material into man’s
ken gave rise to interesting possibilities
that ultimately led to the dominant role
of metals in his environment. In short,
we have created a metallic environment.
To choose another example, bulk elec-
tricity in nature is rare; it appears only
in lightning and in frictional electrostat-
ics. It was not an important part of the
human environment. After long years of
esoteric research into minute effects it
was possible to recognize the nature of
electrical phenomena and to find out
what a dominant role they play in the
atom. The interaction of these new phe-
nomena with the human world created
the completely new electrical environ-
ment in which we live today.

The newest example is nuclear phys-
ics. In the early days prying into the
nucleus was considered a purely aca-
demic activity, directed only toward the
advancement of knowledge about the
innermost structure of matter. In 1933
Lord Rutherford said (he is quoted in
Greenberg’s book): “Anyone who ex-
pects a source of power from the trans-
formation of these atoms is talking moon-
shine.” T imagine his conclusion was
based on the same kind of reasoning 1
have cited above: Nuclear phenomena
are too far removed from the human en-
vironment. It is true that, apart frecm the
comparatively small contribution of nat-
ural 1'ndi()activity, nuclear reactions must
be artificially induced with costly fluxes
of energetic particles. Large-scale nu-
clear phenomena on the earth are strictly
man-made; they occur naturally only in
the center of stars. Here again the intro-
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duction of these man-made phenomena
into the human environment has led to
a large number of interactions: artificial
radioactivity has revolutionized many
branches of medicine, biology, chemis-
try and metallurgy, and nuclear fission
is a steadily enlarging source of energy.
Nuclear phenomena too are an important
part of the human environment.

Physics is now in the process of dis-
covering another new world of phenom-
ena at even higher energies. The discov-
ery of this new world is one of the most
remarkable feats of science. Its impor-
tance is usually not recognized by the
layman, who is more likely to be im-
pressed by the discoveries concerning
the surface of the moon. What is the sur-
face of the moon compared with phe-
nomena that in nature are probably hap-
pening only in the interior of quasars
and exploding galaxies? The lack of pub-
lic understanding is the fault of scien-
tists; they try to explain SUy; symmetries
to newspaper reporters instead of telling
them what the whole thing is about.
They themselves cannot see the forest
for the trees!

When this new world of subnuclear-
particle phenomena is introduced into
the human environment, it is bound to
interact with the environment in new
ways. Nobody knows what will happen
when it becomes possible to produce
beams of particles thousands of times
more intense than those of today—beams
in which all the new particles will be
mass-pr()duced to react with the en-
vironment. Even now some people are
speculating about the special clinical ef-
fects of pion beams, effects that cannot
be produced by ordinary radiation. It
reflects a rather conservative attitude
when our high-energy physicists say that
their field will never be of any practical
use. Greenberg quotes Hans Bethe as
saying, just as Rutherford did, “No...
practical application has appeared, or is
likely to appear, for particle physics.” 1
myself would consider it highly unlikely
that among the many new phenomena
that will result from the interaction of
intense high-energy beams with ordinary
matter there would not be one with any
practical application.

Here we see the relevance of “fron-
tier” sciences: they open up new realms
of natural processes and deepen the pool
of phenomena we can use for scientific
and technological purposes. This, I be-
lieve, is part of the answer to Green-
berg’s question: “When a handful of
particle physicists, at the expense of sev-
eral hundred millions of dollars per year
in public funds, explore the ‘particle zoo’
are they fulfilling a purpose of society?



Or are they merely pursuing their own
curiosity in virtually total disengage-
ment from the society which supports
them?”

This, however, is not the only relevant
aspect of the frontier sciences. Another
aspect lies in their importance for sci-
entific education and for the state of
science as a whole. The frontier sciences
are directed toward the investigation of
phenomena that are distinctly different
from what is known. At the same time
they are directed toward problems con-
cerning the foundations of our present
natural laws and the limits of their valid-
ity; they get at the deeper significance of
these laws and their still unknown con-
nections. The expansion of the universe,
the origin of the universe, the relations
among electrodynamics, nuclear forces
and gravity, the origin of the elementary
electric charge, the conservation of
baryons, the nature of weak nuclear in-
teractions—all are problems of this char-
acter. Science cannot shun these ques-
tions; it is the essence of scientific in-
quiry to proceed toward the bottom of
things. New phenomena cannot be ig-
nored; they must be investigated. Laws
and regularities cannot be accepted;
they must be understood.

The value of fundamental research
does not lie only in the ideas and results
it produces. The spirit that prevails in
the basic sciences affects the whole sci-
entific and technological life of a com-
munity because it determines its way of
thinking and the standards by which its
creations are judged. An atmosphere of
creativity is established that penetrates
to every frontier. The applied sciences
and technology adjust to the intellectual
standards that are developed in the basic
sciences. This influence works in many
ways: Some fundamental-research stu-
dents go into industry, where the tech-
niques that have been applied to meet
the stringent requirements of fundamen-
tal research serve to create new tech-
nological methods. One example that
comes to mind is the technique of mea-
suring very short intervals of time, which
was developed for the purposes of high-
energy physics. In a variety of ways the
style and the level of scientific and tech-
nical work are determined in pure re-
search; it is what attracts productive
people and what brings productive sci-
entists to those countries where science
is at its highest level. That is why so
many good scientists have moved to the
U.S. from Europe in recent decades.
This is one of the important social func-
tions of pure science: it establishes the
climate in which all scientific and tech-
nological activities flourish; it pumps the
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visible) illustrated with color photo-
graphs . . . a 10,000 foot plunge to the
bottom of the Pacific to investigate mys-
terious tire-like tracks recently discovered
by Russian oceanographers ... New York
City Parks Commissioner August Heck-
scher on our urban parks . .. Joseph Wood
Krutch on the “bad” natural history that
keeps cropping up in “good” literature
... plus “Sky Reporter” and book reviews
and much more.

Return the coupon now. We'll send you
a free copy of the 32-page report on WAR,
and begin your year’s subscription to
NATURAL HISTORY with the March issue.

Bill me [J

ADDRESS

STATE zip
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lifeblood of ideas and inventiveness into
laboratories and factories.

But it is not only the scientific and
technological world that is influenced
by basic science. The deeper insights
into the workings of nature that pure
science provides are also relevant for
the nonscientific part of the community,
even if the nonscientist has little knowl-
edge of the underlying ideas and con-
cepts. It is an awareness of the far-reach-
ing results of science that counts, an
awareness that we know about the age
of the earth, the evolutionary develop-
ment of life, the origin of the elements,
the indestructibility of matter—above all,
an awareness that nature works accord-
ing to exact laws that exclude magic and
demonstrate that man is not at the mercy
of a capricious universe. In many in-
stances science is more relevant when it
predicts what cannot happen than it is
when it makes positive predictions.

There are similar reasons why science
must plny an imp()rtant role in education.
Here the “frontier” sciences are of espe-
cial significance. When students are in-
troduced to the workings of nature, the
open questions and the unsolved funda-
mental problems are bound to be the
center of interest. There is more to it
than just the teaching of science. There
is no scientific education without the
active pursuit of research. One cannot
learn science without concrete partici-
pation in the process of analyzing facts,
sifting evidence and recognizing new
phenomena. The scientists and engineers
of the future will have had to be im-
mersed in the spirit of inquiry, they will
have had to have tasted the atmosphere
of continuous search at the frontiers of
knowledge if they are to be successful
in any field—pure or applied. Basic
research, therefore, is an essential part
of higher education in science and
engineering.

Such considerations may help in an-
swering one of the most difficult ques-
tions of scientific policy: Given that pure
science must be supported, how much
money should be spent on it? What de-
termines the right quantity of pure sci-
ence and how fast pure science should
develop? I believe the answer lies in the
educational role of basic science. There
should be enough support of pure sci-
ence—particularly the frontier sciences—
to ensure that scholars and students at
our major universities can actively par-
ticipate in such research. This criterion
does not allow an exact determination of
the amount of money needed, but it fur-
nishes a sound order of magnitude. On
this basis the support of pure science in
the U.S. has been adequate up to the
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present. Over the past 40 years a climate
has been created in our universities and
research institutions that has been un-
usually favorable for the development of
basic science. Now, however, all signs
point toward a steady decline; the fu-
ture looks dark. On the one hand we face
arapid expansion of our system of higher
education, with many new universities
appearing all over the country; we also
face a steady increase in the cost of pure
research because of the greater sophisti-
cation of our research tools and the gen-
eral increase in prices. On the other hand
the present political trend is against any
expansion of Federal support of science;
we may consider ourselves lucky if the
basic science budgets remain at a con-
stant level. Hence only a few of the
newly created universities will be able to
participate actively in basic research,
and most of the old ones will have to
reduce their programs. In a few years
this will lead to a sharp decline of basic
science in the U.S. Today the main prob-
lem in the politics of science is: How can
we protect this important sector of mod-
ern society from the onslaught of our
current moral, social, financial and mili-
tary crisis?

Short Reviews

rI‘HE PARTICLE ATLaS, by Walter C.
* McCrone, Ronald G. Draftz and John
Gustav Delly. Ann Arbor Science Pub-
lishers, Inc. ($125). CRIME AND SCIENCE:
Tue NEw FrONTIER IN CRIMINOLOGY,
by Jiirgen Thorwald. Harcourt, Brace &
World, Inc. ($8.95). Human senses per-
ceive the details of the world on a scale
from samples with a mass of tons down
to samples of a milligram. Below that, at
least without artificial aids, we enter a
generalized realm, one that no longer
consists of apples and ashtrays, automo-
biles and poppy seeds but that is merely
vague and dusty. Yet atoms are very
much smaller, and bits and pieces of the
world on the scale from micrograms to
nanograms can still hold in their tiny
compass an entire history and prov-
enance. The acrid molecules of smog,
say, have little history; the atoms of
which the molecules consist cannot be-
tray their origins very specifically. Any
smokestack might have been their
source. On the other hand, the dust par-
ticles in smog can tell a tale, often a quite
candid one. The Particle Atlas, compiled
by a pioneer group in the microscopy of
air pollutants, is so beautiful in form that
it takes a while to grasp the depth and
ingenuity of its content. It displays some
500 striking photomicrographs in color,
altogether resembling the catalogue of a

© 1968 SCIENTIFIC AMERICAN, INC

New York art show in the last years be-
fore op and pop had taken over. They
illustrate a taxonomy of wild dusts: the
results of natural wind erosion and of
combustion and industrial processes—
the “mechanical excreta” of our cities.
These specimens and their classification
comprise the weight of the atlas, but
with them comes a remarkably clear
account of how to set up a laboratory
competent to do such analysis (at a
cost about equal to that of a large limou-
sine) and a detailed explanation of such
special identifying tricks as “dispersion
staining”—the measurement of refractive
index by noting under dark-field illumi-
nation the colors at the edges of particles
embedded in a liquid with a known dis-
persion curve. When the indexes match,
the edge is colorless; the color fixes the
degree of mismatch. Other techniques,
even the most modern ones such as the
electron microprobe, are also described,
but the work is keyed to the results of
optical study: transparency, color, bire-
fringence, refractive index and shape.
Domestic incinerator dust shows tarry,
partly burned paper, unfused ash and
bits of metal can; a well-operated pul-
verized-coal-fired boiler yields glassy
spheres of colorless ash plus purple-
black ones of magnetite. Carborundum
and chicken feathers, paint spray and
petroleum-cracking catalyst are all ex-
hibited and concisely described.

Crimz and Science is a continental
look at the study of microscopic incrimi-
nating traces in the years since Sherlock
Holmes and Alphonse Bertillon first
spoke of the art. Filled with cases tried
everywhere from Zurich to Sydney, a
nontechnical narrative recounts the
growth of modern techniques for identi-
fying human blood from crude begin-
nings in the simple measurement of red
cells. A second theme is the study of
dusts and hairs with microchemical tech-
niques such as neutron activation. That
the Sydney kidnaper owned a Peking-
ese and lived in a brick house joined
with pink mortar set in a garden where
two particular cypress species grew was
enough to find the man and to convict
him, although he had been turned up
earlier by a widespread search for
the implicated blue Chevrolet and had
talked his way oft the list of 5,000 sus-
pect owners of such a car.

PROPERTIES oF LiQuip anp Sorip HE-

Liun, by J. Wilks. Oxford University
Press ($24). There is a tradition of mono-
graphs on helium that has been formed
by two generations of fine summaries of
the properties of this strange atom, so
abundant in the stars and so rare on the



A handful of people like Mary Carnwath

are trying to keep our promise to the Indians.

But they won’t make it without you.
Y TWENY

The Hopi Indians’ village of
Shipaulovi in Arizona sits on land
so poor, infertile and inhospitable
that so far nobody has tried to take
it away from them.

Electricity has not yet reached
the Hopis. Water must be hauled
from three miles away. Jobs are few
and far away. Only poverty and des-
pair are close-by and in abundance.

Yet for the first time in genera-
tions, Mary Carnwath and people
like her are stirring hope among the
Hopis.

Mary Carnwath works and
lives two thousand miles away, in
Manhattan. Her own daughter is
now grown-up, and through Save
the Children Federation she is spon-
soring one of the village girls, 8-year-
old Grace Mahtewa,

The Mahtewas (two parents,
three children, one grandmother
and a sister-in-law) live tightly
packed in a tiny rock and mud
house. The father who knows ranch
work but can't find any most of the
year, isn't able to provide the family
with even the bare necessities.

Grace, bright,
ambitious and in-
— dustrious, would
possibly have had
. to quit school as
- e soon as she was
old enough to do

* a day’s work. But,

N because of Mary
Carnwath, that won't be necessary.
The $15.00 a month contrib-

]

uted by Mary Carnwath is provid--

ing a remarkable number of things
for Grace and her family.

Grace will have a chance to con-
tinue schooling, The family has
been able to make its home a little
more livable. And with the money
left over, together with funds from
other sponsors, the village has been
able to renovate a dilapidated build-
ing for use as a village center. The
center now has two manual sewing
machines that are the beginnings of
a small income-producing business.
It's only a small beginning. More
money and more people like Mary
Carnwath are needed. With your
help, perhaps this village program

will produce enough money to end
the Hopi's need for help. That is
what Save the Children is all about.

Although contributions are de-
ductible, it's not a charity. The aim
is not merely to buy one child a few
hot meals, a warm coat and a new
pair of shoes. Instead, your contribu-
tion is used to give the child, the fam-
ily and the village a little boost that
may be all they need to start helping
themselves.

Sponsors are desperately needed
for other American Indian children
—who suffer the highest dis-
ease rate and who look for-
ward to the shortest life span
of any American group.

As a sponsor you will re-
ceive a photo of the child, regu-
lar reports on his progress and,
if you wish, a chance to corre-
spond with him and his family.

Mary Carnwath knows
that she can't save the world
for $15.00 a month. Only a
small corner of it. But, maybe
that is the way to save the

© 1968 SCIENTIFIC AMERICAN, INC

world. If there are enough Mary
Carnwaths. How about you?

Save the Children Federation is
registered with the U.S. State Depart-
ment Advisory Committee on Vol-
untary Foreign Aid, and a member
of the International Union of Child
Welfare. Financial statements and
annual reports are available on
request.

Save The Children Federation—
Founded in 1932

National Sponsors (partial list):

Andy Griffith, Gene Kelly, Mrs. Eli Lilly,
Paul Newman, Mrs. J. C. Penney,

Frank Sinatra, Mrs. Earl Warren

Save The Children Federation
NORWALK, CONNECTICUT 06852

| WISH TO SPONSOR AN AMERICAN INDIAN CHILD.
ENCLOSED IS MY FIRST PAYMENT OF:

O $15 MONTHLY
0 $90 SEMI-ANNUALLY

0 $45 QUARTERLY
O $180 ANNUALLY

| CAN'T SPONSOR A CHILD, BUT I'D LIKE TO HELP.

ENCLOSED IS A CONTRIBUTION OF $
[0 SEND ME MORE INFORMATION.
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Chemistry and Industry

APPLICATIONS OF BASIC PRINCIPLES
IN RESEARCH AND PROCESS DEVELOP-
MENT
Edited by D.G. JONES, University of Alberta.
This text offers the undergraduate a thorough
look at how the basic concepts of chemistry
are applied across the whole field of industrial
research and development. There are chapters
dealing with the applications of physical,
organic, and inorganic chemistry and with
the development of a chemical process. The
last two chapters deal with ways of assessin
the economic profitability of a chemica%
process invention, and ways in which a
chemist can utilize the other sciences in in-
creasing performance. 58 text figures.

Cloth, $6.40. Paper, $3.20

A View of the Brain

By ].S. GRIFFITH, Bedford College, Uni-
versity of London. The author here develops
his new theory of the functional organization
of mammalian and human brains at their high-
est levels, that is, the levels at which con-
scious thoughts occur and at which decisions
governing the behavior of the whole animal
are made. Although speculative, the theory is
rooted firmly in psychology, in the known
physiological properties of nerve cells, and in
modern molecular biological opinion. Text
figures. (Oxford Science Research Papers No. 1.)

Paper, $2.75

Oxford

The Physical Background

of Perception
By LORD ADRIAN. To some extent this

reissue will serve its intended educated but
non-technical audience better today than
when it was first published in 1947. In part
this is due to the graceful clarity of the lec-
tures (reprinted here as they were delivered
in Magda'fen College, Oxford), but even more
it is due to a change in general science edu-
cation. The lectures deal with basic facts of
nerve cells and mechanisms, sense organs,
and the brain, employing descriptions of ex-
periments to illustrate the facts as well as

prove them. 21 figures. $3.40

The Natural Regulation

of Animal Numbers

By DAVID LACK, Edward Grey Institute of
Field Ornithology, Oxford. This reissue of a
work first published in 1954 formulates and
clarifies the problems created by the fact
that fluctuations in natural populations are
quite restricted when compared with what is
theoretically possible. Most of the volume is
concerned with birds. Factors that influence
the reproductive rate are discussed and it is
shown that these are the result of natural
selection. Density dependent mortality is
introduced, followed by a discussion of food
shortage, predation, and disease as causative
factors. The author concludes with the practi-
cal bearings of the subject on the care and
conservation of wildlife. 52 figures, 1 color

plate. 87.20
OXFORD W
UNIVERSITY &
PRESS W&
200 Madison Avenue,
New York, N.Y. 10016
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| earth. The present up-to-date (to the
spring of 1966) research review, which
treats only of the low-temperature won-
ders of this unique substance, is a worthy
successor. Giving due weight to both
experiment and theory, the author,
a learned cryogenist of the Clarendon
Laboratory at Oxford, has produced a
work that is clear and complete and yet
never oppressive in detail. He divides
the work logically into a study of first
the normal fluid and the superfluid of
the isotope helium 4, then those of he-
lium 3 (which are strikingly different)
and then the solids of the two isotopes.
His account of efforts to found the theo-
ry of such quantum fluids on first princi-
ples, without the crutch of the ingenious
approximation of two fluids or of spe-
cial quantum excitations as invented by
Fritz London and by Lev Landau, is per-
haps too compact to be very helpful.
Still, it is a great tale. Consider that to-
day physicists have found in these quan-
tum substances four analogues to “first,”
or ordinary, sound: second sound, which
is an oscillatory wave not of pressure but
of temperature; zero sound, which is
what normal sound waves become in a
Fermi-particle quantum liquid such as
helium 3—a pressure wave with anoma-
lous velocity and absorption; third and
fourth sounds, which are respective
modifications of second and first sound
peculiar to thin superfluid films. Perhaps
even more marvelous are the flow of lig-
uid helium superfluid in a superfluid
“wind tunnel,” which at low velocities
has zero effect on a propeller, and the
existence of tiny vortex rings in the su-
perfluid, made detectable not by tobac-
co smoke but by inducing the rings to
drag along a charged ion. The energy
and velocity of these rings conform to
the classical theory of smoke rings in air
but on such a scale that the flow of fluid
around the ring amounts to a single
quantized unit of the fluid circulation,
even though 100 million atoms may take
part!

HaNDBOOK OF LIVING PRIMATES, by

J. R. Napier and P. H. Napier. Aca-
demic Press ($21.50). PriataTeE ETHOL-
ocy, edited by Desmond Morris. Aldine
Publishing Company ($10.75). In a ref-
erence volume no less engaging than it
is authoritative the Napiers, man and
wife, have given us a compact and yet
critical review of the biology of the or-
der of primates. The center of gravity
of the book is in its “profiles.” Each of
the 60-odd living genera (with the un-
happy exception of Homo) is listed in
laconic form, giving the data on range,
| habitat, diet, weight, morphological fea-
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tures, chromosomes, blood groups, .re-
production and behavior (wild and cap-
tive). Every genus has at least a page;
the more interesting are spread over half
a dozen pages. There are excellent pho-
tographs representing most genera. Here
is a winsome child of the South African
chacma baboon, there a chimp in the
very attitude, finger to brow, of puzzled
recollection. The senior chimp in cap-
tivity died at the age of 41; the dusky
titis of the Amazon sit for hours side by
side in pairs with their long tails charm-
ingly entwined in a double helix.

The second book is a collection of 10
papers by men and women who study
field behavior in the mode made famous
by Konrad Lorenz and Niko Tinbergen.
They approach primate behavior with a
tradition of success in the study of wild
fish and birds behind them, not with
the experimentalist bias of the rat-maze
psychologist nor yet with the baffling
intricacy of anthropology. The work
is only beginning, and in some cases it
sounds even naive. It is nonetheless stim-
ulating and genuinely rich with interest-
ing hypotheses. It reminds the general
reader of the excitement of first reading
the psychoanalysts, and yet its data are
far clearer than those out of that shad-
owy demain. One paper, by Wolfgang
Wickler, treats of the way in which sig-
nals so obviously sexual—such as the
bright skin colors of the anogenital re-
gion in some monkeys—have come to
have a far more general use and func-
tion. The hindquarters of some male
monkeys, and in the mandrill even the
face, imitate the female sexual skin and
are displayed in ways that are continu-
ous with the prototype but go far beyond
it. Such continuity can be traced from
the familiar urine-marking of territory
by many mammals to ithyphallic herms,
the curious carved stone pillars used
by men in antiquity as “house guards.”
Spanking with pants down is a forced
presentation in the genus Homo that still
humiliates.

DRUG Responses IN Max, edited by
Gordon Wolstenholme and Ruth
Porter. Little, Brown and Company
($13). No drug, save perhaps aspirin, has
all three desiderata: safety, effectiveness
and low price. This London symposium
(sponsored by Ciba) spells out the rea-
sons. It is hard to extrapolate frcm lab-
oratory animals to man; it is harder still
to predict effects that occur only once in
100,000 times. Hardest of all is it to find

. rare, even if serious, side effects that “the

medical profession. .. does not look for.”
Phenacetin—as in APC tablets—can
cause kidney damage after very long



use; it took 75 years of clinical experi- |
ence to realize it. Allergies and genetic
differences are hidden dangers for many.
One anesthetist saw a young boy turn
rigid and die under the anesthetic. Per-
suaded by statistics of the rareness of
this condition—it happens perhaps once
in a million times—he was reassuring
when the boy’s sister needed an opera-
tion. She too died; the two cases were
thus not independent. The papers in this
volume span the topic well, but best of
all is the give-and-take of discussion here
reported. The colloquy presents a frank
and illuminating study of the difficult
path from plausible biology to clinical
medicine. A well-organized early-warn-
ing system in which the entire profession
cooperates to spread the word about
new drugs is a social mechanism that
will help; eight million Americans were
exposed to chloramphenicol before it
was recognized that the drug affects the
bone marrow in about one out of 50,000
cases. Not hundreds of persons but only
a few would have suffered if there had
been a warning system. It is also clear
that the brave men, convicts, who will-
ingly expose themselves to risky pro-
cedures as test subjects, without the
promise but in the hope of lenient treat-
ment thereafter, deserve recognition and
reward. Perhaps not only the prisons
need be used to find such volunteers.
That even official negative data on un-
marketed drugs remain trade secrets is
one more peculiarity of the competitive
pharmaceutical industry. |
[NDOCHINA, by Bernard Philippe Gros- |
lier. The World Publishing Company
(310). In pages full of scholarly candor |
and informed criticism the expert au- |
thor—most of the photographs in the
book were taken on the spot by him—
gives us a brief history of this region, an
account of its prehistory, its art and the
growth of Western knowledge of these
subjects. A hundred million people live
and die today between the valley of the
Irrawaddy River and the Gulf of Tonkin.
Their history has been one of ebb and
flow between the influence of India, its
gods, its canal-builders and its trade, and
China, its rice culture, its generals and
its marvelous crafts. Behind it all there
lies a long Neolithic period, just uncov-
ered, and out of that past there speaks
a family of rich and strange cultures.
Their beautiful works are displayed here
in splendid photographs, both in black-
and-white and in color. Everyone knows
of Angkor and the Khmers of Cambodia,
but the great Burmese temples of Pagan
and Mandalay, the Buddhist art of Ton-
kin, the Thai spires of the 13th century |

TEACHERS:
Bring the excitement
of this magazine

into your classrooms

Offprints

— with

The unique intellectual stimulation
you find each month in the pages of
this magazine can be a part of your
standard classroom fare if you regu-
larly include SCIENTIFIC AMERICAN
Offprints in your reading assignments.
From a constantly growing inventory
of more than 550 available articles—
reproduced from the magazine with
full text, full illustration, and full
color—you can select those most suit-
able for the design of your course and
use them as enrichment ‘“chapters”
along with your textbook.

Hundreds of thousands of students
have already responded to SCIENTIFIC
AMERICAN Offprints with fresh enthu-
siasm for their courses and with a bet-
ter grasp of the subject. As Professor
Allen Parducci of the University of
California, Los Angeles, commented:
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SCIENTIFIC
AMERICAN

I have been using 10 Offprints per
semester for the past several years.
Although the enrollments are typi-
cally in excess of 500 students, these
materials have proven to be quite con-
venient. Student reaction has been
more favorable to the Offprints than
to (:iny of the other readings I have
used. ...

...and from Professor Gerald R. Levin
of Swarthmore College:

Please keep up the good work. My
students have consistently recom-
mended that I continue using your
reprints.

‘Why not try a selection of Offprints
in your next course? They are still
only 20¢ each.

For a free descriptive brochure, write to

EW. H. FREEMAN AND COMPANY

660 Market St., San Francisco, California, 94104 / 7 Cromwell Road, London S.W.7
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v——T— = PLATINUM, from piatins, or
little silver. discovered 16th
P* | Century. Found in nuggets of

| up to 21 pounds. it i used not

= ! only in weights and measures
but also in jewelry. delicate instruments and
Once as costly as $175 an
ounce. its value has dropped to a mere $80.

-3mEew

A
PERIODIC
TABLE

OF THE
ELEMENTS

weight.

large enough for classroom use.

A colorful, easy-to-understand chart depicting the 103 elements (natural
and man-made) known today,arranged by families and in order of increasing

Each element is photographed in color and examined according to its
particular position within the hierarchy of matter. Each photograph (see
sample above) is accompanied by a detailed description of the element and
precise information about its properties (atomic number, atomic weight,
number of electrons and their orbits).

This chart will be an invaluable aid for students from elementary to
advanced scientific study, a useful addition to your home reference library,

Chart measures 51”x 30”, printed in four colors on heavy, durable paper.
Send $.50 for each chart with name and address to:

ELEMENTS CHART, TIME-LIFE BOOKS
TIME & LIFE BLDG., CHICAGO, ILLINOIS 60611

DEBATE
THE ANTIBALLISTIC
MISSILE

Edited by Eugene Rabinowitch and Ruth Adams

Should the U.S. spend 40 billion dol-
lars on a full-scale missile defense
system? Recent headlines highlight the
first decision—to build a ‘‘light”” defense
system against China costing ‘‘only”
5 billion dollars.

Because this debate is important for
every American in its effects not only on
the arms race, but on our entire economy
—the BULLETIN OF THE ATOMIC SCIEN-
TISTS has just published this important
volume making available the facts and
different points of view, presented by
some of the country’s most authoritative
experts. Chapters include:

* Jerome B. Wiesner (Provost, M.I.T.): The Cold War
is Dead but the Arms Race Rumbles on.
* Freeman J. Dyson (Inst.for Advanced Study, Prince-
ton): Defense Against Ballistic Missiles
* J.l.Coffey (Chief, Office of National Security Studies,
Bendix Aerospace): The Confrontation
* David R. Inglis (Argonne Natl. Laboratory): Missile
Defense, Nuclear Spread and Vietnam
® Oran R. Young (Center for Intl. Studies, Princeton
: Active Defense and International Order
. RobertS McNamara (Secy. of Defense) Testifies,
and other articles by D.G. Brennan, Leonard
Rodberg, Jeremy J. Stone, Laurence W. Martin,
Betty Goetz Lall.
Send for your copy today. 176-pages, clothbound $5 each.

| BULLETIN OF THE ATOMIC SCIENTISTS
| 935 E. 60th St., Chicago, Ill. 60637

—_copy (ies)of DEBATE: THE ANTIBALLIS-
| TIC MISSILE for which | enclose $5 each. (Libraries
and institutions may be billed.)
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|
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Visitors from
Outer Space?
Hoax?
Conspiracy?
At last—a sane,
scientific
answer to the

“flying saucer”
mystery

IDENTIFIED
By Philip J. Klass

Senior Avionics Editor,
Aviation Week & Space

Technology Magazine

bookstore
RANDOM HOUSE

$6.95, now at your
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many can see here more or less for the
first time. Hué and Vientiane, Dong-son
and Vinh rise from this handsome book
as something more than contested bases
or angry targets.

PENGUINS, by John Sparks and Tony

Soper. Ilustrated by Robert Gillmor.
Taplinger Publishing Company ($8.95).
These flightless birds of antarctic waters,
sleekly feathered in a down parka over
the modeled layer of insulating blubber,
are masters of underwater flight. How
they make their living from squid and
krill (perhaps profiting a little from the
terrible toll that has now been taken of
the blue whale), how they navigate by
the sun and an inner clock, how they
have probably evolved from the family
of albatrosses, the finest fliers of all, and
just about everything else of a semitech-
nical nature one might want to know
about these endearing creatures is the
tale of this enthusiastic book. There are
fine photographs aplenty and attractive
casual marginal sketches, but the real
treat is the strong, simple, droll paint-
ings of all the penguin species.

HE HArPER ENcycLOPEDIA OF Sci-

ENCE, edited by James R. Newman.
Revised edition. Harper & Row, Pub-
lishers ($35). MEASURES FOR PROGRESS:
A History OF THE NATIONAL BUREAU
oF Stanparps, by Rexmond C. Coch-
rane. Editorial consultant, James R.
Newman. U.S. Department of Com-
merce ($5.25). These two useful works,
an improved one-volume version of a
four-volume reference for the general
reader and an interesting narrative of
our national laboratory since its found-
ing after the Spanish-American War, are
mentioned here together because they
are the past published testimony to the
unfailing taste and depth of thought of
the late editor of SCIENTIFIC AMERICAN’S
book section, James R. Newman.

{ MATHEMATICIAN’S APOLOGY, by G.
H. Hardy, with a foreword by C
P. Snow. Cambridge University Press
($2.95). This touching, candid and sharp
self-portrait by an aging artist—one can
describe Hardy in no other way—appears
after 10 years out of print, with a brief
new account of the man by an old friend.

'ENERGIE DES Marges, by Robert
Gibrat. Presses Universitaires de
France ($3.60). A French paperback of
authority and charm that treats of the
tides, the economics of their use for
power and the engineering problems of
such big plants as the one recently dedi-
cated at Rance.
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“There was once
a sea of grass”

OF PRAIRIES
AND PLAINS

By DURWARD L. ALLEN

As reviewed in SCIENTIFIC AMERICAN:
“From Kankakee to Fort Collins and from
the Pecos north to Saskatchewan there was
once a sea of grass. Here is the story of that
sea, a vast commaunity of life...viewed as it
might have been before Columbus came.
The text [is] biologically knowing...The
photography is rich and varied.”

—SCIENTIFIC AMERICAN
HERE IS THE FASCINATING story of America’s
central grasslands as they might have been
in the year 1491—a year before the discovery
of America. Nothing on Earth was quite like
this vast “empire of the sun,” with its mil-
lions of bison and antelope, its spectacular
waves of migrating birds, its stalking
Indians, and a fauna which was as varied as
that of modern Africa.

This lavishly illustrated book recounts
the effect of the Great Ice Age on the grass-
lands...describes the adaptations of plants
and animals to life in a grassy wilderness...
and illustrates the whole cycle of grasslands
life. The book deals with Man’s effect on the
original grasslands, and considers such
questions as: Where did the Plains Indians
come from? What happened when the
Indian replaced the dog with the horse?
Have we really saved the buffalo? In addi-
tion to a glossary and index, there is an
introduction to the collecting and identi-
fying of grasses and a listing of grassland
areas held by the Department of the Interior.

214 illustrations (126 in color)
232 pages, $4.95

McGraw-Hill Book Co., Dept. SA-3
330 W. 42 St., New York, N.Y. 10036
Please send ____ copy(s) of THE LIFE
OF PRAIRIES AND PLAINS. If after
examining it for 10 days, I am not com-
pletely delighted, I may return the book

|
|
|
i
|
|
$4.95 plus shipping costs. |
|
|
{
|

o ———— e ——

and owe nothing. Otherwise I will send
Name

Address ==
City State Zip

Save! Enclose $4.95 plus local tax and we pay ship-
ping costs. Same examination and return privileges.
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Human Variation and Origins

An Introduction to Human Biology and Evolution

SCIENTIFIC
AMERICAN

Readings from
This collection of twenty-seven readings from SCIENTIFIC
AMERICAN —reproduced with full text, full illustration, and
full color—is a comprehensive, integrated account of the prin-
cipal aspects of human variation within and between popula-
tions. Instead of concentrating on the study of fossil man, the
editors emphasize the basic biology and genetics of living

From your bookseller, or from

W. H. Freeman and Company

Selected and Introduced by W. S. LAUGHLIN and
R. H. OSBORNE, University of Wisconsin

peoples—an approach that they feel to be at least as produc-
tive as the traditional manner of studying man and his origins.
Each group of articles is preceded by an introduction in which
the editors interpret and interrelate the various readings. Just
published. 297 pages, illustrated, clothbound $10.00, paper-
bound $4.95

660 Market Street, San Francisco, California 94104 / 7 Cromwell Road, London S.W. 7
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MAIL
ORDER

SHOPPING MAR

A selection of products available by mail for readers of Scientific American
All merchandise sold on a money-back guarantee. Order direct by Stock No. Send check or M. O.

UNUSUAL
VALUES

WA

CAR OF THE FUTURE
HERE NOW!

One of most lH)I)!‘(}SSlVQ S(‘lCﬂ(‘C
toys we've seen. Low friction air
car rides a fraction of an inch
over any surface, including water.
Graphically demonstrates same
principles that apply to Ford's and
Curtiss-Wright's new wheelless
aircars. Sturdy red and yellow
plastic. 8” wide, 9”7 deep, 2” high

with 47 propeller Operates on 2
flashlight batteries (non incl.).
48” control line, battery case.
Stock No.70,307S...52.98 Ppd.

ASTRONOMICAL
TELESCOPE KITS

Grind your own mirror for power-
ful telescopes. Kits contain fine
annealed pyrex mirror blank, tool,
abrasives, diagonal mirror, and
eyepiece lenses. Instruments you
build range in value from $75 to
hundreds of dollars.

414” DIAMETER— 3" Thick
Stock No. 70,003S...$8.00 Ppd.
6” DIAMETER—1” Thick
Stock No. 70,004S..512.95 Ppd.

WFF'N PROOF—
GAMES OF LOGIC

Practice abstract thinking and
math logic. Developed by Yale
prof. If you think lcarmng should
be fun, try WFF'N PROOF
brain-to-brain combat! 21 games
of progressive difficulty. Starts
with simple games mastered by
6-year-olds, ends with subtle
logic for challenge to professional
logicians. 8 24” x 53{” case contains
logic cubes playing mats, timer &
224-p. boo!

Stock No 60 5255...56.00 Ppd.

/_; .

3" ASTRONOMICAL
TELESCOPE

See stars, moon, phases of Venus.
planets close up. 60 to 180 power
—famous Mt. Palomar reflecting
type. Aluminized & overcoated 37
diameter f/10 primary mirror, ven-
tilated cell. Equipped with 60X
eyepiece and mounted 3X finder
scope, hardwood tripod. FREE:
“STAR_CHART'’; 272-page
“HANDBOOK OF HEAVENS":
“HOW TO USE YOUR TELE-
SCOPE”

Stock No. 85,050S..$29.95 Ppd.
414”7 REFLECTORTFLESCOP
Stock No. 85,105S..584.50 TCC
6” REFLECTOR TELESCOPE
Stock No. 85,0865.5199.50 TCC

WOODEN
SOLID PUZZLES

Here's a fascinating assortment of
12 different puzzles to provide
hours of pleasure and stimulate

ability to think and reason. Ani-
mals and geometric forms. Take
them apart and reassemble them.
Lots of fun for the whole family —
young and old. Will test skill,
patience and ability to solve pml;-
lems. Order yours now.
Stock No. 70,205S...$3.50 Ppd.

GET FREE CATALOG |

148 Pages! More than 4,000
UNUSUAL |
BARGAINS! i

I

|

| Completely new.
Packed with

| huge selection of |
lenses, prisms, l

| optical instru-

| ments, partslg(r)lg |
accessories, S
of charts, illus-

[ trations. Manyl

lhard—tcrgez surplus bargains. |

t Enormous variety of telescopes, |

|

I

|

| E

|

|

I

|

microscopes, binoculars, mag-
nets, magnifiers, photo com- |
ponents, etc. America’'s 71
source for research labs, engi- |
neers, scientists, inventors ex-
perimenters, hobbylsts Write |
for Free Catalog **

Edmund _Scientific Co 300]
Edsc_?rp Bldg., Barrington, N.J.

ADDRESS

0800 |
NAME i
I

|

ANALOG
COMPUTER KIT

Demonstrates basic analog com-
puting principles. Can be used for
multiplication, division, powers,
roots, log operations, trig prob-
lems, physics formulae, electricity
and magnetism problems. Oper-
ates on two flashlight batteries.
Electric motor and 3 potentiom-
eters mounted on die-cut box.
Answeg md:jcateg on dlal 20”7
Stock No. 70,341S. .514 .95 Ppd.

NEVER BEFORE A BOOK
LIKE THIS!

“‘All About Telescopes,” by Sam
Brown—the world’s best illus-
trated and most easily understood
book about telescopes and as-
tronomy. Literally TELLS ALL
and SHOWS ALL with graphic
illustrations and easy-to-read lan-
guage. Bulges with words and
pictures on HOW to build, HOW
to buy and HOW to use your
telescope. Shows how to use with
photography—take exciting ce-
lestial pictures and amazingly
clear long-distance shots of birds,
animals, etc. Great for beginners,
indispensable for advanced ama-
teur, excel. gift. 814” x 11”7, 192
pges.

Stock No. 90345 $3.00 Ppd.

GIANT
WEATHER BALLOONS

“Balls of fun’” for kids, traffic
stoppers for stores, terrific for
amateur meteorologists. Create a
neighborhood sensation. Great
backyard fun. Exciting beach at-
traction. Amateur meteorologists
use to measure cloud heights, wind
speed, and temp. Made of heavy
duty neoprene. Inflate with vac-
uum cleaner or auto air hose; or
locally available helium for high

rise.
Stock No. 60,568S.8.52.00 Ppd.
Stock No.60,6325.16’.57.00Ppd.

AMAZING
NEW HOLOGRAMS

Almost unbelievable new 3-D
photo-technique for small cost.
Simple transmission-type holo-
gram (on film and glass) result of
splitting laser beam. Dimension
appears carved in stone. Cut in

half repeatedly —parts still con-
tain full scene. Use slide projector
light source or flashlight bulb fila-
ment. Filter incl.

Stock No. 40,969S

(4" X33%") . $11.00 Ppd.
tock No. 30,574S

"X128") e, $4.50 Ppd.

Sto:k No. 40,984S (ON GLASS)

“47x5) $30.00 Ppd.

WORKING MODEL
DIGITAL COMPUTER

Solve problems, teach logie, play
games with miniature version of
giantelectronic brains! Adds, sub-
tracts, multlplles shifts, comple-
ments, carries, memorizes. Colored
plastic parts easlly assembled. 12”7 x
314”x434”. Incld. step-by-step as-
sembly diagrams, 32-p. instruction
book covering operation, computer
language (binary system) pro-
gramming, problems & 15 experi-
ments.

Stock No. 70,683S...55.98 Ppd.

r_,f-—
P
|

IT'S HERE—BIG, NEW
DIGICOMP n

If you think DIGICOMP I was
something—wait’'tilyouuse DIGI-
COMP II! Loads of fun! Terrific
challenge! Actually works like
electronic digital computer but
needs no power. Adds, subtracts,
multiplies, divides, memorizes.
Flrstmechanlcalcomputerw/auto

switch action. First model de- |

signed for tprogrammmg Speed
reduced by factor of million to 1~
you can see what's happening.
Demonstrates ‘new’ math, com-
Puter techniques. Perfect fun way
r all ages to learn about comput-
ers-invaluable in ‘computer age’.
14”7 x 29” x 2”. Red & white ma-
sonite. Fully illus. instr. manual.
Special Intro. Price
Stock No. 70, 9465. .$16.00 Ppd.

ORDER BY STOCK NUMBER = SEND CHECK OR MONEY ORDER * MOMEY-BACK GUARANMTEE

EDMUND SCIENTIFIC C

300 EDSCORP BUILDING
= BARRINGTON. NEW JERSEY 08007
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start with the need

Markets are people and people have
needs. When these needs are
fulfilled, a remarkable cycle begins.
A rising standard of living generates
new hopes, new ambitions and

new needs, until growth becomes

a normal condition of the economy.
The injection of capital creates

new profits and new employment
and an ever-widening circle of
benefits for the nation’s people at
large, including, of course, those
who share in ownership.

Celanese considers its job to be

a contribution to higher living
standards throughout the world by
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filling human needs through our
engineering, technical and
marketing skills. This we do in
chemicals, plastics, fibers,
petroleum, paint and forest
products, in 100 plants employing
50,000 people in 27 countries

throughout the free world.
Celanese®

CELANESE



SAFER GARS

Injuries that don’t have to happen, won't.

Allied Chemical makes the materials that make cars safer. Caprolan®  of injury if an accident occurs. Urethane foam chemicals for dashboards
nylon for tire cord protects your car against blowouts by resisting heat, help cushion the impact from sudden stops. They're all typical examples
moisture, and flex breaks. Caprolan nylon for seat belts reduces the chance  of how Allied Chemical puts chemistry to work.

llied
hemical

RIGHT IN THE CENTER OF
THINGS AT NO. 1 TIMES SQUARE

Divisions: Agricultural, Fabricated Products. Fibers. Industrial Chemicals, International, Plastics, Semet-Solvay, Union Texas Petroleum, Allied Chemical Canada, Ltd.
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