
The relevance of physics
Why not show how physics draws upon and adds to other
aspects of civilization, instead of teaching it as an isolated discipline
or as a glorious entertainment for mathematical wizards?

Gerald Holton
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What reasons are there for thinking
physics to be of basic importance?
What is the present relevance of
science? There are at least five parts to
a complete answer. I want to sketch
these here, in a frankly didactic manner,
in a way that might make sense to
an earnest, beginning student. (He will
also see some worrisome aspects of the
present state of science, but it is not my
purpose to rehearse those here.) That
questions about "relevance" have in the
last few years become almost cliches
does not change the need to be clear
about the subject; we shall attack it
head on.

Intellectual excitement
Even a student in a first physics

course can and must, at some points
during his study, feel the intellectual
excitement that accompanies the under-
standing of human achievements, the
kind of achievements that the history
of physics can proudly boast of. This
sort of excitement can come from the
explanation of planetary motion just as
it can come from the discovery of the
internal structure in King Lear. The
student may have felt it, keenly and sud-
denly, when a theory showed the con-
nection between apparently separate
parts of experience, when a laboratory
experiment succeeded after many tries,
when the computed planetary orbit
closed, or when a long derivation diat
seemed to ramble on and on came sud-
denly to an end, as does a Bach fugue.

One glimpses, at such a moment, that
the sort of knowledge physics leads to
does crystallize the confused world of
phenomena. Here is a way to see na-
ture's clarity; here is a way to find the
necessity that guides all things. Recall
how lyrical Johannes Kepler became in
the Harmonice Mundi when he found
that T2/Rs, the ratio of period squared
to major semiaxis cubed, is a constant
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for all planets. We must not dismiss
such a moment of high emotion; it
belongs in science and in the teaching
of science as well. It is a real and pro-
found experience, an intellectual excite-
ment that every scientist has when he
discovers something new or even when
he first reads of a beautiful piece of
work done by someone else. If we did
not treasure such experiences, life
would grow dull indeed. The joy of in-
tellectual engagement in the deepest
phenomena of the material world and
the joy of discovering therein the suc-
cess of one's own rational and intuitive
faculties are among the most relevant
and ennobling experiences one can
have.

Scientists have often praised the sim-
plicity of physics, in which only a few
really deep laws suffice to deal with the
myriad of apparently different observa-
tions. From the very beginning of a
physics course, when we quickly aban-
don the gyrations of a falling leaf as a
useful beginning for the study of mo-
tion, we learn to look for simple com-
monalities in all behavior. We have
been seeking principles that will unify
diverse cases, whether it be a falling
leaf in one's garden or the turning of an
unseen solar system at the edge of the
universe. Nothing is more astonishing
than that such a universal physics is
possible; it is exhilarating to find that
the most distant hydrogen atom is built
on exactly the same principle as is the
nearest one. All the laws of physics
that govern the structure of matter and
its behavior in space and time have that
universality.

Albert Einstein once expressed these
thoughts in a-memorable way. Physi-
cal theory, he said, has two ardent de-
sires: to gather up, as far as possible,
all pertinent phenomena and their con-
nections, and to help us

"not only '- '• know how nature is and
how her transactions are carried
through but also to reach as far as

possible the Utopian and seemingly
arrogant aim of knowing ivhy nature
is thus and not otherwise . . . Thereby
one experiences, so to speak, that
God Himself could not have arranged
those connections in any other way
than that which factually exists,
anymore than it would be in His
power to make the number 4 into
a prime number. This is the Pro-
methean element of the scientific ex-
perience . . . Here has always been
for me the particular magic of scien-
tific effort."1

Three and a half centuries earlier,
Kepler had used almost the same words.
In the preface of his first book, the
Mysterium Cosmographicum, he an-
nounced that he wanted to find out,
with respect to the number, positions
and motions of the planets, "why they
are as they are, and not otherwise." To
a friend he wrote about the same time
that, with regard to numbers and quan-
tity, "our knowledge is of the same kind
as God's at least in so far as we can un-
derstand something of it in this mortal
life."2

These were by no means sacrilegious
thoughts; Kepler was a pious man. As
he often stated-and many scientists
since then have agreed with him—the
world that God made stands before our
minds as a kind of puzzle for us to solve
so that we may prove we are worthy of
the mind given us for that purpose.

It would then be quite wrong to pre-
sent physics either as an isolated, blood-
less body of facts and theories with
mere vocational usefulness, or as a glo-
rious entertainment for an elite of math-
ematical wizards. (Some of the best
physicists have, as a matter of fact,
been themselves not particularly good
at mathematics.) Physics is the study
of what makes the whole world go, and
it is too beautiful to be kept secret from
any student, no matter what his career
plans may be. To live with more joy
and intelligence one must know the

world in which one lives, and this surely
includes the majestic yet simple order
physicists have found in our universe.
Without such a study, as Galileo said,
one may be lost in a labyrinth and not
even know it. To be ignorant of phys-
ics may leave one unprepared for living
in one's own time—as an intelligent
spectator no less than as an effective
wage earner, citizen or policy maker.

Benefits of "spin-off"

A very different way of seeing the
relevance of science is in terms of the
effect science sometimes has in helping
to prepare the base for technological
advance. We speak here not of the
long-range, slower effects but of the
quick "spin-off," the intentional use of
basic science "for the relief of man's
estate," in the phrase of the 17th-centu-
ry philosopher Francis Bacon.

Many students and critics of science
appear to have only this immediate as-
pect in mind when they use the word
"relevance." Useful though science
may be in this sense, it would be quite
wrong to settle merely for the assistance
physics can give, say, to the study of
such problems as building a dam or
overcoming pollution. We say this for
two reasons: First, there need be rela-
tively little connection between today's
basic physics research and current tech-
nological advances or requirements.
The gadgets and devices now being pro-
duced by industry, even if they are as
sophisticated as those used for space ex-
ploration, rely only little on new re-
search in basic physics or on the discov-
ery of new laws. They are mostly
based on applications of well known
laws and of techniques developed some
time ago. People who do basic physics
research, particularly in technologically
developed countries such as the US,
now often find themselves having to op-
pose new plans for large-scale techno-
logical "advance," whether it be a wide-
ly deployed antiballistic missile sys-
tem, excavation with nuclear devices, or
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a supersonic transport. These are
gadgets that, in the opinion of many
physicists, have more long-range dan-
gers than benefits.

The connection between basic re-
search in physics and technical advance
is, contrary to folklore, generally indi-
rect or roundabout. Only rarely is a
basic advance made consciously as a
prelude to a major technical improve-
ment. The physicist Hendrik 13. G.
Casimir illustrated this proposition with
examples of technological progress that
resulted from the work of scientists who
had no well defined practical aims:

"One might ask whether basic cir-
cuits in computers might have been
found by people who wanted to build
computers. As it happens, they were
discovered in the 1930's by physicists
dealing with the counting of nuclear
particles because they were inter-
ested in nuclear physics . . . "

"One might ask whether there would
be nuclear power because people
wanted new power sources, or
whether the urge to have new power
would have led to the discovery of
the nucleus. Only it didn't happen
that way, and there were the Curies
and Rutherford, and Fermi, and a
few others . . . "

"One might ask even whether induc-
tion coils in motorcars might have
been made by enterprises which
wanted to make motor transport, and
whether then they would have stum-
bled on the laws of induction. But
the laws of induction had been found
by Faraday many decades before
that . . . "

"Or whether, in an urge to provide
better communication, one might
have found electromagnetic waves.
They weren't found that way. They
were found by Hertz who empha-
sized the beauty of physics and who
based his work on the theoretical con-
siderations of Maxwell. I think there
is hardly any example of twentieth-

century innovation which is not in-
debted in this way to basic scientific
thought."3

All this history of indirection does not
mean that a developing nation should
not pursue applied research strongly,
nor that basic-research scientists should
not be associated with mission-oriented
laboratories. But one must not raise
too many false hopes. I believe that
the 19th-century faith that science will
show the way to the solution of all
problems and lead us soon to Utopia
was a tragically naive illusion; now that
it is clear that no amount of scientific
progress will quickly remove such dan-
gers as racism or nuclear blackmail, we
are reaping the results of a backlash.

There is a second reason it is wrong
to seek relevance for science only in
the immediate benefits to technology.
Not only have technological advances,
all too often, brought with them major
social problems as unforeseen byprod-
ucts, but also these problems can not be
cured or even properly understood
through existing scientific, technologi-
cal or political means alone. Such
cures, rather, depend to a large extent
on new, basic advances, not least on ad-
vances in science itself. At the heart of
social problems created by technologi-
cal advance is the absence of some spe-
cific basic scientific knowledge. This
realization gives a whole new mandate
to basic scientific research.

Examples come readily to mind. It
is quite customary, for instance, to say
that the population explosion is in part
caused by the advance of medical
science (better sanitation, innoculation,
antibiotics). But one can equally well
claim that the population explosion is
bound to overwhelm us precisely be-
cause we do not yet have at hand suf-
ficient knowledge in pure science.
That is to say, the complex problem of
overpopulation is due in a large degree
to our current (and long acknowl-
edged) ignorance of the basic process
of conception—its biophysics, biochem-
istry and physiology. No wonder that
attempts at controlling population are

so halting. What is astonishing, rather,
is that the first medical-school laborato-
ry in the US specifically designed to
study the whole range of scientific
problems in the process of reproduction
is only now being built.

Similarly, it is sometimes said that
progress in physics is "responsible" for
the threatening arms race. But it is
more accurate to say that nuclear arms-
control treaties are difficult to achieve
largely because insufficient knowledge
of geophysics makes inspection of sus-
pected, illegal weapons tests with seis-
mographs difficult. A better under-
standing of geophysics, it turns out,
will be needed before some nations will
consider it safe to enter arms-control
treaties that outlaw underground weap-
ons tests.

The problem of bringing food to hun-
gry people in arid lands near the sea, as
in Peru, India or the United Arab Re-
public, is to a large extent one of logis-
tics and management. But it is also a
problem of basic science: Before we
can design more economical desalina-
tion plants, we need a more fundamen-
tal understanding of liquid structure
(one of the old but much neglected
problems in physics and chemistry) and
of flow through membranes. Pollution
is, of course, a result of greed, stupidity,
apathy and lack of law enforcement.
But to clean smog-ridden areas more ef-
fectively will require greater basic
knowledge than we now have of meteo-
rology and of the physics and chemistry
of combustion. And, in the meantime,
to this day the most effective and insuf-
ficiently used device for getting rid of
pollution by solid particles is the elec-
trostatic precipitator, which essentially
works on scientific principles known
since 1600.

These observations serve to oppose
two widely current but erroneous no-
tions : First, that basic science is an un-
necessary luxury and should be sup-
ported only if it is directed to imme-
diate practical applicability (as the
quotation by Casimir above indicates,
things just don't happen that way), and
second, that one way of stopping the
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In a traditional course, we often teach physics as if it were
separate and independent, like a string of beads. Figure 1
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Newtonian dynamics is linked to past and present achievements,
not only in physics but in other fields as well. Figure 2

abuses that are byproducts of technical
innovation is to stop science (whereas
in fact curing existing abuses often de-
pends on scientific advances yet to be
made).

Long-range social benefits

Turning from the immediate to the
long-range effects of science that give it
relevance, we see ample evidence that
every person now alive, whether or not
he has studied science, is intellectually
a child of Copernicus and Galileo, Isaac
Newton and Faraday, Einstein and
Niels Bohr. Our imagination and intel-
lectual tools were indeed largely shaped
by the advances in the knowledge of
physics they and their contemporaries
made long ago. It is easy to show that,
when the Copemican and Newtonian
worldview triumphed in the West, the
recognition that a uniform law holds
sway over all matter everywhere helped
to overcome hierarchical thinking and
to prepare the mind for self-reliant de-
mocracy. We know also that in the
19th century the successes of statistics
and of the concepts of energy prepared
the ground for modernization of the
Newtonian worldview.

In addition to the kind of long-range
influence that Newton's work had on
the imagination of writers and philoso-
phers from the 18th century on, there
are also the more material long-range
effects associated with the advances
made by James Watt, Faraday and
Fermi. From an understanding of how
the steam engine works flowed a
century-long transformation of society
which is now studied as the "Industrial
Revolution." Fro Faraday's "toys"
came electric i ors and generators
and, in time, t e electric-powered ele-
vators trains and subways that facilitat-
ed the upward and sideways growth of
cities arly> t h e experiments of

Fermi's group on neutron-induced arti-
ficial radioactivity prepared for the
study of nuclear fission, and this in turn
led to the design of new energy sources
that may well be the chief means for
meeting our frantically growing energy
needs.

It is of course even more difficult to
foresee the long-range effects of science
upon social change than it is to see the
immediate practical influences. To
avoid possible negative effects and to
capitalize on positive ones, there is only
one policy available to us: the exertion
of uncompromising watchfulness as
both citizens and scientists. We must
call attention to existing abuses of scien-
tific knowledge or skills and keep up-to-
date on scientific advance so as to be
ready to keep science from being de-
tailed and abused in the future.

A study related to all others
The fourth meaning of "relevance"

refers to science not as merely a techni-
cal study but as a part of the general
humanistic development of mankind.
We agree fully with I. I. Rabi who
noted that

"Science should be taught, at what-
ever level, from the lowest to the
highest, in the humanistic way. By
which I mean it should be taught
with a certain historical under-
standing, with a social understanding
and a human understanding, in the
sense of the biography, the nature
of the people who made this con-
struction, the triumphs, the trials, the
tribulations."4

We can illustrate the need for this sense
of humanistic interconnectedness with
two simple diagrams. The physics
course, as traditionally given in many
classrooms is like a string of beads.

One subject follows another, from Gali-
leo's kinematics to the most recent ad-
vances in nuclear physics. This se-
quence is the usual one, which more or
less parallels the historical development
of the science, whether this parallel is
made explicit or not. But few if any
connections are shown with achieve-
ments of human beings who are not
physicists, with sciences other than
physics or with studies and activities
other than science. And all too often
the materials studied in the other cours-
es (for example in chemistry, in biolo-
gy, in literature) also hang like so many
separate strings of beads (see figure 1).

There are some advantages in such a
string-of-beads presentation. It is, for
example, convenient to teach. But ig-
noring connections that do exist among
all these fields does not do justice to the
actual state of affairs. A research proj-
ect in experimental physics, for exam-
ple, sooner or later draws on material
not only from almost every part of a
physics curriculum but also from math-
ematics, metallurgy, chemical thermo-
dynamics, electronic engineering, com-
puter technology and many other sci-
ences, as well as group psychology, ac-
counting and skill in writing about the
work. Moreover, nobody who has en-
gaged in actual scientific work can fail
to see the influence that scientific ad-
vances can have in terms of social and
practical consequences. "Pure" physics
is an invention that exists only in the
most old-fashioned classrooms. If you
pick up a real problem in physics (or
any other science), there extends from
it connections to a number of expected
and unexpected problems that at first
glance seem to "belong" to other profes-
sions.

I believe this is one argument in
favor of including occasionally in a
physics course topics not usually re-

PHYSICS TODAY / NOVEMBER 1970 43



WESTERN OPERATIONS

Gardner Cryogenics Corp.

6505 San Fernando Road

Glendale, Calif. 91201

Tel. (213) 246-7306

EUROPEAN OPERATIONS

Gardner Cryogenics Corp.

20 Chaussee d' Houtem

Yilvorde (Brussels) Belgium

Tel. (02) 51.41.19

EASTERN OPERATIONS

Gardner Cryogenics Corp.

140 Williams Street

Highstown, N.J. 08520

Tel. (606) 448-3373

TWX 606-448-1313

SUBSIDIARY OF

CARPENTER
TECHNOLOGY

you are USING LHe
by GARDNER

r.. WHY NOT
GARDNER CRYOGENICS • 2136 CITY LINE ROAD

BETHLEHEM, PA. 18017 • Tel. (215) 264-4523 TWX 510-651-5817

stud}' of

. Within P
Uttoacnh

J " 3 *

I i

GASEOUS HELIUM?
GARDNER CRYOGENICS CORP.

to aid his
ing thf

SUPERCOH MAGNETS?
GARDNER CRYOGENICS CORP.

RESEARCH OEWARS?
GARDNER CRYOGENICS CORP.

STORAEE DEWARS?
GARDNER CRYOGENICS CORP.

* p y
,TJ] use his lav

His effects
5 lick F), on
•i a chew1

liistic sensibi
• in which !

i ( M H ) i
-

h same kir
death of th(

s.- indicated i
fflCS Coui5(

: philosophy
in Oersted.

i v in elect

j
'i reaching

I along the (

I i e sideu

g ai

-I to the vai

LHe REFRIGERATORS?
GARDNER CRYOGENICS CORP.

TRANSFER LINES?
GARDNER CRYOGENICS CORP.

M links i
?l»ents in ]
¥ B and p
"seourse th
-' 'east hrme
;!*f)faffai
" t jiirses the

p
Wiy, a (.

[

7 of an a!
n| P

44 PHYSICS TODAY / NOVEMBER 1970

PROCESS EQUIP.?
GARDNER CRYOGENICS CORP.



ferred to. Think back, for example, to
the study of Newtonian mechanics as
applied to planetary motion, a subject
that is usually one of the "beads" on the
physics chain. Newton had studied
theology and philosophy, and those
ideas emerge in the Principia in his
sections about the nature of time and
space (see figure 2, link A to philoso-
phy). Within physics itself, Newton
brought to a culmination the work of
Kepler and Galileo (link B). Much of
the established mathematics in Newton's
work came from the Greeks (link C).
New mathematics, particularly the basic
ideas of calculus, were invented by
Newton to aid his own progress, there-
by advancing the progress of mathe-
matics (link D).

Within physics, all who follow New-
ton will use his laws and approach (link
E). His effects on the Deist theolo-
gians (link F), on John Dalton's atomic
models in chemistry (link G), and on
the artistic sensibilities of the 18th cen-
tury in which Newton swayed the
muses (link H) are quite easily docu-
mented.

The same kind of web extends
around each of the chief topics of phys-
ics (as indicated in sections of the Proj-
ect Physics Course). Think of the link
from philosophy to the work of Hans
Christian Oersted, Andre Ampere, and
Faraday in electricity (through their
interest in Naturphilosophie). Think of
the link reaching from nuclear physics
back along the chain to the classical
physics of three centuries earlier (as in
the determination of the neutron mass)
and of the sideways links to biology,
to engineering and indeed to politics,
owing to the various applications and
byproducts of nuclear reactors, for ex-
ample.

Such links exist between main
achievements in many fields. Some of
the topics and persons, discussed in a
physics course that perhaps only briefly
but at least honestly draws attention to
this state of affairs will also come up in
other courses the student will be taking.
If we drew all the links between fields
on the intellectual map, we would see
instead of separate strings of beads
a tapestry, a fabric of ideas. This
view of the relevance of science should
deeply penetrate a physics course that
intends to educate as well as to train.
Science is then seen to be in dynamic
interaction with the total intellectual
activity of an age. In a deep sense, sci-
ence is part of the study of history and
of philosophy, and it may underlie the
work of the artist, just as it penetrates
into the explanation a mother gives to
her child to help him understand the
way things n

If we therefore tried to think away
the achiev nents of physics, the course
of modern history would be almost in-
comprehensible. We could not under-

stand, and in fact would not have had,
much of the work of John Locke, Vol-
taire and Alexander Pope, men who,
among many others, were frankly in-
spired by the work of physicist contem-
poraries. Conversely philosophy, math-
ematics, and other fields would be far
emptier studies without their fulfillment
and extension through the work of
philosopher-scientists such as Ernst
Maeh, Einstein and Bohr. Eliminating
physics would, of course, also make
nonsense of the history of industrial de-
velopment following Watt's steam en-
gine, Alessandro Volta's electric battery
and Faraday's motors and generators.
A neighboring science such as chemis-
try could not have developed without
the models of gases and the theories of
atomic structure that were largely the
work of physicists. In short, if you pull
the thread marked "physics" from the
tapestry—as some antiscientific persons
wish to do—the whole fabric would un-
ravel as an old sweater does; the same
would be true if any of the other
threads were pulled. In this view,
therefore, the relevance of any field of
knowledge, including science, is that it
is an integral part of the total growth of
thought.

All too often students have to discov-
er the fabric of ideas for themselves.
For it is a bad (though well rewarded)
habit of some academics to teach their
own subject as if it had nothing to do
with others. It is precisely by seeing
the connections between fields, how-
ever, that one becomes educated. We
should make some of these links explicit
in our courses in the hope of providing
an educational experience that the stu-
dent should ideally find in his other
courses as well.

Science as a style of life

Modern science is not an elite enter-
prise for only a self-selected few there
are now millions of men and women en-
gaged in it. In the US alone there are
nearly 50 000 people who contribute to
physics, each in his own way. Some
prefer to follow their thoughts entirely
alone, some are surrounded by students
or collaborate with groups of col-
leagues. Some are in small university
laboratories, some in large industrial en-
terprises. Some accentuate the sober
rationality and objectivity that it is
possible to achieve in scientific work,
others pursue their work with a passion
and a daring that makes one dizzy.
Some are veritable saints, and others
are not; possession of knowledge does
not itself necessarily convey virtue.
Some have no academic degree at all,
others are laden with diplomas. What
they share is a style of life and a way of
looking at the world; this style gives
science additional relevance and has a
number of earmarks or componei
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MT
A really

NEW COUNTER
"J 709

COUNIEI

9
8
7
6.
5
4
3
2
1
0

9
8
7
6
5
4
3
2
1
O

9
8
7
6
5
4
3
2
1
0

9
8
7
6
5
4
3
2
1
0

9.
8
7
6
5
4
3
2
1
0

9
8
7
6
5
4
3
2
1
O

GATE TIWE MO E> £

"Maximized
Value Design "

. . . Model 709 measures and displays
counts-per-unit-time. Easy access front
panel controls provide gate time from
0.1 sec, to 1000 sec, variable display
time, and 300 MV to 10 volt threshold
adjustment. Has 6 decade display and
versatile gating capabilities. Features:
• Discriminator input
• 100 KHZ crystal clock
• 10 MHz counting rate
• Delivery from stock S700.00

For more information
WRITE OR CALL COLLECT
(312) 344-2212

N U C L E A R
1723 No. 25th Ave .^^ Melrose Park, III. 60160

Division of

INC

PHYSICS TODAY / NOVEMBER 1970 45



January
PHYSICS TODAY

FEATURES:

APS-AAPT Meeting Round-up

Description of 184 displays

Official Show Guide

CIRCULATION: 62,000

CLOSING DATE: November 25

Advertising Dept.

AMERICAN INSTITUTE OF PHYSICS
335 East 45th St., New York, N. Y. 10017 / (212) 685-1940

46 PHYSICS TODAY / NOVEMBER 1970



in the world of nature. It makes sense
to them, and they are comfortable with
it, although knowing full well that the
most surprising and important findings
are still in the future. To physicists the
world is not a succession of incoherent,
unique events. Even partial knowledge
about nature gives a person a sense of
the relations between phenomena—the
way in which the world hangs together
in a rational and ecological manner.
Such knowledge does not, however,
"explain away" the phenomena or dull
the excitement about them any more
than knowing the rules of football makes
you less involved in watching the game.
Of course nobody knows a fraction of
all there is to know even in a single
one of the sciences. But still, one can
feel quite at home in a city, even if
one has personally walked through only
a few percent of all its streets; if you
know the pattern in outline and the cru-
cial details of some regions within it,
you no longer feel a stranger. Perhaps
this explains the confidence and opti-
mism characteristic of many good scien-
tists.

We have stressed the intellectual in-
terest in science for society as a whole,
but there is also a personal aspect for
every scientist or student: Here is a
chance to devote one's professional life
to something one loves to do. Those
who select a science as a career, and
who are at all good at it, are on a road
through a changing landscape along
which each can select his own problems
to work on. Being a scientist can be a
way of spending one's professional life,
day by day, in what one likes to do and
is doing well. It is not like reading a
play or watching it, but like writing it
and acting in it. And much of the same
satisfaction goes to those who spend
most of their lives not as research scien-
tists but as teachers, in high school or
college, and who have found that their
chief satisfaction is helping young peo-
ple to realize what role science can play
in their lives.

Each profession has its own values,
and the values of day-by-day life in
science can and should be illustrated in
our courses. Values of this kind that
come to mind include free inquiry and
free publication, perseverance and ob-
jectivity, the satisfaction of honest intel-
lectual effort and optimism about Man's
ability to understand nature and put it
to good use. Nowhere more than in
science is intellectual merit and skill
honored. No matter who or what he is,
the scientist is taken seriously by his
peers for what he can do. Consequent-
ly, some minority groups have broken
through social obstacles more easily
after first receiving recognition for
their excellence in scientific work.
There is in science a great amount of
room at the top, as well as an atmo-
sphere of belonging to an effective, in-

ternational, cosmopolitan community.
One "minority" group that has been

of particular concern to scientists is that
made up of young people. A whole set
of social inventions and devices oper-
ates in the life of science to recognize
and reward talent as early as possible.
The young scientist is welcome and is
brought as quickly as possible to partic-
ipate at the growing edge of new
science. As a team member he may be
an expert in some subject, teaching
those who are his seniors. And unlike
the situation in many other disciplines,
it is widely recognized in science that a
person may make his most imaginative
contributions while still young.

To complete these comments about
science as a style of life, we note that
scientists have increasingly recognized
that discovery of new knowledge and
the teaching of established knowledge
are not their only responsibilities.
Rather, scientists are prominent among
those who take part in examining the
immediate social consequences of scien-
tific and technical advance. Their
knowledge of science adds to their ob-
ligations of citizenship. We see there-
fore that there can be a happy comple-
mentarity between taking part in de-
veloping the human values of society
and taking part in the growth of sci-
ence. Most also agree that science
and its technological offspring must
come under the control of an anthro-
pocentric ethic if man is to survive.
There need not be a polarization be-
tween science on the one hand and a
rational humanism on the other; on
the contrary, these two approaches to
the world sustain each other.

Perhaps more than many other pro-
fessionals, the humanistically aware and
responsive scientist should therefore be
counted on to do his share to aid man-
kind in its many current distresses. It
is up to us, as scientists, teachers or ad-
ministrators, to fashion courses in which
these points are made and in which the
growing young person, whether pro-
spective scientist or not, can experience
this relevance.
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This article is adapted from a talk given
by the author last June in Srinagar, India
at the US-India Conference on Physics
Education, sponsored jointly by the US
and Indian governments. The material is
based on the epilogue to the Project Physics
text. n
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