ICE /THE FAR REACH ORScl

CIENCE /TI

IF FA!

LF SCIENCE /THE
\CH OF SCIENCE /THE FAR Rl
§ REACH OF SCIENCE /THE F2
[ FAR REACH OF SCIENCE /TF
/THE FAR REACH OF SCIENC]
NCE /THE FAR REACH OF SCI

N REACHOF

E FAR REAC]

LCLNCE /THE FAR REACH OF

OF SCIENCE /THE FAR REACI
P E OCIENICE VEIE FAR




Jobs that just might change the world

Eﬁ@ve people through rush hours at

80 mph. Westinghouse built the experi-
mental transit expressway in Pittsburgh.
And we are building the computerized
controls for the San Francisco mass-
transit system that will be the mode! for
others throughout America. We're look-
ing for people to help us build equipment
that will move people as they've never
been moved before.

These graduates needed: Engineering,
Physical Sciences, Social Sciences, En-
gineering Administration, Industrial Tech-
nology, Business & Liberal Arts.

"E'ap the atom with the company that

started it all. Westinghouse supplies some
of the largest nuclear generating piants in
the world. We are building nuclear rocket
engines. Our reactors power nuclear sub-
marines. But this is only the start. We
need people for some of the most fas-
cinating projects we've ever attempted.

These graduates needed: Electrical En-
gineering, Mechanical Engineering, in-
dustrial Engineering, Chemical Engineer-
ing, Engineering Mechanics, Marine
Engineering, Structural Engineering, Ce-
ramics, Nuclear Engineering, Materials
Science, Physical Sciences.

Desalt the world’'s oceans

Westinghouse has 73 water-desalting
units operating or on order around the
world. Now we need people to help us
design and build facilities that can de-
salt 150 million gallons a day—and solve
some of the toughest water-supply prob-
lems we’ve ever tackled.

These graduates needed: Electrical En-
gineering, Chemical Engineering, Materi-
als Science, Physical Sciences, Industrial
Engineering, Engineering Mechanics, Me-
chanical Engineering, Civil Engineering.

Take a dwe and explore the ocean

20,000 feet down. Westinghouse is devel-
oping a fleet of self-propelled undersea
vehicles. In them we will dive deep, ex-
plore, salvage and probably discover
more than any other single company in
oceanography. We need adventurers to
join the quest that has already taken us
alt over the world.

These graduates needed: Electrical En-
gineering, Mechanical Engineering,
Chemical Engineering, Materials Science,
Marine Engineering. Ocean Engineering
& Science,

BUIld a Clty from scratch—the way a
city should be built.

Westinghouse has just purchased an
embryo city. We're looking for people
to help us rebuild many of the existing
cities in America. We can do it—Westing-
house now provides more products, sys-
tems and services for construction than
any other single company.

These graduates needed: Engineering,
Physical Sciences, Social Sciences, En-
gineering Administration, Industrial Tech-
nology, Business & Liberal Arts.

Fly to Mars

When the first expeditionary vehicle takes
off, Westinghouse will be there.

We are building the nuclear engine for
voyages into deep space—to Mars and
Venus and beyond. The jobs are exotic.
We need more people to help us now.

These graduates needed: Electrical En-
gineering, Mechanical Engineering,
Chemical Engineering, Materials Science,
Nuciear Engineering, Aerospace Engi-
neering, Physical Sciences.

Want to change the world? Your best
opportunity lies with a company like
Westinghouse. Contact L. H. Noggle,
Westinghouse Education Center, Pitts-
burgh, Pa. 15221—o0r see the Westing-
house interviewer on your campus.

An equal opporlunity employer.




STUDENTS...

PROFESSORS...

ENGINEERS...

CLEARPRINT IS THEIR COMMON DENOMINATOR

The reason for that is quality. To do the best work
you have to start with the best materials. For over 30
years Clearprint Technical Papers have served stu-
dents, educators, and professionals with distinction.
B Clearprint’s unchanging character includes 1009
rag uniformity, permanent transparency, outstanding
erasing and handling qualities. You get all this in
addition to Clearprint’s ideal ink and pencil surface.

w

e

® Everyone who uses technical papers should try this
comparative test: Draw, erase, and hold the sheet to
the light. Not a chance of a ghost! B Repeat and re-
peat this test. The results will amaze you. You will
agree — Clearprint is America's finest technical pa-
per. Introduce your students to it today. 8 Write now
for Clearprint samples, sizes, and prices.

CLEARPRINT PAPER CO. CEM-22
1482-67th Street, Emeryville, California

[} Send me Clearprint samples, with prices, for the following uses:

“FADE-OUY” PAPER

State Zip

R I O N O IS R T R N O e GO 0N W B R T N B R S

TECHNICAL PAPER Name
FORMS » CHARTS - GRAPHS Sehool
“"PRE-PRINT” PAPER
oM. Address
THERE 15 MO SUBSTITUTE
Uearprint is Watermarked For Your Profeciion & ity



ep hearing about ‘advancing the state of the art.” But you seldom hear it define

put, it means adding something to existing knowledge. That's OK, so far as i

But we at Ryan believe the “art’’ in the phrase should stand for ‘‘original.”’ In our
innovation is the key to expanding a technology. It goes beyond just adding t

n data. It's talent to see ahead, to anticipate a future need, and determination tc
‘om‘ething about it. We live by the philosophy: ““Tomorrow’s Technology Today.” Yo
evidence of that in the firsts we have racked up in Jet Target Drones, in V/STO
nce, in Space Age Electronics. To keep the firsts coming, we continuously see

believers in the art of innovation. When a Ryan representative visits

campus, ask what we mean, “being first is a Ryan tradition.”

akin
faﬂg.
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play-it-Safe thinker,

wwith
step-at-a-time philosophy...

vou're not geared for the pace of things at Celanese.

Mo other major corporation in our industry has grown so
fast. In the last ten years, sales have zoomed from $286.4
million to over $1 billion.

But that's just the beginning of the beginning.

We have a lot of serious growing to do. Right now. And
some substantial, ground-floor opportunities to offer you.
If you can help us grow.

We need competent, imaginative, flexible people —with
degrees in chemistry, chemical or mechanical engineer-
ing, physics, or industrial engineering. People who can be-
come a part of our continuing feadership in areas such as
acetyl chemicals, vapor-phase and liquid-phase oxidation
orocesses, fiber technology. And many more.

Frankly, we expect a lot. But we offer even more.

Like rewards based on performance—not on how old you
are, or how long you've been with us. By the same token,
we do not subject you to long formal training programs.
We do have a deep interest in helping you grow just as
fast as you can. And in giving you as much responsibility
as you can handle.

We believe that is the reason for our success—and as-
sured growth—in international markets for chemicals,
fibers, plastics, coatings, petroleum and forest products.

If a pace like this sounds good to you, discuss us
with your faculty and placement officer. And see our
representative when he is on campus. Or write to: John
B. Kuhn, Manager of University Recruitment, Celanese
Corporation, 522 Fifth Ave., New York, N. Y. 10036.

an equal opportunity employer

CELANESE



Ready for engineering growth?

Check the fields of interest to you,
and AiResearch, Phoenix will do the rest.

Turboprop engines for business
and military aircraft

Nuclear turbo-electric power
systems for space

 STC— |
1R N m—-

—
4 XA

Valves and control systems for
space vehicle boosters

Gas turbine propulsion systems
for high-speed rail cars

You can build a rewarding career in these and other
exciting growth fields at AiResearch, FPhoenix. Our
training program lets you immediately apply your
education in laboratory, preliminary design, and
development projects. Then, you are assigned to
an engineering team working on a project compat-
ible with your interest and aptitudes.

Al AiResearch, Phoenix, you can tackle problems
in the design of high-temperature or cryogenic
valves; work on secondary power systems for tran-
sonic, supersonic, or hypersonic aircraft; advance
the state of the art in turbomachinery; or help
develop sophisticated systems for missiles,
boosters, or manned spacecraft.

Interested? Fill in the coupon. We'll send you
all the facts about AiResearch, and lef you know
when our representative will visit your campus.

Onboard turbines and control
systems for jetliners

Gas turbine energy plants
for on-site power

i i e i b o D U SR T DS R, . i s i ot o i s S S N N T

Mr. Harley Petterson

AjResearch Manufaciuring Company
Division of The Garrett Corporation
402 S. 36th Street, Phoenix, Arizona 85034

Ganneyy)
-~

Name

Home Address

Gity State Zip
College or university
Degree: [ | BS ' MS T PhD Graduation date.

Ioam
work:

interested in this type of

i Prneumatic, hydraulic, and
mechanical controf systems

I Preliminary design

0 Mechanicat design
Develop i
Testing %
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LETTERS

Guaithershurg, Maryland

EDITOR:

The interviews with Dr. Bruce
Murray on the U.S. space program
{ March EdS) are marvelous. Never
betore have |
which I suspect are held by most of
the backers of this program ex-

seen  the reasons

pounded with such refreshing can-
dor.

Normally, our space expenditures
are justified in terms of national
secnrity, the ultimate benefit  to
humanity of new scientific knowl-
edge, or the enhancement of our
prestige among other nations. But
it’s clear that in Dr. Murray's mind,
he and his fellow explorers (a group
which he identifies with the USA)
are engaged in an exciting contest
with their opposite numbers in the
USSR (a group which he identifies
with the Russian nation as a whote).

The object of any contest is, of
couse, to win, and the way to win
a space contest is to get there first—
wherever “there” may be defined to
be. Never mind what you find when
vou get there—just get there first. So
it’s Bruce Murray vs. the Russians in
arace to Jupiter, and Mr. Congress-
man, please appropriate a few extra
million so that Murray and his bud-
the entire nation)

dies (i.e., ) can
feel a glow of pride and satisfaction

becanse they WON!

PHILIP HAYWARD 48

Calgary, Alberta

EDITOR:

The excellent article by Milton
Plesset, “Nuclear Power and Nu-
clear Proliferation” (Januavy E&S)
has given much food for thought to
ns in the mineral and fossil fuels
industries. There would seem to be
areater future change i energy
sources than has been recognized
by exploration programs.

I owant to take exception, how-
ever, to the assertion that termina-
tion of programs of underground
nuclear explosions should be  ef-
fected by all nuclear powers, On the
contrary, the potential benefits of

B}

subsurface nuclear applications are
vast; and the step that needs to be
taken is exactly the opposite of
Professor Plesset’s solution, namely,
to rid the development field of poli-
tical interference.

It is not reasonable and should
therefore be wnacceptable to any
scientist considering matters of nu-
clear proliferation to proscribe non-
military subsurface nuclear develop-
ment. In fact, such a course is the
proverbial throwing out of the baby
with the bath water.

C.WARREN HUNT 45

Berkeley
EDITOR:

There are those of us among the
alimmni readers of E&S who were
startled to find an article entitled
“The Radical Right” by Robert A.
Rosenstone in the March 1968 issue.
that the Institute
(which welcomed the off-beat intel-
lectuals of a past generation) now
calls upon that Messiah of the re-
actionaries, anti-intellectuals,
supporters of shoddy materialism—
Ronald Reagan—to kick off the cur-
rent fund drive . .
shock to think that maybe libeval
thought  had

Considering

and

it was a pleasant
again,  somehow,
seeped into Pasadena.

What a letdown to find that the
great leader of liberal thought for
whom this drom is being beaten is
that well-known intellectnal and ex-
ponient of true American thonght,
Barry Goldwater.

ROBERT STIRTON 30

Ontario

EDITOR:
Dr. Robert
Mareh issue gave what L& S called

Rosenstone  in the

“an account of the Radical Right as
he sees it today.”
Tt was a good expression of his
worth
that

opinion and, as such, well
reading, There is no doubt
many of his points are valid,
However, it s my opinion that
much of Dr.

Rosenstone’s dissertn

tion is of the nature of preaching
the admonition “be objective; don't
generalize.” This is good. It would
then have been even better if he
had ended with the old adage “do
as [ say, notas I do,” nothwithstand-
ing the generous admission in the
body of his text that “There may be
sound reasons for agreeing with
some rightist views.” The credibility
of this admission is strained, how-
ever, since Dr. Rosenstone seems to
imply that all vightists are, or will
become, the mentally defective Rad-
ical Right adherents which he de-
seribes with such fear and fervor,

WILLARD E. BAIER 23

Kingsville, Maryland

EDITOR:

Generally, T find mest of the ma-
terial in &S both informative and
factual; in fact, that is the reason
[ enjov reading it. In the March
1968 issue, 1 feel that you have
done the magazine, the Institute,
and the alumni a disservice in the
publication of the article by Robert
Rosenstone.

I am sure that Dr. Rosenstone
undoubtedly sincerely believes what
he savs, but T am afraid that he has
allowed himself to become a radical
thinker of at least as serions a degree
as the kind he punishes so severely.

Franklv, 1 just don’t think that
this kind of writing belongs in our
alumni magazine. I feel that ma-
terial to be considered should be
Factinal, analvtically
thought out. I am unable to con-

logical, and
vinee myselt that this has been done.
There is an almost infinite varietv
ef shades of viewpoints between
Pr. RHosenstone’s, which to me ap-
pears to be well into the radical left,
and the radical right ..

U visited Caltech in January and
was told at that time that Caltech
had become rather socialist orien-
ted. To me, this was disappointing
to hear because in true sociadism (as
Punderstand it) there s hardly o

need for sehools of Calteeh's culibre.

continued on page 45
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For maore

Western Electric gets a fast fix on magnetics.

Anyone planning to use a mag-
netic material for anything more
subtie than picking things up had
better know its hysteresis curve.
That's the curve that shows how
much magnetic flux is induced in
a material by applied magnetizing
forces of either polarity. Western
Electric uses many kinds of mag-
netic materials in the communica-
tions -equipment we build for the
Bell -System. And for very :subtle
purposes.indeed.

So we draw -a lot of hysteresis
curves. And, by old test methads
it “could. take up to two hours to
draw even one.

Since flux -changes :in ‘many -of

ge Relations, W,

the materials we use produce very
weak forces, people have been try-
ing for years to work out a hystere-
sigraph that will get these forces
to move a recording pen. Until re-
cently, the closest anybody had
come was one of our engineers.

His ‘device employed a galva-
nometer, a mirror, a pair of photo-
cells, a servo amplifier and motor,
and an elaborate set of balancing
and positioning ‘controls. It drew
nice-curves, 'but - the slightest vi-
bration threw it off, and getting it

Co., Room 2510A, 222 Br

set to go again took time, skill, and
infinite patience.

The same engineer who devised
that hysteresigraph recognized the
possibilities of a newly developed
device called an electronic opera-
tional amplifier. He designed a
new, all-electronic hysteresigraph
around it that draws accurate
curves in about five minutes,
needs hardly any adjusting, and is
completely indifferent to vibration.

This is the kind of continuing in-
ventiveness Western Electric brings
to its job as manufacturing and
supply unit of the Bell System.

@ Wesftern

MANLFACTURIA

opportunity employer
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The Far Reach of Science

Six distinguished Caltech scientists joined forces
this spring to compress into a single symposium their
knowledge of “The Far Reach of Science.”

This day-long program was originally presented to more
than 400 business executives in New York on March 18
and was repeated two days later for a similar audience
in Chicago. The symposium was an invitational conference
sponsored by Life magazine, in cooperation
with Caltech, to give business and industrial leaders
some insight into what modern science is all about.

The speakers addressed themselves to some of the most
basic questions of science:

What is the nature of the universe?

What is the nature of life?

How does such knowledge affect our daily lives?

Caltech president Lee A. DuBridge presented an
introduction to this experiment in education and pointed up
the interrelationships between the various scientific
disciplines represented by the five speakers—

William A. Fowler (astrophysics), Murray Gell-Manmn
(theoretical physics ). Robert Sinsheimer ( biophyvsics ),
James Bonner (biology ), and Harrison Brown
( geochemistry, and science and government ).

This issue of Engineering and Seience is devoted to
these talks which so successtully prove why some
understanding of modern science is not only important

for businessmen but for everv one of us.




Speakmg ol Science - The men who took part in “T'he Far Reach of Science.”

An Introduction
LEE A. DuBRIDGE. In the 22 vears that Lee DuBridge has

been president of the California Institute of Technology he
has devoted endless energy and enthusiasm to improving the
quality of education—in particular, scientific education. His
participation in “The Far Reach of Science” is a further con-
tribution to that cause.

The Nature of the Universe

WILLIAM A, FOWLER has been studving the structure and
behavior of atomic nuclei for 32 vears at Caltech. In the last
20 vears, however, he has used his knowledge and skills to
do important research on the svnthesis of elements in stars.
Along with two colleagues he has outlined a theorv of the
origin of the solar system which may serve as a kev to
understanding the history of the entire universe.

The Nature of Life—I

ROBERT L. SINSHEIMER is professor of biophysics, chair-
man of Caltech’s division of biology, and a gifted writer,
particularly on the subject of the moral responsibility of the
scientist for the future of man. His most recent scientific
achievement—his part in creating the first artificial synthesis
of active DNA of the virus Phi X 174,

The Nature of Life—I1

JAMES BONNER. When Dr. Bonner first came to Caltech in
1935, he was involved in plant biology. Since then he has
worked in biochemistry, hiophysics, and on the molecular
basis of the control of genetic activity in both plants and ani-
mals. Most recently he has hecome interested in the molecular
problems of the brain and the basis of memory., With this
wide range of interests Dr. Bonner is well qualified to make
some interesting predictions about the future of genetics.

A Summing Up

HARRISON BROWN, professor of geochemistry and of sci-
ence and government, hay interests which go fur bevond the

confines of his specialties—geochemistry and planetary sci-
ence, His absorption with the interaction of science and so-
ciety has led him to devote his capacities to building up inter-
national relationships among scientists thronghout the world
—especially through his daties as foreign secretary of the
National Academy of Sciences.

The Nature of Matter

MUBRRAY CELL-MANN. first Robert Andrews Millikan Pro-
fessor of Physies at Caltech, established a theory predicting the pattern of snbatomic clemen-
tary particles in 1962, Twao vears Tater the discovery of the omegu-minug particle confirmed
the theorv, Dro Gell-Mann's symposium talk, about these patterns and their origin, originally
appearcd in ngineering and Science in Janoary 1967

Fnoineering aned Scienee



AN EXPERIMENT WORTH TRYING

An Introduction to The Far Reach of Science.

by Lec A. DuBridge

W(z are here to try an experiment. It is the
essence of any experiment that its results
cannot be predicted; otherwise it is not an
experiment, it is only an event. Since we are
always doing experiments at Caltech, we are
willing to try this one.

The nature of the problem this experiment
seeks to answer is simply this:

Can we as scientists bring to a group of
business and professional leaders who guide
the practical affairs of this country, and who
have no professional concern with science,
some insight into what modern science is all
about and why it is important to every person
on this planet? 1 don’t know whether we can
or not. But we firmly believe it is worth trying.

The advance of science in the past 300 years
has had a profound effect on the way human
beings now live and think. There is no moment
in your life that vou are not doing things,
thinking things, using things that were un-
heard of or impossible to think about 300 vears
ago when modern science began. The food you
cat, the clothes you wear, the medicines you
take, the way vou travel, the way vou com-
municate with others, the products you make
or sell, the industries you operate or invest in
or persuade others to invest in, the way you
think about the world—all of these things are
new in the past 300 years or at least have been
profoundly altered by scientific knowledge
and vinderstanding.

A handful of scientists plus a somewhat larg-
er handful of engineers and technologists have
radically changed the nature and quality of
human life. Our ways of thinking have been
altered too, because today we think not on the
basis of superstition but on the basis of at
feast some understanding.

Mey 1968

[ am not suggesting that the nature and
quality of human life is all that we would like
to see I, But 1 am suggesting that, because we
have much knowledge and because we are so
rapidly acquiring more, the process of chang-
ing the quality of life is today nnder our con-
trol. This was not true 300 years ago or even
100 years ago. And it is not as true today as it
will be in the decades and centuries to come.
But it is sufficiently true today to suggest that
all of us should be aware of the nature of the
process of advancing the knowledge which is
making it technically possible for us to make
onr dreams come true—or possibly, by inadver-
tence, fail to make them come true.

The human being is the one animal
equipped with a brain capable of abstract
thought. The brain is, in fact, man’s principal
instrument of survival. So it is not surprising
that a prime urge of an animal with such a
brain is to nse it to acquire knowledge, to at-
tain understanding, and to find ways of using
his knowledge to make his life a better, safer,
and fuller one.

We know that man’s curiosity about the na-
ture of the world he hves in is as old as man
himself. Before the dawn of recorded history
man looked at the stars, speculated about their
nature, and plotted their motions. He looked
at the world around him—at the wind, the rain,
the earth, the sea, the heat, the cold, the burmn-
ing fire—and he puzzled about these things. He
puzzled also about himself, about birth and
death and sickness and disease. He asked many
questions: Why do the winds blow, the rains
fall, the stars move? He asked also: How did
it all begin? How will it all end?

Farly man proposed manv answers to these
questions, and often the answers became a

I



part of his religion or his philosophy of life.
Indeed, what we now call science was once
called natural philosophy, as distinguished
from moral philosophy.

In view of the fact that man’s penchant for
speculating about the nature of things is so
ancient, it seems remarkable that only mod-
erately recently in human history did man
finally discover a systematic way of answering
his age-old questions and discovering the how
and why of nature.

It may be even more surprising to realize
how far man has progressed in that 300 years
since science was born. For when Galileo first
measured—not just looked and speculated, but
measured—how bodies fell to the earth and
when Newton enunciated the general princi-
ples which he found to govern these phenom-
ena, mankind entered a new and exciting era,

The scientific endeavor has had an extraor-
dinary history. Every now and then someone
who is overly impressed by what has been
learned has had the bad judgment to suggest
that now we know it all, that the progress of
knowledge is finished, and that the world is
at last fully understood.

This was said by distinguished people at
the beginning of this century. How fabulously
mistaken they were! For every year the acqui-
sition of knowledge has, in fact, accelerated.
New discoveries have been made, new mys-
teries revealed, new tools for asking new
questions of nature have been invented. And
so today, while we perceive a vast sea of
knowledge behind us, we see an even vaster
sea of ignorance ahead.

But that sea of ignorance no longer frightens
us; it challenges us to new ventures. For we
now know that, bit by bit, knowledge will re-
place this ignorance.

The depth of our ignorance is suggested by
the three basic questions that we are going to
be dealing with in this symposium:

What is the nature of the universe?

What is the nature of matter and energy?

What is the nature of life?

About each of these questions much s
known, but also there is much that is tmknown,
And the efforts to explore this unknown are
more energetic and productive today than
ever before.

What is the goal of all this effort? The goal

12

is simply understanding—learning the facts of
nature’s behavior and trying to comprehend
the principles that underlie this behavior.

The principles that one seeks are, of course,
more important than the facts that one finds;
for tables of facts in themselves are sometimes
pretty useless. You can have all sorts of statis-
tics about what is going on in the world, but
unless you have some general concepts which
correlate and make the statistics meaningful,
yvou do not have understanding. But when we
do understand the laws which underlie the
facts, the facts come to life. What is more, only
then can we predict the relationships between
facts and new facts, and only then can we pre-
diet with confidence the future behavior of
nature,

Because we know the laws of motion and
gravitation with astonishing accuracy, the tra-
jectory of a spacecraft headed for Mars can be
predicted and come out very close to the pre-
diction. Because we understand the laws of
electromagnetism, we can predict with pre-
cision and confidence the behavior of a new
electric power plant or a television transmit-
ter. Because we understand quantum mechan-
ics, we can understand the behavior of atoms
and molecules, including the very complex
molecules that make up human beings. Be-
cause we understand a small number of basic
principles, we see the unity of science. We see
that the laws which govern the most distant
galaxies are the same as those which govern
the behavior of living cells and of the atoms
and molecules of which they are made.

And that, I trust, will be the principal les-
son for today—that science and its companion
technology are not many unrelated subjects;
they are one.

Onee these three branches of science—the
universe, the atom, and life—seemed to have
very little relation to each other. But today we
know better. These three fields are unified by
a comprehensive set of principles which ties
them all together, which makes sense out of
the knowledge we have acquired, and which
makes possible a more systematic quest for
new knowledge.

We don't understand it all, but we do un-
derstand enough to see the unity of these basic
principles and know that more basic principles
await our examination and discovery.

Engincering and Science



The Far Reach of Science—1

THE

EXCITED
UNIVERSE

by William A Fowler

A progress report on studies at Caltech

and elscwhere on the frontiers

of astronomy and astrophysics.

May 1968

Al] of us have looked up at the sky on a
dark, clear night. If we watch awhile, the stars
seem to march steadily and majestically across
the sky; the starry heavens appear serene and
calm. Nothing could be farther from the truth!
Telescopes and  other instruments—on  the
oround, i balloons, in rockets, and in satel-
lites—reveal to the astronomer and the physi-
cist quite another picture, a picture of an ex-
cited universe in which exploding stars and
exploding galaxies plav dramatic and impor-
tant roles.

A revolution in astronomy and astrophvsics
has taken place since World War L In this
period, optical astronomy—the study of or-

dinary light from celestial objects—has made

&

areat progress. But even greater progress has
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“We work very hard

in our terrestrial laboratories
to understand what s going on
in the excited universe,

but so far our ignorance

is matched only by our bewtlderment.”

been made i other fields. It has been found
that celestial objects emit radiation all across
the eclectromagnetic spectrum—radio waves,
infrared waves, x-rays, and gamma rays. Ra-
dio waves and infrared waves have longer
wavelengths and lower intrinsic energy than
ordinary light waves. X-rays and gamma rays
have shorter wavelengths and higher intrinsic
energy.

The principal heroes of this revolution have
been the radio astronomers. The discovery of
radio emission from galaxies, from the starlike
objects called quasars, and from the newly
discovered objects called pulsars has opened
up a new era in astronomical observations and
theory. We work very hard in our terrestrial
nuclear and atomic laboratories to understand
what is going on in the excited universe, but
so far our ignorance is matched only by our
bewilderment. This, then, is a progress report
on studies at Caltech and elsewhere on the
frontiers of astronomy and astrophysics.

All of these new and exotic radiations in-
volve the emission of energy from atoms and
nuclei or from swift electrons moving in strong
magnetic fields. They represent the methods
by which objects in the excited universe are
de-excited—methods by which their appar-
ently enormous supplies of energy are released
into the vast reaches of space.

One of the principal questions raised by all
these new observations is: What is the ultimate
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source of energy for these prodigious emis-
sions of radiation? Is it nuclear energy, gravi-
tational energy, or some new and unknown
source of energy?

Nuclear energy is the basic source of power
in ordinary stars. Stars are born, evolve, and
come to a variety of untimely ends. During
their lifetime, they shine on energy generated
by the process of nuclear fission. Stars are truly
nuclear furnaces.

The way in which stars operate as nuclear
furnaces is one of the most exciting and im-
portant problems in science today. There are
two reasons why. One, we know that nuclear
fusion processes generate the energy which
makes stars shine with an enormous output of
licht and heat. With our nuclear reactors we
have successfully harnessed what we call nu-
clear fission, but we have not succeeded in put-
ting nuclear fusion to work. We can study fu-
sion in our laboratories, but so far we just
cannot make it work on a practical scale as a
source of power. Thus our studies of the nu-
clear fusion that takes place in the sun and
other stars have long-range implications for
all of us.

There is a second reason. Nuclear processes
generate energy by changing one elementary
form of matter into another. We often speak
of these processes as the “transmutation of the
elements.” This was the age-old dream of the
alchemists, and in the 20th century this dream
has come true. In onr laboratories we can
change one element to another on a small
scale, and in our fission reactors on a large
scale.

On a far grander scale, fusion is transmut-
ing elements in the stars. This has led us to the
belief that perhaps all of the heavier elements,
such as carbon, oxvgen, iron, lead, and uran-
ium, have been built up in stars from the light-
est of all the elements—hydrogen—which we
take to be the primitive material with which
the universe began,

Let us now examine the role played by stars
and galaxies in the generation of energy and
in the creation of new elements.

Many of the observations on the astronom-
ical universe have been made with the mag-
nificent 200-inch telescope on Mount Palomar,
The largest systems seen with telescopes of
this type are called clusters of galaxies. If vou
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look in the direction of the constellation Virgo,
but far back of it, you see the Virgo Cluster of
associated galaxies. Our own galaxy, the Milky
Way, is in the so-called local group, which
contains 16 other galaxies. Unfortunately we
are imbedded in our own galaxy so we can’t
get an over-all view, but we know that our
galaxy looks very much like its twin, the spiral
Andromeda Nebula. Also unfortunately, we
can’t even see the center of our galaxy becaunse
of the large amount of obscuring gas and dust
between us and the center.

Here I want to emphasize the exchange of
matter between stars and the interstellar me-
dium, which is filled with gas and dust par-
ticles. It is in the stars that the nuclear reac-
tions by which energy is generated are taking
place. It is in the stars that element synthesis
takes place—the transmutation of one elemen-
tary form of matter into another.

It is in the interstellar medium, once this
material is ejected by some kind of explosive
phenomena, that the mixing takes place. Then,
eventually, when new stars are formed by
condensation, they not only contain the pri-
mordial hydrogen of the interstellar gas and
dust but also contain the nuclear debris of
the processes that have taken place in stars of
previous generations.

What is the evidence that stars form? And
what is the evidence that stars explode?

Evidence that stars form from the interstel-
lar medinm can be seen in the nebula in the
consteilation Sagittarius, located in our galaxy.
This nebula of gas and dust is being illumi-
nated by bright stars embedded in it, and it is
reflecting light into the telescope and into our
eves. It is always in regions where there is a
areat deal of material from which stars could
he formed that astronomers find the newly
formed stars, which can be very bright—so
bright, in fact, that they are exhansting their
nuclear fuels o a very short time scale. This
means that thev must be voung.

With this indivect evidence, namely that
voung stars are always found associated with
great clouds of gas and dust, we believe that

=

stars are forming in the galaxy all of the time
and have been since the formation of the
aadaxy itself,

So now stars have tormed. What happens to

them?
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Our galaxy looks very much like

its twin, the spiral Andromeda Nebula.
If our solar systenm were loeated in
Andromeda, we would be somewhere
halfiway out from the central nucleus,
nestled in the inner edye

of one of the spiral arms.



“A revolution in astronomy

and astrophysics

has taken place since

World War II ... The principal
freroes of this revolution

have been the radio astronomers.”

Just imagine that we are down deep in the
interior of the sun, where the temperature is
something like 15 million degrees. We know
that the sun consists primarily of hydrogen
and helium, with some mixture of heavier
elements—only about 1 percent in total—which
has been produced in previous stars. We are
uncertain concerning the origin of the sun’s
orimordial helium. It may have been produced
in previous stars, or it may have been produced
in the “big bang™ at the beginning of the ex-
panding universe.

Because of the high temperature, all the
nuclei and electrons are moving at high veloc-
ity, and two hydrogen nuclei, called protons,
can collide at these high velocities. When they
collide, we know that positrons and neutrinos
are emitted. The main point, however, is that
the nucleus of the heavy isotope of hvdrogen,
the deuteron, is formed. The deuteron has
mass 2 on the scale used in nuclear physics.
On this scale, the proton has approximately
the unit mass or mass L The deuteron takes
up the motions of the other nuclei and elec-
trons, and eventually a deuteron collides with
another proton. We know, from a reaction
which we can study in detail in the laboratory,
that when a deateron and a proton combine
with the emission of camma radiation, they
form a nuclens of mass 3, which turns out to
be an isotope of the element helium, the
second element in the periodic table.

For many vears we didn’t know what hap-
pened to the He' naclei because they don’t
interact strongly with protons, and the deu-
terons are consumed mostly by their interace-
tion with protons. We know from laboraton
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experiments that He* can collide with another
He" produced in exactly the same way to form
He' with two protons being siven off. So six
nuclei of hydrogen unite to form helium, and
we get two of them back. The over-all result
is that four hydrogen nuclei have been
changed into a helium nucleus, and at the
same time that this has been taking place
energy has been generated. The mass balance
is almost exact, but not quite. The He' weighs
a little less than the four hvdrogen nuclei, and
by Einstein's principle, E==mc¢?, the mass lost
is converted into energy. In pr‘dcticui units, a
pound of converted hydrogen gives 100 mil-
lion kilowatt-hours of energy.

We have to work out detailed processes like
this in the laboratory to tell astronomers some
of the facts about the processes which they
can use in their calculations of energy-genera-
tion and element-transmutation in the stars.

Actually this is a very old story. Tt was in
1920 that Arthur S. Eddington first suggested
that the conversion of hydrogen into helinm
is the source of energy in stars. In 1920 15d-
dington’s critics—and he had many of them
bhecause he was an outspoken man—pointed
out to him that all these hydrogen nuclei are
positively charged, and thus they electrostati-
cally repel each other. They argued that even
at the center of the sun the temperatures are
not high enough that the hvdrogen nuclei will
have velocities great enough to overcome the
electrostatic repulsions and thus form the deu-
terons and the He® and the He®.

In 1920, when Newtonian mechanics was
still the basis of physics, Eddington didn’t

The Tusion of ordinary hvdrogen i the sun,
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know the answer, but he had enough faith to
give this reply to the critics: “We do not argue
with the critic who urges that the stars are not
hot enough for this process. We tell him to go
find a hotter place.”

LEddington’s critics were saved from their
fate by quantum mechanics, which tells us
that even though the electrostatic barrier be-
tween two positively charged particles is a
very great one, there is a finite probability of
penetrating this barrier and forming com-
pound systems.

To show how close the ancient Greeks were
to these ideas, this is what the Greek philos-
opher Leucippus is reported to have said more
than 2,500 vears ago:

They tatoms! move in the void and catching
each other up jostle together, and some recoil
in any direction that may chance, and others
become entangled with one another in various
degrees according to the svmmetry of their
shapes and sizes and positions and order, and
they remain together and thus the coming in
being of composite things is effected.

I don’t know if we have really learned very
much in the last 2500 years or not. But the
essential diflerence between the Greek philos-
ophers and us is the fact that we can do ex-
periments which show that these transmuta-
tions of the elements really come about.

In our laboratory at Caltech we use five
electrostatic accelerators. In such devices we
accelerate nuclei to velocities as great or even
greater than they have in stars, and we study
the details of the nuclear transmutations pro-
duced when these high velocity particles col-
lide with stationary “target” nuclei.

Now let us examine the idea that stars can
cject their nuclear debris back into the inter-
stellar medium. The most spectacular shape of
this is the Crab Nebula, seen in the direction
of the constellation Taurus. 1t is famous for the
fact that in 1054 A.D. Chinese astronomers saw
a new star appear where we now see the Crab
Nebula, (We eall these phenomena super-
novae: they had a delightful term for it—"vuest
star.”) And in the intervening period of 914
vears the explosion has moved the material out
from the central region. If vou measure its
velocity and size, vou can show that in 1054
all of this material was back in a compact
form—a starl We see no evidence for the cen-
tral star that exploded, so presamably the
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whole star was disintegrated.

The Crab Nebula is the prototype of those
celestial objects from which we can detect
radiation from all across the electromagnetic
spectrum. Radio astronomers find strong radio
waves coming from the Crabh, mostly from an
extended region very close to the center.
X-rays and gamma rays are also observed.

In addition to the luminous material, we

- -

The Crab Nebula, which consists of the expanding
debris of a supernova that appeared in 1054 A D is
the prototype of those celestial objects from which
astronomers can detect radiation from all across the
electromagnetic spectrum—radio waves, x-ravs, and
gamma ravs.

think there are fast electrons moving in great
spirals in the magnetic fields which thread all
the nebula. And we know that electrons mov-
ing in the magnetic fields give ofl what is called
synchrotron radiation—just as the electrons
that we accelerate in our synchrotron accelera-
tors give ofl radiation. This radiation covers
the entire spectrum from radio waves through
visible waves into the x-ray and gamma-ray
regions.

There have been three supernovae in onr
onwn galaxy in the Tast 1,000 yvears—the one in
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The elliptical galaxy Centaurus A

s typical of what the optical astronomer

finds at the point where the

radio astronomer says there s a

source of radio emission.

This s a mixture of 1,000 mallion stars.
Some catastrophic event produced the
dust lane which civeles the galaxy.

The radio-emitting region of

this galaxy is enormous compared

to the size of the galaxy itself.

s

1054 observed by the Chinese, one in 1572
studied by Tycho Brahe, and one in 1604
studied by Johannes Kepler. Nowadays we see
supernovae mostly in galaxies other than our
own. In 1966, ten supernovae were discovered,
so we can and do study supernovae occurring
frequently—10 to 20 a year—in other galactic
systems.

Caltech’s radio telescopes, in the Owens
Valley in California, are used by radio astron-
omers in somewhat the same way a human
being uses his ears—to pinpoint the location
of the radio emissions from outer space. Be-
cause of the instruments in locations all over
the world—in Australia, England, Holland,
Russia—radio astronomers can tell the optical
astronomer, “There is a source of radio emis-
sion. Look and see what you can find there.”

Typical of what the optical astronomer finds
at the point whvro the radio astronomer says
there is a source of radio emission is an ellip-
tical galaxy called Centaurus A, observed in
the direction of the constellation Centaurus. It
has always been known that this galaxy is
rather strange—a mixture of 1,000 million stars
with a great dust lane that circles the galaxy
and which is absorbing the light. Some type
of terrific catastrophic event which happened
in its history produced this dust lane and the
radio emissions. The radio-emitting region of
this galaxy (a galaxy comparable in size to
ours ) is enormous compared to the size of the
oalaxy itself.

The electrons and magnetic fields were
ejected perpendicular to the obscuring ma-
terial which forms the dust lane, and now syn-
chrotron emission in the form of radio waves
comes from two patches above and below the
plane of the dust lane,

FEven these radio galaxies are not the most
exciting things that the radio astronomers have
found. ht\ also found the guasi-stellar ob-
jects called quasars. They are radio sources
which, when viewed by the optical astron-
omer, look very much like a star. When the
optical astronomer looks carefully at quasi-
stellar ob jects, he finds they all show a very
large red shift. That is to say, the optical lines

which the astronomer sees in the emission
Emm the obje (t are shifted to the red in color.

The kin § evidenece astronomers have got-
ten from s (i_\*infg the red shift of ordinary
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galaxies led to Hubble’s Law: The more dis-
tant the object, the greater the red shift of its
radiation. Previous to the discovery of the
quasars this had only been found in galaxies.
But with the discovery by Maarten Schmidt
of Caltech of the quasi-stellar object, ved
shifts many times greater than are found in the
most distant galaxies have been found in the
quasi-stellar objects.

One of the most distant quasi-stellar objects
that has been found so far is 3C191 (which
means it is the 191st object in the third catalog
of the Cambridge Radio Observatory in Eng-
land). In its spectrum the lines of hydrogen
and carbon are shifted to the point where their
wavelength is three times that of the wave-
length of the corresponding light that we can
study in the laboratory. This means that the
red shift is about 2, whereas all of the galaxies
that have been studied previously have red
shifts of, at the most, 3 to 4.

So, on the basis of the interpretation of the
red shift (and this is not accepted by every-
one) as implying greater distance, these quasi-
stellar objects are the most distant things that
we find in the universe. And being very distant
means that in order to give the amount of ra-
diation which we receive, they intrinsically
must be pouring out a great amount of radia-
tion at their sites.

We would all be very skeptical of this if it
wasn't for the fact that with the discovery of
the quasars optical astronomers began to look
at strange systems, such as the galaxy called
M8B2. By studying M82, Allan Sandage of Cal-
tech was able to show that there was an explo-
sion in it, something like five million years
ago, and the total amount of material ejected
is something like five million times the mass of
the sun.

We know, intuitively almost, that the large
amounts of energy involved in the quasar
emissions must involve large masses that have
been ejected from some kind of an explosive,
violent event in the galaxy.

Five vears ago Fred Hoyle, Plumian Profes-
sor of Astronomy at Cambridge, and T were
thinking of where the energy comes from that
throws out this enormous amount of gas, and
we came up with the idea that nuclear reac-
tions couldn’t possibly do it and that perhaps
it was gravitational collapse, followed by ex-
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“Radio astronomers have just
observed radio pulses at several

points in the sky which come in
remarkably steady periods of

the order of one second . .. It is almost
certain that these pulses

arise somewhere in our galaxy but

definitely from outside the solar system.”

plosion of the outer material around a central,
imploding, gravitationally collapsing core. I
talked abont it at a meeting of the American
Physical Society, and afterwards reporters
talked to me. Two weeks later T picked up
Time magazine (February 8, 1963) and read:
“Astrophysicists Hoyle and Fowler from Cal-
tech told the American Physical Society that
galaxies often explode with improbable en-
ergy.”

You may think that all T have told you is
highly improbable. This could well be true.
But there has recently been a discovery which
seems more improbable. Radio astronomers at
Cambridge, England, have just observed radio
pulses at several points in the sky which come
in remarkably steady periods of the order of
one second. For one of the pulsing sources,
or pulsars as they are called at the moment,
the period has not varied by one part in one
million over the six months since its first de-
tection. It is almost certain that these pulses
arise somewhere in our galaxy but definitely
from outside the solar system. Numerous sug-
gestions concerning the nature of the pulsars
have already been made. Some think that the
pulses come from vibrating white dwarfs,
which are very small, very dense stars, or from
vibrating neutron stars, which 2re even swaller
and even more dense. There are even those—
and I refer to respectable scientists—who think
that the pulses represent signals from some ad-
vanced civilization somewhere in the galaxy.
But in any case, here is one more example—a
very current one—of the excited wuniverse |
have been talking about.



The Far Reach of Science—I111

“The living organisms of today

have had the benefit of two billion
years of selective molecular evolution.
Soon we shall have that cumulative

mgenuity at our fingertips . . .

and with it not only the power
lo alter the natural world,

but to alter our very selves.”
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S()mctimos in the din and gore of a Vietnam,
in the fury of a ghetto riot, or even in the drab
tension of a traflic snarl, it becomes difficult
to remember our larger purposes—our ancient
and endless need to understand the deeper
sources of these festering trials. And the deep-
est source, the root cause, lies surely in our
own nature, in the nature of man,

That the nature of man has heen at once the
source of his triumph and the sced of his
tragedy has been evident since the Greek phi-
losophers, if not before. In the lines of Alex-
ander Pope:

Know then thyself, presume not God to scan,

The proper study of mankind is man.

Placed on this isthmus of a middle state,

A being darkly wise and radely great.

And this is even more true in a world inereas-
ingly subject to man’s dominion.

There are, of course, many ways to view the
nature of man, but with all due respect to the
philosophers and the poets, the prophets and
the plavwrights, T submit that in a scientific
and quasi-rational age it is appropriate and
indeed valuable to consider man a part of the
natural universe—as the latter-day product of
two billion vears of evolution and as an aston-
ishing evocation of the remarkable potentials
inherent in organized matter—vyet of one piece
with the electrons and the atoms and the mole-
cules, with the waves and the particles that
comprise the bulk of the cosmos.

Modern biology is now poised to provide a
new and profound approach to the under-
standing of the nature of man. And with that
understanding will come wholly new powers
to alter man’s very being. 1f we are to channel
these powers to our intent and not to the hap-
less contrary, then we must soon, in commen-
surate degree, alter and enlarge our concep-
tion of the place of man and his potential,

This yvear, 1968, is the 100th anniversary
of the discovery of nucleic acid by Fritz
Miescher. Today we know that Miescher's
material—deoxyribonucleic acid, or DNA—is
the chemical substance of the gene—the carrier
of heredity. The vear 1865 was but three years
after the then unnoticed publication of Men-
del’s now famous papers which in one stroke
resolved the age-old riddle of inheritance, 1t
was but nine vears after the publication of
Darwin's The Origin of Species, with its revo-
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lutionary doctrine of the evolution of living
creatures that marked the beginning of the ra-
tional attempt to view man as a product of
nature.

But no one could have foreseen that these
seemingly disparate discoveries made within
a short period of vears would, 90 years later,
flow together into a great synthesis that gives
us the deepest insight into the molecular strat-
cay of life and a coarse sense at least of the
craft of evolution as the architect of biology.
This synthesis has conceptually bridged the
long-mysterious gulf between the world of the
living and the non-living and thus permitted
an easy acceptance of the continuity between
the inanimate and the animate matter, based
upon a calm understanding of the potential
for life inherent in molecular organization.
Today we understand the self-renewing struc-
tural order and molecular flux intrinsic to a
living cell. This synthesis had, of necessity, to
await a prior maturation of physics and chem-
istryv—the sciences of matter. With their ma-
turity, in the early part of this century, with
the insight they provided into the nature of
atoms and molecules, and with the techniques
and instruments that could be devised with
this knowledge—with the radioisotopes, the
ultracentrifuge, the x-ray camera, and the elec-
tron microscope—modern biology could truly
bhegin.

And it is because modern biology has sought
understanding at the molecular level where it
could rely upon the sure footing of physics
and chemistry that we have made the dra-
matic, self-confident progress of the past two
decades,

This svuthesis had also to await the slow,
growing realization that living svstems are in
fact, it gently and widely dissected, surpris-
ingly dissociable. A priori, this was not self-
evident. A living cell could have been such an
intricately integrated device that the isolated
individual parts would be largely nert and
functionless. But it is not so. With increasing
skill and knowledge, we can perform more and
more functions of the cell with purified com-
ponents reassembled in o test tube.

It is probable that this dissociability is in
fact a necessary consequence of an evolution-
ary mode that has proceeded by independent,
initary steps. If the biochemical networks be-
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“Walter, explain DN A just once more

came too tightly interwoven, even it more
efficient, they would soon have come to an
evolutionary dead end, incapable of unitary
change. There is in this perhaps a moral to be
observed in our modern social structures.

One relevant example of the dissociability of
cellular function is the recent synthesis in a
test tube of an intact, infective DNA molecule.
One can only wonder if Miescher, fishing his
nucleic acid out of an unknown soup of com-
pounds with the crude chemistry of his day,
could have foreseen the time when this nucleic
acid would be combined with other functional
cellndlar components, each carefully identified
and isolated and purified, to bring about there-
by, at will, a true molecular replication—the
synthesis of new DNA molecules as exact
copies of the old.

Now we all know what DNA is. Russell
Baker, in his last list of New Year's resolutions,
has as number sever: “Find out what the DNA
molecule is.” Of course. this came between

number six: “Learn to speak Italian,” and
number eight: “Get an introduction to Sophia

Loren.” So there is some uncertainty as to what

29
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and I promise I weon't ask you again

Drawing by Alan Dunn; @ 1968 The New Yorker Magazine, Inc.

use he planned to make of this knowledge.

DNA is most often found as the now famous
double helix. Each strand of the two-ply helix
is composed of linked subunits, of which there
are principally four kinds. And the two strands
bear a defined relationship such that, if the se-
quence of units in one strand is specified, the
sequence in the other is determined. The
hereditary information is conveyed in a special
code in the ordered sequence of subunits,
which the cell, in effect, is able to read. Each
gene, each unit of heredity, comprises a tract
along this chain—a tract which may be several
hundreds of subunits in length. Each cell must
also, of course, be able to replicate these mol-
ecules to make an exact copy of each, so as to
pass on the inherited information to each
daughter cell

And thus it has been, with gradual modifica-
tions, since the very beginning of life. For the
code and the translation is the same in all life
on earth.

In the diny world betweern the living and the
non-living lurk the viruses. For these, too, the
genetic substance is nucleic acid, sometimes in
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DNA is most often found as a double helix—each
strand being composed of linked subunits of prin-
cipally four kinds. Hereditary information is conveved
in a special code in the ordered sequence of subunits.

curious and unusual forms. The simplest vi-
ruses consist of nothing more than nucleic acid
and a protective coat. Upon invasion of the
cell the coat is shed, and the viral nucleic
acid—this foreign picce of genetic material—is
seen as the true infective agent. It is possible
under special laboratory conditions to dispense
entirely with the coat and to accomplish pene-
tration of the cell and infection with the free,
viral, nucleic acid molecules alone.

The recent test-tube synthesis of DNA is an
illastration of the capability of modern bio-
chemistry to reproduce vital functions. The
actual steps are few and not complex. The
hackground knowledge behind these steps is
considerable. The work, which was a collabo-
rative enterprise between our Caltech labora-
tory and that of Arthar Kornberg at Stanford,
started with a viral nucleie acid, a DNAL

For the sake of simplicity, we started with a
simadl and nnusually simple type composed of

only one strand in the form of a ring. The
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actual DNA ring has some 5,000 subunits com-
prising about eight genes, and the circum-
ference of the ring is approximately two mi-
crons, a micron being ronghly one ten-thou-
sandth of an inch. To these DNA molecules
were added subunits—a small initiator mol-
ecule composed of a few appropriately linked
subunits and two highly purified normal cell-
ular components—two catalysts, enzymes nor-
mally concerned in the cell with the function
of DNA synthesis, named, respectively, poly-
merase and ligase. The subunits of the original
DNA and the free subunits always pair up in a
particular complementary way. That they pair
up in this way is determined intrinsically by
their atomic geometry—by their electronic and
molecular structures. The polymerase then
progressively links the subunits of the newly
forming chain as it grows around the old chain.
However, the polymerase is unable to close
such a chain; and thus the second catalyst, the
ligase, is necessary to perform the final step.
In this way we can make a new ring—the
same size as the original, but obviously not the
same. Instead, the one we have made is the
complement of the original ring. But now, in
the laboratory, these two rings can be sepa-
rated—the original from the complement. And

after we isolate the complementary ring, we
can start the process all over again using it as
the template. Clearly, then, in the second

An electron micrograph of the DNA of the virus
Phi X 174 that has now been synthetically produced

for the first time.
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roimd we will make its complement, which is
now an exact copy of the original. The process
is quite analogous to a negative and positive
in photography.

[t was just this synthetic copy of the original
DNA that was obtained, and when this copy
was tested, it was shown to be biologically
active; that is, it was fully infective. It gave
rise in the infected cell to normal progeny
virus particles. The copied DNA looked just
like the original. We had made, then, in a test-
tube, a DNA which could serve as the progen-
itor of an indefinitely long chain of progeny
virus from this day on throughont time.

The significance of this successtul experi-
ment is not simply that we have synthesized a
viral nucleic acid, or that, having done so, we
could now set out deliberately to introduce
specific changes into our copy and to observe
the subsequent effect on the nature of the vi-
rus—that is, to create modified forms at will.
The significance is that the infectivity of the
copy proves the acenracy of the whole process
and proves that this process is open-ended. In
principle it can be applied to any DNA, from
a virus or a bacteria, from an amoeba or a
mMouse or a man.

The complexity, of course, becomes pro-
aressively greater. Six hundred thousand dif-
ferent DNAs would be needed to match the
DNA content of man.

This is only a specific and a personal exam-
ple of the power of our growing understanding
of the world of life and of our growing com-
petence to direct its processes to our ends.
The living organisms of today have had the
benefit of two billion vears of selective mo-
lecular evolution. Soon we shall have that cum-
ulative ingenuity at our fingertips as well as in
our fingertips, and with it not only the power
to alter the natural world but also the power
to alter our very selves.

For we have learned not only to copy a vi-
rus, but we have learned to understand—at
least in bold outline—the functional machinery
of the living cell—the wnit of life.

In a manner similar to our comprehension
of nucleic acid replication, we now compre-
hend the principles of macromolecular archi-
tecture and the basie tacties of molecular rec-
ognition and of self-assembling svstems. We
imderstand the means of molecular informa-
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tion storage and expression, and the adroit use
of a common energy currency. We appreciate
the vital role of the processes of molecular re-
pair and the pervasive importance of the
phased, interacting cybernetic systems of mo-
lecular control that preserve balance and pro-
portion. All of these together form the material
hasis of life.

It is of the greatest significance that these
basic vital patterns of organization are essen-
tially similar in all forms of life—including
man. All of life on earth has evolved progres-
sively, though in gradually divergent ways,
from a common source. This kinship, this
continuum of life, was first demonstrated by
Darwin, largely with morphological evidence.
But today we can document evolution anew
on the most basic level—in the universality of
all hereditary codes and in the detailed struc-
ture of common proteins.

It is even possible to recognize in onr very
molecules the traces of our descent from in-
credibly ancient progenitors, to whom all su-
perficial resemblance was lost ages ago. It is
possible to trace through the tens and hun-
dreds of millions of years the progressive mo-
lecular changes that have permitted adapta-
tion to more varied circumstance and allowed
the evolution of life to a greater scope and
freedom.

In the molecules of hemoglobin—the essen-
tial oxygen-carryving protein in ony red blood
cells—there are two large subunits called alpha
and beta hemoglobin. The alpha subunit is a
folded Iinear chain composed of a sequence of
smaller subunits called amino acids. In nature
there are some 20 different kinds of amino
acids, and all proteins are composed of these
same 200 o any particular protein theve is a
particular selection of these amino acids ar-
ranged in a particular and specific linear order.

It is the number, frequency, and sequence
of its amino acids that determimes the prop-
erties of the protein, whether it is a hemo-
alobin or an insulin or a eytochrome or a poly-
mevase. In the amino acid sequence of the
alpha chain of normal human hemoglobin,
there ave some 141 amino acids beginning with
valine and ending with arginine. Each can be
specified by an abbreviation of its name. This
is known from modern biochemistry, We can
similarly analyze the amino acid sequence of
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The miysterious wrd unfamiliar terrain of the moon (left) and the interior of a simple cell (vight), unknown in de-
tail until recently, have now been mapped. Herein, perhaps, lie the keys to the mysteries of the universe and of life

the alpha chains of the hemoglobins of other
animals. When this is done for a related pri-
mate, such as the gorilla, one finds that the
sequence differs in only one amino acid from
that of the human hemoglobin. A glutamic
acid has been replaced by an aspartic acid in
one place. The rest are the same. If the amino
acid sequence of the alpha chain of hemo-
globin of a chimpanzee is analyzed, we find
that it is identical with that of

But not As we
go further back along the evolutionary course
and vx&mm(‘ the hemoglobin

the human,
all hemoglobins are simila

of species that
have been on divergent paths from man for a
onger time, we find increasing distinetions.
The evolutionary relationships between var-
ious animal species can, i fact, be firmlby

demonstrated in the molecular velationshi 1ps

of the alpha chains of their hemoglobins. The
more closely related the species, the more
stridar are %Ew hemoglobins: the more dis-
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tantly related, the more disparate are the
hemoglobins. In the alpha chain of the hemo-
globin of the horse, there are some 18 dit-
ferences from that of the human. Horse and
human have been on separate evolutionary
paths for quite a long time. Conversely, 123
amino acids that are common to the human
hemoglobin and the horse hemoglobin must
in all probability have been present in the
hemoglobin of their common ancestor at some
remote time. The alpha chain of the mouse
hemoglobin also has some 18 differences from
these are
not the same 18 as are found in the horse. In-

that of man. Interestingly, however,

deed it one compares the horse and the mouse
hemoglobins, there are 23 differences.
Hemoglobin only appeared w the course of
evolution with the rise of vertebrates. Can we
find traces of even older evolutionary ties? For
this we must turn to an even more vital and

found
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HUMAN

Gly -asp.val.glu lys.gly.lys . lys.ilu-phe.ilu.met. lys.cys.ser.
gin . cys - his . thr . val . glu-lys . gly . gly - lys . his . lys . thr . gly . pro .
asn - leu - his. gly . leu  phe . gly . arg. lys. thr . gly . gin . ala . pro . gly .
tyr - ser.tyr.thr.ala . ala. asn lys.asn.lys. gly . ilu . ilu.trp.gly.
glu - asp.thr.leu. met.glu.tyr leu. glu.asn.pro.lys.lys.tyr.ilu.
pro- gly - thr - lys . met . ilu. phe . val . gly - ifu. lys . lys.lys . glu . glu .

arg-ala.asp.leu.ilu-ala. tyr.leu.lys. lys.ala.thr.asn.gl

TUNA FISH

Gly - asp - val - ALA - Iys - gly - lys - lys - THR . phe - VAL - GLN - Iys - cys - ALA
gin «cys - hi
asn - feu . TRP . gly - feu - phe - gly - arg - lys - thr - gly - gln - ala - GLU - gly
tyr - ser - tyr - thr - ASP - ala - asn - 1ys - SER - lys - gly - ilu - VAL - trp - ASN
ASN - asp - thr - teu - met - glu - tyr - leu - glu - asn - pro - lys - Iys - tyr - il

pro - gly - thr - lys - met - ilu - phe - ALA . gly - ilu - lys - lys . lys - gly - glu -

arg - GLN - asp - leu - VAL - ala - tyr . leu - Iys . SER - ala . thr . SER

HORSE

Gly - asp - val - glu - Iys - gly - lys - lys - ilu - phe - VAL - GLN - Iys - cys - ALA
gin - cys - his - thr - val - glu - Iys - gly - gly - lys - his . lys - thr gly - pro

asn - leu - his - gly - leu - phe - gly - arg - lys - thr - gly - gin - ala . pro - gly -

PHE - THR - tyr - thr - ASP - ala - asn - lys - asn - lys - gly - ilu - THR - trp . LYS
glu - GLU - thr - Jeu - met - ilu - phe - ala - gly - ilu - lys - lys - lys . thr . glu

pro - gly - thr - lys - met - ilu . phe - ALA - gly - ifu - lys - lys - lys - THR - glu -
arg - GLU - asp - leu - ilu - ala - tyr - leu - lys - Iys - ala . thr - asn - glu -

s - thr-val .- glu - ASN - gly - gly - fys - his - lys - VAL . gly - pro .

Comparisons of the Amino Acid
Chains of Cytochrome C from
Various Species.

MOTH

Gly - val - pro - aia -
GLY - asn - ala. GLU - asn - GLY - LYS - LYS . LU - PHE - val . gin - arg - CYS - ala -
GLN - CYS - HIS - THR - VAL . GLU - ala - GLY - GLY - LYS - HiS - LYS - vai - GLY . PRO
ASN - LEU - HIS - GLY - phe - tyr - GLY - ARG - LYS - THR - GLY - GLN - ALA . PRO - GLY -
phe - SER - TYR - ser - asn - ALA - ASN - LYS - ala - LYS - GLY - ILU - thr . TRP . GLY .
asp - ASP - THR - LEU - phe - GLU - TYR - LEU - GLU - ASN . PRO - LYS - LYS - TYR - LU -
PRO - GLY - THR - LYS . MET - val - PHE - ala - GLY - Jeu - LYS - LYS - ala - asn . GLU
ARG - ALA - ASP - LEU - {LU - ALA - TYR - LEU - LYS - giu - ser - THR - lys -

YEAST

Thr - glu - phe - lys - ala -
GLY - ser - ala - lys - LYS - GLY - ala - thr - leu - PHE - lys - thr - arg - CYS - glu-
leu - CYS - HIS THR . VAL - GLU - LYS - GLY - GLY - pro - HIS - LYS . val - GLY - PRO -
ASN - LEU - HIS - GLY - ilu - PHE - GLY - ARG - his - ser - GLY - GLM . ALA - gin . GLY -
TYR - SER - TYR - THR - asp - ALA - ASK . ilu - lys - LYS . asn . val - jeu - TRP - asp -
GLU - asn - asn - met - ser - GLU - TYR - LEU - thr - ASH - PRO - LYS - LYS . TYR - fLU -
PRO - GLY - THR - LYS - MET - ala - PHE - gly . GLY - leu - LYS - LYS . glu - lys - asp -
ARG - asn - ASP - LEU . iLU - thr - TYR . LEU - LYS - LYS - ALA - cys - glu ...,

The evolutionary relationships between various species can be documented in the universality of the detailed
structure of their common proteins. When the chain of 104 amino acids making up the cvtochrome C of the

human is compared to that of the tuna fish, 19 differences are seen (indicated here in bold face). In the horse there
are 12 differences. When we compare similaritics of the amino acid chains, veast is found to have 64 in common
with the haman, and the moth has 77 in common with man.

in every cell, where it plays an essential role
in the metabolism of nutrients to provide en-
ergy. The evtochrome of the human is a chain
of 104 amino acids. That of the Rhesus mon-
key is identical with the human. The cyto-
chrome of the horse has 12 differences from
that of the human. Going farther back in time,
the tuna fish cevtochrome has 19 differences
from that of the human evtochrome and actu-
allv one less amino acid at the far end of the
chain.

But since eyvtochrome is common to all cells,
we can go farther back. If we examine the
cytochrome of a still more remote species—an
invertebrate, the moth—we find 26 differences
from that of the homan, In addition, four
amino acids have been added at the near end
and one deleted at the far end of the chain. But
i we emmphasize the similarities, we see how
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closely related the cvtochromes of the human
being and the moth are, even though the evo-
lutionary paths relating to these two species
must have diverged in a very remote time.
But we can go still farther back. I what far-
distant era did the lines that led to veast eells
and man diverge? In the evtochrome of veast
we find there are five more amino acids at the
near end of the chain and one removed at the
far end. OF the remaining amino acids, 64 are
identical to those in the human evtochrome, It
is most reasonable to suppose that these same
amino acids were present in the same position
in the evtochrome of that unremembered com-
mon ancestor. Thus we bear, in every cell, the
mndelible imprint of a long-vanished, mered-

When the historians of @ hopefully more
hamare future look back at this, the 20th cen-
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tury, one may wonder what they will consider
worthy of note. Our recurrent wars? Our ideo-
logical and racial fanaticism? Hardly likely!
More likely they will recall that this was the
century in which man first left earth or the
century in which man first kindled nuclear
fire. And they will surely recall that this was
the century in which man first understood his
inheritance and evolution, first saw clearly
how he came to be. For the first time in all
time, a living creature understood its origin.

No doubt I am biased, but of these I believe
the last will seem the most extraordinary. The
unimagined becomes reality. We are the heirs
of Tcarus; we have become the latter-day
Prometheus, But even in the ancient myths
men were men and the gods were gods, and
man could not rise above his nature to chart his
destiny. Now we can begin to confront that
chance and choice; soon we shall have the
power consciously to alter our inheritanee, our
very nature. Not even the Greeks had a word
for DNA.

But there is more to come. Whereas biology
had to await the matarity of physics and chem-
istry, so we now helieve that psvchology, the
science of the mind, has had to await the ma-
turity of biology. We now comprehend life as
a manifestation of inherent properties of or-
ganized matter, and we have a belief that we
will learn how to see mind as a further conse-
quence of the inherent properties of organized
matter—as a property of living cells highly
specialized and miricately organized.

If we consider the brain as the seat of the
mind, we now understand mueh of its basic
phvsies and chemistry. We know of what it is
macde. We know the basie structure and prop-
erties of its unit cells. We do not vet know
its superstructure. We do not vet know the
connections and Tunctional interactions, the
complex integrations and evbernetics. But we
do know increasingly well the substructure, its
properties and its potentials—and this is an es-
sential base and springboard for the Tuture.

In recent research 3t has become ncreas-
ingly clear from studies of vision and optical
illusions and the processing of visual informa-
tion in the brain, from the studies of eolor and

ot predictable color illusions, from studies of

maotivation, of imprinting and ethology that

print
very mach of our being is built into the brain

Moy 1968

from the beginning, in terms of preformed cir-
cuits and prescribed chemical transmitters and
receptors. It is clear that so much is genetic,
and thus it is reproducible; it can be studied
and analyzed just as we have learned to an-
alyze other genetic phenomena.

A short scientific film made in the laboratory
of James Olds at the University of Michigan
shows a rat learning his way abont in a maze—
a not entirely unfamiliar sitnation. At first he
is not very skilled; he makes all kinds of mis-
takes and doesn’t know where he is supposed
to go. He goes up blind alleys, but eventually
he gets to his goal. Then he wants to get back
to the other end, but he doesn’t know the wayv.
However, he does increasingly well. With ex-
perience and motivation to get to each goal,
he learns very quickly and remembers well.
What was the motivation of this rat? What was
his reward for which he performed so capably?
The reward was nothing more than a small
electric current sent into a microelectrode im-
planted into what is called a reward center in
his brain. When the rat pressed the lever at
cach end of the maze, he received a pulse of
current for three presses. After three presses,
he had to return to the other end for more. He
liked it; indeed, he liked it very much.

Such a current is one of the most powerful
rewards known, and by coupling a task to this
reward the rat is quickly motivated to learn
a wide variety of procedures. These centers
which bring about such strong positive rein-
forcing behavior are genetically built into the
rat’s brain in various well-defined regions.
Similar centers are known in monkeys. The
biochemical and physiological bases of the
action of these centers are not known at pres-
ent, nor has their psvchological significance to
the function of the animal as vet been defined.
But there is certainly a strong suggestion that
here is a direet chie to the origin of behavior.

[ do not wish to imply that human behavior
may be so simply engendered. But evolution
is most often conservative—an add-on process.
And as there are motivation centers i other
primates, it is not a far inference to suggest
that similar processes have some part to play
among the canses and courses of human ac-
tion. Other investigations are beginning to
probe into the wav in which the brain acts to
analvze visual and other sensory input data,
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or into the stages and events in the deposition
of memory traces. It becomes increasingly
clear that there are built-in, inherited path-
ways for these processes, immensely complex
but reproducible and subject to analysis.

In the past decade, man has learned how he
came to be. In the future he will seek to un-
derstand  understanding—to know how he
comes to know. I believe that here, not in
mescaline, lie the true doors to perception.
Here, not in ancient scrolls, lies the path to
the understanding of man. And here, not in
carnage and strife, lies the greater promise for
the future of man.

The great discoveries in geneties and the
great discoveries vet to come open a new di-
mension of human potential, a new route for
the improvement of man. There are surely the
gravest of risks ahead i our use of this po-
tential. The Cassandras of our time see this
very well, sometimes with gray or black hu-
mor, sometimes with lament for a simpler age,
sometimes in an essayist’s alarm. Archibald
MaclLeish has written, in an essay entitled
When We Are Gods:

There is in truth a terror in the world, and the

arts have heard it as they always do. [t is the

sommd of apprehension. We do not trust our
time because it is we who have made the
time—and we do not trust ourselves as gods.,

We know what we are.

In part, 1 disagree. There is no terror in the
known. The fear is that we do not know what
we are. We fear the unknown within, We are,
for better or worse, the one creature with rea-
son. It is the mark of man, and we are com-
mitted to its path—committed to the unending
use of reason to free us from the external tyr-
annies of nature and the internal constraints
of our inheritance. H there is a hidden, fatal
Haw, il behind reason there is the abyss, then
it is our destiny and we can do no better. But
it seems to me that all of knowledge speaks
otherwise,

“The proper study of mankind is man,” Pope
wrote, seeing with a clear vision. But he was
ahead of his time, for it is only now that the
analytic study of man can properly begin,
Some will be distressed by this view of wan,
and T would not presume that it is complete
or final. Tt is part of our Tolly when we claim
the one eternal truth of man. Nevertheless, |
believe that this truth is o valid one for our
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time. It is our answer to the ancient exhorta-
tion at the entrance to the temple at Delphi,
“Know thyself.”

I also conceive that some such orientation
of thought will he essential from this time on
as a frame of reference if we are to use in a
wise and wholesome, rational and constructive
manner the potential implicit in the great
discoveries of modern biology. We, mankind,
are to have the opportunity to design the fu-
ture of life, to apply intelligence to evolution.
What an astounding chance and infinite chal-
lenge.

On yet another plane it seems to me that one
underlying cause for the malaise of man for
many millennia has been his seeming divorce
from the rest of nature and the physical uni-
verse. Man has seemed a creature apart, a
lonely alien “placed on this isthmus of a mid-
dle state.”

This problem has been met in various ways
over the centuries by various conceptions and
theologies which have served to provide a
rationale for man on which to base his exis-
tence. And thus these have provided, over
moderate areas of the earth, that reasonably
common set of aims and goals that is neces-
sary for any coherent society.

But today, in an age of science molded im-
placably by the trinmphs of rational thought—
if not always rationally applied—the older
rationales come to seem unsuited, and to
many, unacceptable. Many need a newer char-
ter for man.

Perhiaps we can provide a new anchor for
man in a lucid understanding of our roots in
nature—in the clear demonstration that man in
his complex and often erratic behavior is, in
fact, the logical outcome of his evolutionary
origins: in the conception that we are in and of
nature, an extraordinary product of unfulfilled
and perhaps undreamed potential, But we are
not alien,

And, as “darkly wise and rodely great” we

climb, arduously, out of ignorance, out of the
shadowed depths, to look back from time to
time may help us to understand where we are.
And to see how fur we lave come can help
us to sense how very far we may vet advance.

[n the words written in an old chureh, "You
are o child of the universe, no less than the
trees and the stars, You have aright to be here”
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The Far Reach of Science—II11

[ife Without Father
—the Future of Genetic Control

by James Bonner

(.}:w of the great triumphs of biology in re-

cent vears has been finding out in molecular
detail how living things work. Here, briefly, is
the take-home lesson about how a cell operates
and what its strategy is—the strategy of life

A cell in a very real sense s the smallest
unit of living material, the smallest vnit of an
organism which can multiply itself and make
two new objects like itself,

We know that the reason the cell is alive
and can pass on its characteristics to its prog-
envy is that cach cell has in it a complete recipe
about how to make all of the things that it
takes to ;mt inside the cell. This recipe is the
genetic material, and it is written in the lan-
CLAge O % DINA.

Before the cell divides into two, the DNA
muust replicate itself to Torm two new identical
copies of the uwép(: 50 i?mi cach daughter cell
can gel a uma of the whole.
IXNA o rey
thie Mzmhmy

o for the
licate itself, it is necessary to have
hlocks For DNAomaking,

En the good old days—or mavbe I should say

I orde

thie bad old dz;};x »»»»» about 3.5 billion vears agso
thie first Tonely little DNA molecule
ity the aboriginal soup of tl

appeared
he ocean made by

random chemistry. That DNA molecule could
replicate itsell using the building blocks whicls
wrere also present in the aboriginal wmg), he-
cziuse in those L § davs there were no living
arganisms to cat up organic mw?@(*uh‘a

Today when a DNA molecule wants to rep
licate itself, it has to make the moncmeric
Building blocks for veplicating by itself. Thes
e world. An o
oanist has to make the matervial which it is

v
are not available in the oursid

Moy 1965

going to use to replicate its DNA. And ba-
sically, in all cells and organisms, all of the
machinery in the cell—except for the DNA
itself—is merely machinery for making the
building blocks so that the DNA can replicate
itsell.

This is the way the DNA goes about its task
of making the building blocks so it can repli-
cate: DNA is divided into message units { cach
message unit is a gene ) and each unit containg
information about how to make one particular
kind of enzyme molecule—one particular kind
of protein. The duty of those protein enzyme
molecules
thousands)

(in a typical cell, there are a few
is to transform the available kinds
of food molecules into the materials necessary
to make more enzyme molecules. And the ma-
chinery is there so that the duty of some kinds
of enzyme molecules is to tramsform the avail-
able food into building blocks for DNA rep-
lication

So it is as simple as that. The DNA makes
enzymes, and the enzymes take the food and
nake it into the building blocks so the DNA
can replicate so there can be more cells.

Now._ if we are a Simph‘ organism like some
miserable bacterinm in which all cells are
identical, that is all there is to it. The bacterium
has about 2500 genes for making 2,500 dif-
ferent kinds of enzymes, and the majority of
those genes are continnously and at all times
during the life of the cell making all the kinds
of enzvmes contained in that cell.

But let’s not look only at microorganisms.
Let's ook at impressive ereatires like ourselves

or pea plants. Pea plants are more impres-
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sive than we are because they have twice as
much DNA per cell as we do. The reason they
have all that genetic information is that they
have to know more organic chemistry, because
pea plants (and indeed all plants) have to be
able to synthesize all of the materials required
for making cells out of the simplest of ma-
terials—carbon dioxide, inorganic nitrogen, a
few inorganic minerals, and sunlight.

Even the cleverest physicist or chemist can-
not make all of the building blocks that he
requires. He has to eat plants in order to get
the amino acids which he needs for making
enzyme molecules.

In complicated creatures such as onrselves,
there are about a trillion cells living together
in harmony. These cells are of many different
kinds—epidermal cells, nerve cells, muscle
cells, and all the other kinds it takes to make
us work.

It is odd when vou think about it, because
each of us starts out from a single cell—a fer-
tilized egg which divides into two, then into
four, and then multiplies and multiplies. And
gradually, during the course of development,
the cells which were originally all alike start
to become different from one another and turn
into specialized cells,

This problem of how a complex adult crea-
ture arises by the multiplication of a single
cell is the problem of development and dif-
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“Maybe some day your
doctor will say, “Well 1
think your heart isn’t so
good now. We had
better start growing you
a new one, and n two
or three years it wall
be grown, and we can
plumb it .

—JAMES BONNER

ferentiation. Before we understood the nature
of cell operation, about all that could be done
was to observe that there is such a phenome-
non as development and differentiation. That
is the science of embryology. Today, however,
we can try to find out the molecular basis of
what it is that causes cells to become different
from one another during the course of de-
velopment.

When we look at the developmental process
i the light of our new knowledge of molecular
hiology, we find that in higher creatures (like
us) all the different kinds of specialized cells
have the same amount and kind of DNA. This
means each cell contains «all of the genetic
information about how to make the whole
creature. This isnt immediately obvious, so
let me tell you about a clever experiment that
shows dramatically how this is so. In this ex-
periment my former colleague John Gurdon,
now at Oxford University, uses Xenopus laevis,
the South African clawed toad. He takes the
cells of the lining of the intestine (specialized
cells that are never going to divide again but
are fust going to sit in there and make digestive
enzymes for the toad, ultimately die, and never
leave any progeny ) and scoops out the nucleus
that contains all of the genetic material. He
then takes that genetic material and puts it in-
to the cytoplasm of an ege of the toad. e has

previously scooped the nucleus out of this cog

S
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When this body-cell nucleus is put into the
environment of an egg, with all of the egg
coodies in it, it thinks that it must be an egg
nucleus, and so it starts to make more DNA
and to divide. And from Hn’s ege containing
the genetic s
1l tudp()i : ;md then the adult Xenopus lacvis.

So then, all of the genetic information about

naterial from a body cell develops

how to ¢o through the whole developmental
and reproductive ceyele of an adult animal
contained in the specialized body cell.
Since there are many different kinds of spe-
cialized cells in an adult organism, each con-
taining all of the genes for n
organism, it is apparent thai
of specialized cell most of the genes must be

wking the whole
i a given kind

turned of f—that is, not ouking their gene
prociet

For example we have the genes for making
the two hemoglobin proteins polymerase and
ligase. Those genes produce the hemoglobin
proteins only in a very
cell s—those that ¢
Those same gm;m; whu,“gz are present in each of

- restricted number of
ve rise to the red bBlood cells.

our body cells are tumed off &“\’(’i'}?\\’h(‘l'(‘ else.
How hicky! Othe
globin on the outside of our bodies.

I order to find out about how the develop-

rwise we would make hemo-

memntal process works, we see immediately
that we should focus our attention upon what
makes it possible for some genes in the cell to
be tumed off (repressed ), and in other cells
to be b Next we need
to Fearn how a gene that is turned ofl can get

EE‘H{"(E (928 ( &(‘5‘(‘})1’(’\?‘9(’(1

turnied on again. And finally, to study develop-

]

ment we ought to ind out something about

how  the p%w;'zimmmg’ of genetic activily
works. Clearly there must be, in the genetic
ma terial of the o gi s, some Further system

that provides that

vk the richt venes be tioned
y
H

off and on in the mgm place in an orderly
seqquential way, so that the right specialized
cells end up in the right

aduidt organism

pfzﬁﬁw; to make an

Obviously this programming of gene activ-
ities must reside in the
cavise our adult form is hereditary, and every-
thing hereditary is umiziim*(i in the DNA.

Eouring the fust few years, biology has made
a considerable amount of progress in under-
standing all three of these aspects of the de-
vebopmental process. This is,

venctic material, be-
1

it part, beesos
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the functions of the cell are divisible and sep-
arable from one another. We know how to
remove the genetic material from the cell and
put it into a test tube—out in public where
vou can see what it does and where you can
diddle with it and find out about the chemistry
and physics of this material.

We have found that in any given kind of
specialized cell of a higher organism 90 per-
cent or more of the DNA is turned off and un-
available for expressing itself by making its
protein products. It is turned off by one kind
of enzyme—one of many thousands of kinds of
enzyvmes in a cell—whose duty it is to sit on
the DNA and make that DNA be turned off.
These repressive proteins are very similar in
all organisms, from humans to the lower or-
TATISMS.

In addition, we have found out something
about how the switching of gene activity is
controlled. We know that there are small mol-
cenles which can enter a cell and cause genes
which were previously turned off to he turned
on again. One example of such molecules are
the hormones. The hormones are simple chem-
ical substances which have only a few dozen
atoms in them, so they are snn])h* enough to be
studied by chemists.

Hormones are made in a particular spot in
the body, and t f}( n they go to other spots called
“target organs” where they evoke certain ef-
feets, For example, the adrenal cortical glands
make the hormone cortisone. The cortisone
enters the bloodstream, goes to the liver, and
says, Liver, make me some of each of the fol-
lowing 12 enzymes.” There are 12 genes in the
nuclens of *;w}‘ cell in the liver which have
been repressed and which are then dere-
pressed by the arrival of the cortisone. So the
cortisone does its work by entering the cell
and, alter a series of intermediate steps, com-
plexing with the genetic material and remov-
ing the repressors of the genes which are to
be derepressed.

We know that many different classes of

¥ M

srnall n)Eéum\s hesides hormones have the

same effect, They can enter the cell and trans-
émm the genes from the turned-off to the
turmed-on state and vice versa.

There is one other important concept in the
progranmming of gene activity that contains

two basie principles. The first is that in some



instances, when a particular gene is turned
on, the product of that gene can then go and
turn on a second gene. So there are chains of
a successive turning-on of one gene, resulting
in the turning-on of a sequence of genes.

The second principle is illustrated by the
following: Suppose we want to study about
how the orderly development of an organism
occurs, I have found that a good way is just
to imagine that you are a cell and think about
what kind of instructions would enable you to
divide and divide and turn into something
sensible.

We know that cells in the developing or-
ganism are continuously monitoring their en-
vironment and seeing what kinds of things are
out there, and as a result they are turning on
the right genes to develop into the kind of cell
appropriate to that environment.

Let me just give you a very simple example
of how this developmental test works in a par-
ticular organism. A potato tuber is made of
cells just lying doggo waiting for somebody
to come along and eat them. Essentially they
have all their genes turned off. But if you cut
a thin slice out of a potato tuber, the cells at
the edge of the slice all get busy and start di-
viding trying to make a new skin.

We can imagine the cells in the potato tu-
ber each day monitoring the ontside and say-
ing, “Aha, there are potato cells everywhere,
and it says here I'm not supposed to do any-

It does no vood to preserve
the other parts of the body intact

if the head goes to wrack and ruin.

thing.” But one day they look out and the cells
at the edge say, “"Ahal T have potato cells on
one side and nothing on the other side. And
in that case, it savs here, ‘Go to page 47—or to
gene 47, There are the instructions on how to
turn on the right genes for becoming new
epidermal cells” ™

The way potato cells tell whether they are
on the inside or the outside is that they are
continuously producing a diffusible substance;
as fong as the potato is whole, that substance
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diffuses very slowly. Its high concentration
is what turns off the genes of the tuber cells.
But as soon as it is cut, the substance diffuses
away from the cells on the edge. That results
in the turning-on of the correct genes for the
epidermis.

Even more dramatically, if a single potato
cellis put all by itself in a nutrient solution that
contains the embryonic growth goodies that
plant embryos grow up in, that single cell will
turn into an embryo, develop into a seedling,
and go through the whole life cycle of grow-
ing into a higher plant,

We know enough about the developmental
process to realize that it will one day be pos-
sible to know so much about it that what is
left to find out won't be interesting. We will
know enough about the developmental pro-
cess to be able to use this information in very
specific and useful ways.

Let me cite some examples: We know that
many lower organisms have embryvonic cells
left at the base of the limbs which, if the limb
is lopped off, can then regenerate a whole new
limb or a whole new organ. And we know now
how to take a cell—as in the case of the toad
or the potato—and change its stance of gene
activity to make it think it is a fertilized egg.
So in the future we should be able to reset
the genetic program of a cell to any desired
point to make that cell or group of cells turn
into a new organ. Maybe someday your doc-
tor will say, “Well, T think your heart isn’t so
good now. We had better start growing you
anew one, and in two or three yvears it will be
grown and we can plumb it in.”

In a very real sense the regeneration of or-
gans with the same genetic constitution as that
of the potential recipient would, of course,
have all sorts of advantages. We'd get around
the whole host-rejection phenomenon.

One of the most troublesomie problems in
the longevity of human beings is concerned
with the nerve cells which make up ouwr brain.
Fach of us is endowed with ten billion nerve
cells i our brain, They are given to us in em-
brvonic life. In later life we never make any
new ones. After the age of 35 or so they start
o die off at the rate of about 100,000 a dav.
You don’t notice it for a few davs, but ulti-
mately you do. Loss of memory and the senil-
ity of old age are due to this continuous dving-

Fnuineering and Science



off of the nerve cells of the brain. They die
because of little accidents in the circulation
that deprive them of oxvgenation. Mayhe
some of them get fallen on by falloat and all
sorts of accidents like that. And it does no good
for our National Institutes of Health to pre-
serve the other parts of the body intact if the
head goes to wrack and ruin,

We might try to fight this process. There are
other cells in the cortex of the brain that are
not nerve cells. So with our new knowledge of
how to control the developmental process, we
might hope to be able to judiciously turn the

The normal expectaiion would be
that some betier kind of creature will

corne along and make us extinet.

reqquired number of both cells into the path-
wav that causes them to develop into new
nevirons and to replace the 100,000 that die
eacch day by a new 100,000 neurons. Of course
these new neurons would not contain any in-
formation—they would just be new empty
nevirons. But we are told today th(tt we should
spend one-third of our total time in continu-
g adult z*(%? cation or we will become obso-
lete. So maybe to have 100,000 nerve cells dy-
ing each (M’m removing obsolete information,
would actually be a good thing. We could use
the: new nerve cells to help us learn all of ]

nesw i;‘aim‘n t

e
wtion we have to keep constantly
accyuiring in order to avoid obsolescence.

T Ek( n, most importantly, Twould expect that
ouy information about the developmental pro-
cess, and indeed our whole new knowledge of
the: molecular basis of hervedity, conld be used
to control man's evolution.
ot lite
have heen more than 100 mithon
species of plants and anh
hution. And 98 p{‘-wm;%
tivsct. The
such as our own is that we will ultimately be-

on carth, there
different

nads jpvented by evo-
! P

Sinee the beginning

of them are now ex-
mal expectation for a species
cowne extinet too, That is the statistical likeli-
hood, and it is not a very tasty prospect. We
know from the works of anthropologists that

there have been other species which have
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preceded us—like Neanderthal man—and he
is extinet. He lived contemporancously with
Homo sapiens on carth, and we probably ex-
tincted him.

So the normal expectation would be that
some better kind of creature will come along
and make us extinet, were it not for the fact
that we are the first species of organism to
understand and, hopetully, to be able to con-
trol and direct our evolutionary processes.

Among the steps which our human species
might take to improve its genetic endowment
and its chances for survival are these: One is
the controlled breeding of human heings in
the best
genes. f\n()th(“ is to undertake vegetative re-
1
¢

order to disseminate more widely
sroduction of those individuals who possess
lesired characteristics. There is nothing to
prevent us from taking two body cells from
that same donor and growing two identical
twins having the genetic constitution of the
donor of the body cell. In fact, there is nothing
to prevent us from taking a thousand.

Also in principle there is nothing to prevent
us from growing any desired nomber of
genetically identical people from individuals
who have what we asses as highly desirable
genetic characteristics. They won't, of course,
have the learning and the wisdom of the donor.
Learning and wisdom have to be acquired.
Our genes give us the structure of our brain,
not its thought content.

Those wre some ways in which our knowl-
edge of developmental and molecular biology
could be used to improve our human race by
improving its quality of genes. By the same
token, as we acquire more information about
the operation of the brain and about the op-
timum methods of teaching and training and
educating and optimum modes of personality
formation, we will, of course, extend these
kinds of control of the envivonment over our
to the optimum influ-
intelligent,
highly educated, highly motivated individ-

voung to expose them
ence for development of stable
sals. And when the time comes when we pur-
ne these ;w)h( ies, we will have, indeed. a new
and super species of human being,

I any case, it really appears to be within
our power—if not today, then in the very near
future—to cause our species to develop along
any lines which we deem desirable



Wo are learning a great deal today about
the way information is carried by living organ-
isms. And the temptation becomes very strong
to apply that information. Indeed, throughout
the whole course of the history of technology,
there has been a lot of application without
much thought of long-term consequences.
We might better understand the application
of this information in the perspective of the
long and varied history of our own planet. We
now know that about 4,560 million years ago—

give or take a few million years—a series of

chemical and physical processes took place
which led to the formation of our planetary
system, and we know that planets of various
types were formed. We think we understand
what those types are in relation to the me-
dium from which they were formed and in
relation to the composition of stars generally.

But perhaps the most important thing we
have leared is that this process almost cer-
tainly has not been unique. We have had sys-
tems of bodies being formed for many billions
of years. If these bodies happen to be large
enough, they ignite and we have stars; and it
they are not large enough to ignite, we have
cold bodies; and if those bodies happen to be in
the vicinity of a star, there will be planets.

We know that there are three types of such
planets: planets which are small, very dense,
and composed primarily of rocklike substances
and  metals—planets like Mercury, Venus,
Farth, and Mars. Add to that a lot of ice and
methane and ammonia, and vou will have
planets like Uranus and Neptune; and add to
that alot of hydrogen and helium, and vou will
have planets like Jupiter and Saturn, which
can be looked upon as sort of embryo stars. 1f
thev had become larger, they would have ig-
nited, and we would be living in a planetary
system with two or three suns. Or perhaps
more preciselv, we wouldn’t be living.

The more we look into the early geochemical
history of the earth, the more it becomes ap-
parent that life is not a miracle, but that life
arose as a natural end-product of a sequence of
chemical events. Life arose on a planet which
had certain characteristics conducive to this
origin—first. a medivm in which complex
chemical reactions could take place and
second. a temperature which was neither too
hot nor too cold. T it is too hot, the complex
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by Harrison Brown

compounds simply are not stable. If it is too
cold, chemical reaction rates are so slow that
reactions don’t take place.

Now we can ask the question: Given a
planet that is not too large (like Jupiter which
is really an embryo star); that is not too small
(like Mercury or the Moon which cannot hold
onto a liquid or a gaseous medium on which
chemical reactions can take place ); that is not
too hot (like Mercury where complex com-
pounds won’t be stable); that is not too cold
(like Uranus or Neptune) so that reaction
rates won't be too slow: What is the probabil-
ity that life will arise? The evidence indicates
that the probability is very high.

On earth there has been a beautiful se-
quence of developments starting with very
primitive organisms, or with the first replicat-
ing molecule. Because all of them were ex-
posed to ruthless selection effects and to dra-
matically changing environments throughout
earth’s history, certain developments took
place. Perhaps one of the most important
of the fairly recent ones was the oriented,
controlled deposition of calcium, which en-
abled the existing organisms then to develop
supporting and protective structures. This, in
turn, combined with the emergence of the
lung, enabled creatures to move onto the
land. In sequence there appeared first am-
phibians, then reptiles, and then mammals.
And finally, in a period which corresponds to
but an instant of time, something brand new
emerged which changed the entire course
of evolutionary history. This was the emer-
gence of what Julian Huxley called the power
of conceptual thought—the ability to conceive
of things, to solve problems, and to communi-
cate with one’s offspring in such a way that the
whole process of learning becomes a cumula-
tive process from one generation to the next.
This power enabled man to invent weapons for
hunting and fishing and tools for gathering
food. Then it enabled him to invent perhaps
the most important single cultural invention
of man’s long history—agriculture.

With this development, man quickly be-
came the dominant animal on earth. It made
it possible for a small percentage of the pop-
ulation to engage in occupations other than
that of just gathering or growing food. It made
it possible for the great ancient civilizations to
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emerge. This happened less than 10,000 years
ago.

With civilization’s development, increasing
levels of technological complexity evolved.
This technological complexity, however, level-
led off because it proceeded about as far as it
could go within the existing framework.

Then not very long ago—indeed less than
300 years ago—we entered the Industrial Rev-
olution, which has carried us since to an ex-
tremely high level of technological complex-
ity—at least in the part of the world in which
we live. And it raises a number of very im-
portant questions.

But when we look at the framework in
which we live in the world, when we look at
the problems that have been created as the
result of our technology and the haphazard
application of our discoveries, we can see very
real dangers ahead. For one thing, we have
seen a fantastic increase in our ability to de-
stroy—in our military capability. We have seen
weapons of fantastic power, thermonuclear
weapons, come into the hands of first one na-
tion, then two, three, four, and five. And there
is no reason for us to suspect that it will stop.

A WORLD OF CONTRASTS

We can couple that with the fact that we
are really living in an anarchical world in
which there is no real law and order. And be-
cause we are living in a world in which tech-
nology has been applied in a very haphazard
way, some people have become very rich, and
others remain very poor. In the countries
that have shared in the blessings of tech-
nology which produce an abundance of food
and things, we seem to have gotten ourselves
into what James Bonner refers to as a “positive
feedback cycle” in which richness begets
richness.

By contrast, those areas of the world—and
this includes most people—where starvation is
the rule rather than the exception, and where
deprivation and misery prevail, find them-
selves in a negative feedback cycle in which
poverty intensifies poverty. Indeed, the eco-
nomic positions of these two groups are di-
verging very rapidly.

This raises a very real question. Can a high-
energy civilization be stabilized? We don’t
know. It’s the first time it’s happened on earth.

36

It might well be that it can’t, but certainly we
shouldn’t stop trying. But it may well be that
it can. This in turn raises another rather in-
teresting question. If it is true that planets are
abundant and that life is abundant in our uni-
verse, might it not also be true that the power
of conceptual thought has arisen in many
places within our universe and that many other
high-energy civilizations may have arisen as
well?

UNINTENTIONAL COMMUNICATION

It is clear that we are in a position to send
out signals should we wish to. Indeed we are
doing that unintentionally already. Frank
Drake, the director of the Aerocibo Station
radio telescope in Puerto Rico, pointed out
some time ago that the world is reaching the
point where an external observer could detect
that something is going on here that could
not be explained on the basis of natural pro-
cesses. This is because of our large outpouring
of microwaves in the form of television pro-
grams and television microwave communica-
tions. Drake has suggested that we ought to
scan stars systematically and look for this same
kind of effect, although it is much easier and
much less expensive to just listen. Perhaps we
ought to just systematically listen. A positive
result could be the most exciting scientific
discovery of all of human existence.

These discussions aren’t entirely in the realm
of science fiction. Serious scientists are discus-
sing these things: If contact were made, what
one could learn and what the philosophical
impact of our realizing that man is not alone
would be. I think the implications are pro-
found.

When we look at the grandeur of our uni-
verse and the processes that have taken place,
the grandeur of life and the beauty of life pro-
cesses, and at the tiny speck of rock on which
we live, it makes the quibblings and the argu-
ments and the hatreds between individual
groups of human beings seem rather inconse-
quential. Indeed, I feel that we might well be
on the edge of a great tragedy. The tragedy
would not just be the disappearance of a spe-
cies. That would be tragic enough. The trag-
edy would be this: For the first time in the
history of life on earth a creature has emerged
which has the power to control his destiny and
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which, above all, has the power to wonder and
learn how the universe operates, and even to
ask the philosopher’s question, “Why?” And he
has developed tools which enable him to an-
swer these questions. Then the power for an-
swering them is taken away from him by some
kind of a major catastrophe of his own doing.
This, I think, would be the grand tragedy of
our earth and its entire evolution.

It is clear when we look at the power that
science and technology have given us and at
the problems which confront us, that from a
purely technological point of view those prob-
lems can be solved. For example, our existing
knowledge today makes starvation in the
world inexcusable. We know how to leaiin how
to grow much more food than we now know
how to grow. Deprivation in the world is in-
excusable, We have the technology to support
a considerably higher population of human
beings than now exists, at a level of abundance
where all persons could be free from starvation
and misery. But, although we know how to do
this from a technological point of view, we do
not yet know how to do it from a social or
a political point of view.

Long ago we recognized that when we
wanted to learn how to grow more food we
supported agricultural research. When we
wanted to learn how to make new weapons, we
supported military research and we learned
how to make new weapons. Somehow, in some
way, we learned that basic research is needed
as backup for research on these applied prob-
lems. Somehow a National Science Founda-
tion was established, and basic research has
been supported by individual government
agencies in addition.

SOCIAL SCIENCE RESEARCH

This has all been in the natural sciences.
When it comes to research on how individual
human beings act with each other, when it
comes to our learning how groups of individ-
uals interact with each other, when it comes
to the broad spectrum of social sciences, there’s
virtually no research! There is some, of course,
but it is supported at a tiny level compared
with the need and compared with the support
given other areas of research endeavor.

There are many reasons for this, I suppose.
Each one of us is our own psychologist and
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our own economist, and certainly we are all
our own political scientist. Yet it is a constant
source of wonder to me that there is no foun-
dation supported by our government for re-
search in the social sciences—that virtually
none of the government agencies has the
wherewithal, or none of them devotes what-
ever wherewithal it might have available to
research in these areas. And yet when we look
at the tremendous problems of population
growth in advanced societies, the problems of
urbanization, the problems of slums, of trans-
portation—just the problems of people getting
along with people—clearly the social com-
ponent is as great or greater than the purely
technological one.

The same thing is true when we look at the
basic problems of the social and economic de-
velopment in those vast areas of the world
which are now living at starvation levels—
where population is getting completely out of
hand, and which threaten at any time to ex-
plode in a sequence of explosions which I think
is going to pale Vietnam into insignificance.

IN SEARCH OF MEANING

I think all of the questions which have been
raised bring up another important point. What
really is the meaning and purpose of life? Is
it just to get enough to eat? Is it just to get
enough gadgets to put in our home? Is it just
to reproduce—mo matter how beautiful, intel-
ligent, and free of disease the human beings
might be who emerge from the factory Dr.
Bonner is proposing?

No! I think that if there is any meaning and
purpose to life it is learning what our universe
is all about and what man’s place in the uni-
verse is. All of these other things are really
problems which stand in the way of that and
are diversions from man’s long-term goals of
learning what we are, where we came from,
where we're heading, and perhaps even why.
I believe that the meaning and purpose of life
was well phrased in words of Shakespeare’s
Hamlet when he asked:

What is a man,
If his chief good and market of his time
Be but to sleep and feed? a beast, no more.
Sure, he that made us with such large discourse
Looking before and after, gave us not
That capability and god-like reason
To fust in us unused.
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I was one of Charles Lauritsen’s first grad-
uate students, and 1 speak for all of us for
whom he was the Professor. One of the most
precious relationships in the whole of scientific
life is that between the graduate student and
the professor who supervises his doctoral re-
search. Those of us who were Charles Laurit-
sen’s students had the opportunity to savor this
relationship to the fullest extent. With his stu-
dents Charlie was magnificent. He taught us
everything from how to run a lathe to how to
design and build electroscopes, ion sources,
cloud chainbers, magnetic spectrometers, elec-
trostatic analyzers, and high voltage accelera-
tors. But most of all he taught us how to do
experiments—in simple, direct, elegant ways.

It was always the case that Charlie saw
through to the heart of any problem. Whereas
most of us tend to overdesign apparatus and
to use redundant procedures in our experi-
ments, Charlie delighted in designing inexpen-
sive and simple devices which would make the
experiment and its theoretical interpretation
as straightforward as possible. He delighted
too in convincing us in his logical manner that
his suggestions were the right ones. When
agreement had been reached, he got perhaps
his greatest satisfaction in going to the lathe
and turning out the most difficult parts and
pieces himself. But withal he always taught us
why he did thus and so, and we learned, inso-
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Charles C. Lauritsen

A tribute by

William A. Fowler

far as we were able, something of his marvel-
ous insight into how to do physics, as he so
frequently expressed it.

Charlie was primarily an experimentalist,
but it was his close personal relationship with
theorists which broadened and deepened the
experiences of his students. This continued
throughout his lifetime, but it was especially
true before World War II when what we now
call classical nuclear physics was in its golden
age. It was truly golden for all of us in Kellogg,
because first of all there was Charlie Lauritsen,
one of the great men in the field along with
Rutherford and Cockcroft and Lawrence and
Tuve, but also there were his two friends
Richard Tolman and Robert Oppenheimer.

They were giants—all three in their different
ways—but all three were truly great men. It
was exciting and even awe-inspiring to listen
to their discussions about our experiments and
what the experimental results meant in terms
of the nuclear theory of that time. Tolman and
Oppenheimer were delighted with the dis-
coveries in nuclear physics which came out of
Charlie’s laboratory—the discovery of reso-
nance in proton-induced reactions; the first
production of high-energy gamma rays, neu-
trons, and radioactivity with accelerators; the
discovery of the “mirror” nuclei; and the proof
of the annihilation of positrons, among many
other firsts.
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What we did not know at the time was that
Oppenheimer was laying the foundations for
a good part of our present understanding of
the nucleus; what we did know was that he
and Tolman were keenly interested in our re-
sults and that Charlie was guiding our efforts
in a manner which was significant and impor-
tant to the theorists.

I have used the word “guiding” advisedly.
Charlie never gave any consideration to being
designated the director of the Kellogg Radia-
tion Laboratory. He did not direct, he guided.
This was very important to him, and it made
all the difference in the world to us in our
growth and development into independent
scientists. It is true that in those early days we
called Charlie the “boss,” but this was in the
same admiring yet somewhat irreverent spirit
that we called Robert A. Millikan the “chief.”

Charlie guided us as individual students
with keen insight into our capabilities and
potentialities, but in a much broader sense he
guided the entire effort of Kellogg into the
most active and promising branches of phys-
ics. He was never afraid of change. He started
with Millikan in the field of cold emission but
soon went independently into the develop-
ment of high voltage x-ray tubes for research
both in physics and medicine. He became a
Fellow of the American College of Radiology,
one of the first of his many honors. It was quite
natural that he was able to adapt his high volt-
age tubes to positive ion acceleration when
nuclear physics, as we know it now, broke on
the scene in 1932. Charlie pioneered in the
elucidation of the excited states of the light
nuclei and of the interaction of protons, deu-
terons, and alpha particles with these nuclei.
In 1939 Hans Bethe pointed out that the car-
bon and nitrogen reactions which we were
studying in the laboratory were of crucial im-
portance in the generation of energy in stars.
There was nothing he could do about it at
the time, for World War II soon involved him
and all of us in defense work on proximity

fuses, rockets, and atomic ordnance. But with
the end of the war Charlie made a most diffi-
cult decision regarding the future direction of
research in Kellogg. Rather than guiding us
into high-energy nuclear physics he encour-
aged us to continue our prewar efforts in low-
energy nuclear physics and to emphasize the
applications in astronomy and astrophysics. To
accomplish this he arranged a series of meet-
ings between astronomers and nuclear phys-
icists with Tke Bowen who had just then be-
come the new director of the Mt. Wilson Ob-
servatory. Thus he started a unique program
in nuclear astrophysics which has been so re-
warding for all of us since that time,

With all of this, Charlie was more to us than
just our professor. He influenced our entire
lives. We were in many ways a high-spirited
crew with strong loyalties to and strong iden-
tification with Kellogg—Charlie’s laboratory.
We worked hard and we played hard. We were
proud of our capacities, intellectual and other-
wise. Very early Charlie started the Friday
evening seminars which still bear the indelible
mark of the Kellogg spirit. After the seminar
we always went to Charlie’s home for refresh-
ments and argumentative discussions of phys-
ics, medicine, and philosophy. Sigrid Lauritsen
was always there to make us feel at home. Fre-
quently her medical collaborators in radiology
joined us, and Stewart Harrison from the clin-
ical group then operating in Kellogg was often
there. Tommy Lauritsen played the piano, and
Charlie sometimes accompanied on the violin.
At other times Charlie sang and taught us the
wonderful songs of Carl Michael Bellman in
Danish.

And so our professor was more than just our
mentor in the laboratory; he was confessor and
confidant, and he introduced us to a rich world
outside of physics and science. I suppose the
simplest way to put it was that for many of us
he was a second father. We were his sons; and
as his sons we came to love and admire him
very much—for he was a very great man.

Charles C. Lauritsen, professor of physics, emeritus, died April 13 at the age of 76. A member of
the Caltech faculty for 43 years, Dr. Lauritsen was a pioneer in nuclear physics, rocket research, and
radiation therapy for the treatment of cancer. He directed research in Caltech’s Sloan and Kellogg
Laboratories for over 30 years. William A. Fowler delivered this tribute at a memorial service for

Dr. Lauritsen on the Caltech campus on April 29.
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THE MONTH
AT CALTECH

NATIONAL ACADEMY ELECTION

Two Caltech faculty members have been
elected to the National Academy of Sciences
in recognition of their outstanding achieve-
ments in scientific research. They are Edward
B. Lewis, who is Thomas Hunt Morgan Pro-
fessor of Biology, and Jerome Vinograd, pro-
fessor of chemistry and biology. Their election
brings to 32 the number of Caltech faculty
who are now members of the Academy. Cal-
tech has the highest percentage of Academy
members of any university faculty.

Dr. Lewis has made major contributions to

Jeromne Vinograd
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Edward B. Lewis

the field of genetics and has developed tech-
niques that are widely used in studying chro-
mosomes. He has also studied the relation be-
tween radiation dosage and the incidence of
cancers. Past president of the Genetics Society
of America, Dr. Lewis serves with the genetics
study section of the National Institutes of
Health and is a member of the Radiation Bio-
effects Advisory Committee of the U. S. Pub-
lic Health Service. He was graduated from the
University of Minnesota and received his PhD
from Caltech in 1942, joining the faculty in
1946.

Dr. Vinograd recently discovered a new
form of DNA shaped in a series of loops con-
nected in a chainlike manner. His discovery
was made possible by a centrifuging technique
developed by him and his colleagues. Dr.
Vinograd and his associates also found other
previously unknown forms of DNA, including
molecules that are tightly twisted rings. He
received his master’s degree from UCLA in
1937 and his PhD from Stanford University in
1940. He has been a member of the Caltech
faculty since 1951.

Engineering and Science



SCIENTIST OF THE YEAR

Robert L. Sinsheimer, chairman of the biol-
ogy division at Caltech, has been named Scien-
tist of the Year by the California Museum of
Science and Industry and the California Mu-
seum Foundation. Nominated for his synthe-
sis of biologically infective viral DNA, Dr.
Sinsheimer was chosen from among 100 lead-
ing scientists.

The award will be presented at a banquet
on June 5 by Luis W. Alvarez, professor of
physics at the University of California at
Berkeley and chairman of the selection com-
mittee of eight scientists.

Dr. Sinsheimer is the fifth Caltech faculty
member to receive the award, which has been
given to 13 individuals since it was first estab-
lished in 1957. Former winners are Jesse L.
Greenstein, professor of astrophysics and staff
member of the Mount Wilson and Palomar
Observatories; William A. Fowler, professor of
physics; and Frank Press, former director of
Caltech’s Seismological Laboratory who is now
head of the geology and geophysics depart-
ment at the Massachusetts Institute of Tech-
nology.

HONORS AND AWARDS

Don L. Anderson, associate professor of
geophysics and director of Caltech’s Seismo-
logical Laboratory, has been elected vice presi-

TIME TO GET ORGANIZED
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For the Caltech undergraduate June means finals—which means
May means cramming, with all its attendant perils.

dent of the American Geophysical Union’s
tectonophysics group, and James N. Brune,
associate professor of geophysics, has been
elected to represent the AGU’s southeast sec-
tion in the field of seismology. Their two-year
terms of office begin July 1.

Jesse Greenstein, chairman of Caltech’s de-
partment of astronomy and staff member of the
Mount Wilson and Palomar Observatories,
and Richard Feynman, Richard Chace Tolman
Professor of Theoretical Physics, have been
elected to membership in the American Phil-
osophical Society, the oldest honorary society
in the United States.

Caltech president Lee A. DuBridge has been
named chairman of the Greater Los Angeles
Urban Coalition of educational leaders and
top executives in business, finance, industry,
and labor whose purpose is to mobilize local
resources to help solve the city’s social and
physical problems. The local coalition is part
of the National Urban Coalition, formed in
August 1967 in Washington, D C., with John
Gardner, former secretary of the Department
of Health, Education and Welfare, as the chief
executive officer. Dr. DuBridge is also chair-
man of a new special advisory committee set
up by Los Angeles District Attorney Evell J.
Younger to study the possible legal implica-
tions of organ transplants.



“I was skeptical about IBM as a place for a me-
chanical engineer to work. E.E.’s, sure. But M.E.’s?”

(This is Dick Driscoll, B.S.M.E. '67, a Manufacturing
Engineer at IBM.)

“I was wrong. There are plenty of opportunities for
M.E.s in just about all areas, especially in development
and manufacturing.

“When I joined IBM, I chose manufacturing engineering.

In my case, this got me involved in producing core planes for
memory components. After the component has been designed, I
coordinate the tooling and all the other manufacturing processes.
I initiate basic ideas on the design of tooling and work closely with
the machine tool and die designers and builders, and with the install-
ers of the production machinery.

“It’s sort of like solving a very difficult three-dimensional jigsaw
puzzle. And it’s a ‘pure’ engineering job. The kind I was trained for.
Because, in the final analysis, product responsibility for manufacturing
the memory component rests with one person. Me.

Interdisciplinary environment. “You get exposed to a lot of dif-
ferent disciplines in manufacturing engineering. Electronic.
Metallurgical. Chemical. This kind of interfacing broad-

ens you as an engineer.

“It may sound square, but I think IBM is a great
place for an M.E. to work.”

If you'd like to know more about a career in me-
chanical engineering with IBM, visit your campus
placement office. Or send a brief outline of your
educational background to Bud Purtell, Jr., IBM
Corp., Dept. E, 3424 Wilshire Blvd., Los Angeles,
Calif. 90005. We'’re an equal opportunity employer.




@@Ec Progress is a'matter of

hy engineering students graduate to Lockh
degrees. But, that's only the beginning. At Lockheed Missiles and Space Company, we're working on wideworld ...
otherworld . ..upperworld...and subworld projects. [0 We're pretty high on space..
And, when it comes to ballistic missiles, Polaris and Poseidon show an arc of triumph. We think deeply, too...

e've got Agena to prove it.

consider our deep submergence vehicles, for example. And, just to show you our feet are solidly on the ground,
we're working on advanced land vehicles. Information? Business, government and industry get it out of our
systems. For more information write to: Mr. R. C. Birdsall, Professional Placement Manager, P.O. Box 504,
Sunnyvale, California 94088. Lockheed is an equal opportunity employer.

.

ASISSILES & SPACE COMMPANY

£ GROWS & o L AIRCRAFT 24

Twister
{Advanced land vehicles}

Deep Submergence
Rescue Vehicle

Polaris




Sealmaster Ball Bearing Units are quality built
to take high and normal operating tempera-
tures. They’re designed with outstanding engi-
neering features and manufactured from
vacuum degassed steel and other selected high
grade materials to stand punishment day after
day. Available in a complete line of pillow
blocks, flange, take-up, and cartridge units.

Spherco Bearings and Rod Ends are available
in a wide range of styles, sizes, and materials.
Built-in quality insures long bearing life.

GET INFORMATION

For information on the complete line of
Sealmaster and Spherco Bearings, write for
Catalog 164 on your letterhead.

SEALMASTER BEARING DIVISION

STEPHENS-ADAMSON MFG. CO.
P. 0. BOX 1588 + AURORA, ILLINOIS 60505



Letters . . . continued

I am willing to allow the author
his point of view as a writer insofar
as he can soundly document its va-
lidity, just as I will do the same for
Linus Pauling or even Robert Welch
on those few things of his which
can be so documented. But I insist
that all ideas, including my own if
I were to publish such a paper,
should be tested historically by
study of past civilizations and by
measure against the nature of man
psychologically and also as an ani-
mal. (The veneer of civilization
really isn’t very thick, you know).
If one’s ideas stand up as factual
against such a test, then it is worth
considering them for publication.

I hope you understand the intent
of these comments.

KEATS A. PULLEN, JR. 39

Santa Monica

EDITOR:

It makes me more than a little dis-
appointed to see the article by
Robert A. Rosenstone in the March
issue of Engineering and Science.
If it is satire, it has succeeded so
well that it gives me the impression
that it is sincere. If it is sincere, it
appears to me to be one polarized
opinion pointing an accusing finger
at another presumed polarized opin-
ion, damning a presumed technique
and using the technique at the same
time. It is not clear to me what
purpose there was in publishing the
article. :

A. C. REED '29

Engineering and Science is a mag-
azine about the California Institute
of Technology—about the people
who teach and study here, about
their research and their ideas. The
articles in the magazine are written
by Caltech faculty, research men,
students, and alumni—and by dis-
tinguished visitors to the campus.
They ave intended to give a sample
of some of the current life, work,
and thought at Caltech. On Feb-
ruary 21, 1968, Robert S. Rosen-
stone, assistant professor of history,
gave “The Radical Right Revisited:
Some Peispectives” before the
YMCA Luncheon Forum in the
Athenaeum. BE&S considered the talk
newsworthy and edited it for pub-
lication in March.

Battery operated, completely portable, RCA’s new WT-501A tests
transistors both in-circuit and out-of-circuit, tests both low- and
high-power transistors, and has both NPN and PNP sockets to aliow
convenient transistor matching for complementary symmetry
applications. The instrument tests out-of-circuit transistors for dc beta
from 1 to 1000, collector-to-base leakage as low as 2 microamperes, and
collector-to-emitter leakage from 20 microamperes to 1 ampere.

Collector current is adjustable from 20 microamperes o 1 ampere in
four ranges, permitting most transistors to be tested at rated current level.
A complete DC Forward Current Transfer Ratio Curve can be plotted.
Three color-coded test leads are provided for in-circuit testing, and for
out-of-circuit testing of those transistors that will not fit into

the panel socket.

See your Authorized RCA Test Equipment Distributor, or write
RCA Electronic Components, Commercial Engineering Department E-176W,
415 South Fifth Street, Harrison, New Jersey.

Extra features...RCA reliability...{for only $66.75*.

*Optional distributor resale price. Prices may be slightly higher in Alaska, Hawaii, and the West.




It could help us to keep moving ahead. We
discovered that during our pioneering years
in a dynamic, voung industry. It still applies
today. Imaginative, inquiring minds are pro-
viding the impetus for progress in our exciting
world of advanced VTOL aircraft systems.

Are you a factual innovator. ..impatient with
status quo? Does fast-paced engineering chal-
lenge turn you on—rather than pat solutions?
Then Sikorsky Aircraft can be your environ-
ment—in which to explore, expand and enrich
your capabilities. You'll enjoy the stimulus of
seeing your ideas become three-dimensional in
ultra-sophisticated airborne vehicles of
tomorrow.

Professional growth? Your demonstrated ability
will create all the opportunities you can
handle. And we think you'll appreciate our
“engineer’s atmosphere” that encourages an
active interchange of ideas with some of the
top men in your field.

If youre ready to take on responsible and
demanding assignments, you'll find them here
in: aerodynamics - human factors engineering
- automatic controls « structures engineering «
weight prediction : systems analysis < opera-

Lir
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tions research - reliability/maintainability
engineering . autonavigation systems - com-
puter technology « manufacturing engineering
» information science - marketing . .. and more.

And your career advancement can be materi-
ally assisted through our corporation-financed
Graduate Study Program—available at many
outstanding schools within our area.

Consult your College Placement Office for
campus interview dates—or—for further infor-
mation, write to Mr. Leo J. Shalvoy, Professional
and Technical Employment.




Textiles and beer are but two of the prod-
ucts Foxboro instruments help make better.
We could name lots of others — clothing,
paper, steel, chemicals — all fundamental to
high living standards.

Our people find the world of process con-
trol a rewarding place to live and work, a
place where individual talent and initiative
are recognized.

Professionals like you are finding just the
opportunities they've been looking for with

An Equal Opportunity Employer

OFFICES IN PRINCIPAL CITIES. PLANTS IN U.S.A. = CANADA * MEXICO

mentati

Foxboro — a fast growing company in a
a nondefense industry.

Talk to your Placement Officer. Look
through the Foxboro Capabilities Brochure
in his office . . . then let us tell our story
in person. Write:

Mr. W. W. BROWN

College Personnel Relations
The Foxboro Company
Foxboro, Massachusetts 62035

Specialists in Process and Energy Control

e ENGLAND = FRANCE = NETHERLANDS » JAPAN » AUSTRALIA



The Asphalt Institute suggests
projects in five vital areas

Phenomenal advances in roadbuilding techniques dur-
ing the past decade have made it clear that continued
highway research is essential.

Here are five important areas of highway design and
construction that America’s roadbuilders need to know
more about:

1. Rational pavement thickness design and materials
evaluation. Research is needed in areas of Asphalt rhe-
ology, behavior mechanisms of individual and com-
bined layers of the pavement structure, stage construc-
tion and pavement strengthening by Asphalt overlays.

Traffic evaluation, essential for thickness design, re-
quires improved procedures for predicting future
amounts and loads.

Evaluation of climatic effects on the performance of
the pavement structure also is an important area for
research.

2. Materials specifications and construction quality-con-
trol. Needed are more scientific methods of writing spec-
ifications, particularly acceptance and rejection cri-
teria. Additionally, faster methods for quality-control
tests at construction sites are needed.

3. Drainage of pavement structures. More should be
known about the need for sub-surface drainage of As-
phalt pavement structures. Limited information indi-
cates that untreated granular bases often accumulate
moisture rather than facilitate drajnage. Also, indica-
tions are that Full-Depth Asphalt bases resting directly
on impermeable subgrades may not require sub-surface
drainage.

4. Compaction of pavements, conventional lifts and
thicker lifts. The recent use of much thicker lifts in
Asphalt pavement construction suggests the need for
new studies to develop and refine rapid techniques for
measuring compaction and layer thickness.

5. Conservation and beneficiation of aggregates. Viore
study is needed on beneficiation of lower-quality base-
course aggregates by mixing them with Asphalt.

For background information on Asphalt construc-
tion and technology, send in the coupon.

OFFER OPEN TO CIVIL ENGINEERING STUDENTS
AND PROFESSORS

THE ASPHALT INSTITUTE, College Park, Maryland 20740

Gentlemen: Please send me your free library
on Asphalt Construction and Technology.

Name Class or rank.
School

Address

City State Zip Code

SHEETS

MOLDED-LAMINATED

PROPERTIES

CHEMICAL RESISTANCE—
Synthane is immune to most oils and
solvents as well as resistant to vari-
ous acid concentrations and salts.
it often has longer life per dollar,
including replacement cost.

DIELECTRIC STRENGTH—

An excellent electric insulator with
low dissipation factor and low dielec-
tric constant, Synthane is easily
punched or machined into parts for
radio and electrical equipment.

RODS, TUBES

FABRICAfED PARTS

MOISTURE RESISTANCE—
Certain grades of Synthane are spe-
cifically designed to retain a high
percentage of their electrical and
mechanical properties under ex-
tremely humid conditions.

HIGH

STRENGTH-TO-WEIGHT RATIO—
Synthane weighs only half as much
as aluminum, yet is one of the plas-
tics highest in tensile, compressive,
flexural, and impact strengths.

GRADES

Kraft Paper Phenolic Grades
Alpha Paper Phenolic Grades
Rag Paper Phenolic Grades
Paper Base Plasticized

Resin Grades

Paper Base Phenolic Flame
Retardant Grades

Paper Base Epoxy Grades

Paper Base Epoxy Flame

etardant Grades

Coarse & Fine Weave Cotton
Fabric Phenolic Grades

Coarse & Fine Weave Cotton
Fabric Melamine Grades

Coarse & Fine Weave Cotton
Fabric Phenolic Graphitized
Grades

Coarse & Fine Weave Cotton
Fabric Phenolic
Molycote Grades

Fine Weave Fabric Carbon
Inclusion Phenolic Grades

Cotton Mat Phenolic
Resin Grades

Asbestos Paper Phenolic
Resin Grades

Asbestos Fabric Phenolic
Resin Grades
Asbestos Fabric Melamine
Resin Grades
Asbestos Fabric Phenolic (High
Temperature) Resin Grades
Asbestos Fabric Phenolic
Graphitized Grades
Asbestos Fabric Phenolic
. Molycote Grades
Asbestos Mat Phenolic Grades
Asbestos Mat Phenolic (High
Temperature) Resin Grades
Nylon Fabric Phenolic
Resin Grades
Glass Fabric Continuous
Filament Silicone Grade
Glass Fabric Continuous
Filament Phenolic
Resin Grades
Glass Fabric Continuous
Filament Melamine
Resin Grades
Glass Mat Melamine
Resin Grades
Glass Fabric Epoxy Resin Grades
Glass Fabric Phenolic (High
Temperature) Resin Grades

CORPORATION

OAKS, PA. 19456

666-5011 Area Code 215, TWX 510-660-4750, Telex 084-5268
SYNTHANE-PACIFIC—518 W. Garfield Ave,, Glendale, California 91204



Just ask a certain family in Marrakeck, Morocco.

A solar cooker he helped develop is now making life
a little easier for them—in an area where electricity is
practically unheard of.

The project was part of Dan’s work with VITA
(Volunteers for International Technical Assistance)
which he helped found.

Dan’s ideas have not always been so practical. Like
the candlepowered boat he built at age 10.

But when Dan graduated as an electrical engineer
from Cornell in 1955, it wasn’t the future of candle-
powered boats that brought him to General Electric.
it was the variety of opportunity. He saw opportunities
in more than 130 “small businesses” that make up Gen-
eral Electric. Together they make more than 200,000
different products.

At GE, Dan is working on the design for a remote
control system for gas turbine powerplants. Some day
it may enable his Moroccan friends to scrap their solar
cooker.

Like Dan Johnson, you'll find opportunities at Gen-
eral Electric in R&D, design, production and technical
marketing that match your qualifications and interests.
Talk to our man when he visits your campus. Or write
for career information to: General Electric Company,
Room 801Z, 570 Lexington Avenue, New York, N.'Y.
10022 599-23

AN EQUAL OPPORTUNITY EMPLOYER (M/F)



Now, that’s a pretty funny thing for a
civilian firm to say. A boss? Right out of
college? The first day?

Butthe Air Force can make such offers.

As an officer in the world’s largest
technological organization you're a
leader.Engineer.Scientist. Administrator.
Right where the Space Age break-
throughs are happening.

Or how about the executive respon-
sibility of a test pilot clocking 2,062 mph
in a YF-12A jet?

That could be you, too.

But you don’t have to be a pilot in the
Air Force to move fast. With your college
degree you zip into Officer Training
School, spin out an officer, speed on
your way as an executive, in the fore-
front of modern science and technology.
Right on the ground.

The Air Force moves pretty fast.

Think it over. A man’s career can
sometimes move pretty slow.

United States Air Force

Box A, Dept. OEC-84
Randolph Air Force Base, Texas 73148

NAME AGE
PLEASE PRINT

COLLEGE GRADUATE DATE

MAJOR SUBJECT

CAREER INTERESTS

HOME ADDRESS

CITY STATE ZIP




