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PREFACE

Though this is by no means a unique observation with me, there are
in all fields of science and mathematics, basic theories about which the
experts disagree. In ﬁany situations, this disagreement is so pronounced
that it seems as though there is no absolute truth, at least the line
between truth and untruth is very wide and fuzzy. The greatest certainty
we have is that we will always have uncertainties which is in itself some-
what reassuring to a student of science., It is my plan to develop an
area of motivation that is very often forgotlten or abt least neglected.
This attempt shall be directed primarily at the superior student who at
times may feel that everybthing has already been discovered.

Indebtedness is acknowledged to Dr. James H. Zant, National Science
Foundation Institute Director, for his assistance in this report; and to
the staff in the library where many of the ideas in this paper were se-

cured and developed.
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CHAPTER I
INTRODUCTION

Though the problem today is not as great as it was a few years ago,
there is a tendency on the part of many scilence and mathematics teachers
to give their students the impression that they are living in a world of
well estéblished facts, the truth of which need never be questioned.

These teachers, like our juvenile delinguents, can not be burdened with
all the blame. Perhaps it is because of our American way of life, but
very often anything in print is considered to be the truth. We are
greatly indebted to our country and its forefathers, for the respect we
can have for printed material, but in science where so much emphasis is
placed on facts, the truth should not be considered lightly, expecially
when truth itself is so abstract.

Ab any rate, the teacher may be the victim of Uprintitis" and leave
the students with exactly the same impression as that created by the
textbook. To some, this textbook impression is to be desired, and to those
this problem is nobt real., However, it is to this same group that this
discussion will be most applicable, and is therefore most directed.

This country has long been known for its mass production and its
ability to apply almost any theory, but it has never been exceptionally
lmown for its creativity. We are a country of Edisons, and can take
an idea and make il practical. This aptitude for development is exceed-

ingly commendable, and has made our nation the greatest the world has



ever known, but just now the eyes of this world are looking to this coun-
try to "pull something out of the halt" so to speak. They have long ago
been impressed with the number of our automobiles, televisior: sets and
automatic washers, but now they want a new theory of matter for example.

To promote this theory development, many of our large industries
get their top scientists together for "pipe dream" sessions. 1In these
meetings, the research men will listen to anything that anyone is capable
of concelving, rrom the educated calculatiocns of their top engineers
to the lay observations of the janitor, and fantastic schemes found in
the suggestion box. They have little doubt as to their ability to build
the project, if they can just get the idea.

So how do we produce creative sclentists? This is our goal, our
primary objective, Certainly a way not to produce them is ‘o permit
complacency and mass satisfaction to rule our classrooms. If our students
constantly leave the classrooms with the feeling that documentary material
is sufiicient, if they are constantly reminded of what scientists do know
with never an occasional hint at what they don't know, if textbook impres-
sions are the only motivating device, the few creative scientists produced

o

by this system will be produced in spite of the formal educational ex-
perience, and not because of ib.

Much has been written condeming scientists for their own self-right-
ousness and concelt, and much has also been said about their humility.
Many philosophers think thalt scientists must define the terms with which
they work before they can proceed and stilil others defend the neglect of
this practice as perfectliy reasonable. Science beachers at all educational

levels are becoming more and more aware of our increasing uncertainties

but to this writer's knowledge, very 1little has been done with these



uncerbainties as a means of mobtivating a class or in particular the super-
ior individual.

The purpose of this paper is to investigate several of these basic
uncertainties as a means of motivation, thereby showing students that
science is not a matter of cold hard facts, thalt have been previously
digested. The method will be to separabe science into several of its
fields in which several uncertainties will be discussed in each section,

and one section will contain considerable discussion on scientific phil-

osophy in general.



CHAPTER IT
SCIENTIFIC PHILOSOPHY

In the days of Aristotle, science was counsidered to be nearly the
same thing as philosophy; indeed the philosophers were the only ones who
indulged in any form of science besides bhose who practiced the "black
art" or some form of witchcraft. Then when science is said to have come
into its ouwn, science and philosophy drifted farther and farther apart,
until they were considered to be enbirely incompatible. . Philosophy still
continued to dwell in abstractions bubt science, the 'great science', deltb
only with truths and realities. We are now at the threshold of a new era,
as science and philosophy are drawing closer and closer together again.
We hear it said now that one canno® be a creative scilentist unless he
possesses a cultivalbed imagination, that those scientists who pursue obser-
vabions and logic are constantly plagued by #facts! which they refuse to
disregard.

Very litbtle of this new thought has drifted into the classrooms of
our elementary, Junior high, and high schools, and it would only seem
natural that many of these students would like to know of this recapit-
ulation taking place, and perhaps they could be motivabed into some serious
considerations of the definitions and the presumptions of science. They
could'very easily be thrilled to realize that science with all of its

accomplishments could be considered to be in a dilemma. They could be

mystified to the point of awe, when confronted with the suggestion that



common sense is not the same as logic and that the latter is merely a

mabtter of habit, education or commmnication.
Its Presumptions and Definitions

then asked if there are any beliefs that are presupposed by science,
the answer seems to be that such beliefs are not properly required for
the carrying on of science, but that they are needed for its justifi-
cation., This basic distinction between acting and jusbifying ones actions
runs through the entire patiern of human behavior. One may act without
at the moment being able to state the principle directing his actions,
or he may enjoy a painting without at the time being sble to give a good
reason for the basis of his appreciation, Similarily one may pursue truth
without being able either to define truth or to state what conditions must
be satisfied by nature and by man if truth is to be obbained. In terms

of our problem, this means that science may, for relabtively long periods

)

of time, go on its merry way, without requiring any examination of pre-~

suppositions or assumption; furthermore, science seems in general to be
none the worse for this fact. In this sense there are no beliefs that
are presupnosed by science and the insistance on the part of certain phil-
c¢sophers that the scientists must uncover and make peace with his pre-
suppositions seems somewhal misplaced. He can Justifiably reply that
scilence has been doing very well, thank you, without this kind of energy,
and the prospects seems not oo bad for the future.

This argument seems all very well bubt if left entirely alove, one
might properly assume thabt nothing nesds defining. Indeed there are
those who advocate

his method of education - that is, never to make a

formal definition as such bubt by driil and use the definition becomes



emplanted without the iﬁdividual being aware of it., Certainly this Would
at times become very frustrating to the student, for if he were aware that
he was taught in this mamner he might reasonably say that no question need
be answered on the spot. Rather, let us toy with it and perhsaps its mean-
ing will rub off, and suddenly we will all see the light.

Sir Isagac Wewton was a God-fearing man, and a humble one., Ironically,
the scientific revolution, which his discoveries initiated, gave birth to
generations of proud theorists wiho were confident that they could solve
éverything in the universe by a rigid attention to the great scientific laws
of Newton and his successors. The belief in the world as a "great machine,V
eminently knowable, was buttressed by the successive brilliant discoveries
like Faradsy's research into electricity, Darwin's theory of evolution and
Mendeleev's periodic table of chemical elements. Down in the twentieth
century, it made the average scientists seem rather uppity.

In the United States, especially, the doszma of science was widely
enforced. "Science tells us" became the favorite lead-off of the bill-
board and the radio commercial. In universities as well as advertising
agencies, the authority of scilentists have an glmost theological warrenty
at a time when theology was frowmed on. Small wonder that this sterotype
of the domineering scientist became an object of some resentment by laymen.

The atom destroyed this idea of scientific omnipotence. The dis-
coveries of abtomic science forever toppled the confident certainty of the
"great machine!" viewpoint as surely as Newbon and Copernicus ripped to
shreds the physical science of Aristotle. It forced scientists to super-
impose a whole new complex set of rules and observations on top of their
old Newtonian physics, for Newbton's laws did not apply to the peculiar

novement of the gbtom world.



This idea of our scientific limitations has been very well expressed
by one of the foremost scientists of our time, James Robert Oppenheimer.

Tn an address entitled "Science and Common Understanding! he said in part:
o Ry

We are, of course, an ignorant lot. Uven the best of us know how to
do only a very few things well; and of whab is available in lknowledge of
fact, whether of science or of history, only the smallest part is in
any one man's knowing. The notion of universal knowledge has always
been an illusion., We are not today tempted to search for keys that un-
lock the whole of human knowledge and of man's experience. - - And this
is the mitigant of our ignorance ... although we are sure not to know
everything and rather likely not to kmow very much, we can know anything
that is known to man and may, with luck and sweat, even find out some
things that have not before been know to him. This possibllity is one
of the manifestations of our belief in equality, that belief which could
perhaps better be described as a commitment to unparalleled diversilty
and unevenness in the distribution of attaimments, knowledge, talent,
and power.1

The widespread conception of philosophy and science as radically
independent fields of inguiry is of relatively recent origin. Less
than two centuries ago, it was usually assumed that at least part of phil-~
osophy's task was to analyze the structure and assumptions of the sciences,
and thereby to moke explicit the nature of lkmowledge and of the pervasive
features of the universe. The late divorce between philosophy and science
was due to a number of factors, one being the influence of a poweriul
tradition. It was supposed, cven by some of the great masters of science,
that the proper objects of knowledge must be trubhs which are capable
of being established with complete certainty. It graduaily became apparent,
however, that knowledge obtained by scientific methods does not conform

[

to these specifications. It was not easy for most men to emancipate

lgames Robert Oppenheimer, Science and Common Understanding!
Newsweek, June 1L, 195L, p 71



themselves from the old tradition; many were persuaded that what could
not be achieved by science could be atbained through philosophy. In
short, the view became fashionable, especially in Cermany, that philos-
opny had a privileged access to ultimate truth, and that it could achieve
a more profound understanding of things by turning its back on écience.
Philosophy was thus reputed to be the exclusive quest for the eternal
and the certain. Indeed, many philosophers acquired quite a contempt
for painstaking logical analysis, and produced speculative systems of
the world that possessed imaginative and emotional appeal but found little
support in empirical inguiry. Philosophy also freguently served as a
defense for the intellectual and social status quo.

The above arguments are acknowledged in a book by Hans Reichenbach,
"The Rise of Scientific Philosophy." 2 The book is divided into two parts;
the first is a critique of the»assumption, that there are truths - that is,
true propositions gbout the world which can be established by reason
alone. The second and larger part of the book claims to show that with
the help of modern tools of logical analysis, and when dve heed is given
to the findings and procedures of the empirical sciences, a number of
outstanding issues in the theory of knowledge and the philosophy of na=-
ture can be definitely solved. Tts author has, therefore, written a
vigorous plea for an end to the unfortunate divorce of philosopliyy and
sclence,

What can perhaps be safely said is thalt scientific philosophy finds

no comprehensive plan controlling the operations of ngture; that is, it

2Hans Reichenbach, The Rise of Scientific Philosophy, University
of California Press, 1951



attacks problems in a piecemeal fashion and eschews all attempts at a
wholesale solution of nature'!'s secrets; and that its standard of reason-
ing and conpetent evidence are those which obtain in the varied empirical
sciences.

Modern science aims at generality, and at the same time it seeks %o
provide dependable guides for the intellectual. Butb the actual evidence
for its laws and theories is never complete and there is no guarantee
that the guides will function successfully in the future,

So what theories should we believe? We must admit that theories
must be made if there is ever any progress and that perhaps some of the
terms in the theories need to be defined. Do we need to decide whether
or not a theory has value before we acceptv it? If it is necessary to
make a value decision to have a science before we can have one, then this
decision is literally prescientvific and has not, therefore, been showp to
be any part of the procedures of science, Similarily, the decision that
one problem is more worth-while as a focus of atiention than anobher is
an extra decision and forms no part of the procedures involved in dealing
with the problem decided upon., Since it is these procedures that con-
stitute the method science, the value judgment has not thus been shown
to be involved in the scientific method as such. The perfect scientist does
not allow this kind of value judgment to infliuence his work, just as a per-
fect father does not ask if his being a father has any value, nor a perfect
lover does not ask if his loving has any value. For bthe same reason a
so called perfect grouche does not ask if his griping has any value.

Anong scientists it is taken for granted that a theory should be
accepted if and only if it is "brue." To be true means in this sense,

Yo be in agreement wibth the observable facts that can be logically



10

derived from the theory. Every influence of moral, religious, or politi-
cal considerations upon the acceptance of a theory is regarded as "ille-
gitimate" by the so-called "comnmunity of scilentists.” This view certain-
1y has had a highly salutary effect upon the evolubtion of science as a
human activity. It tells the truth - but not the whole truth. It has
never happened that all the conclusions drewn from a theory have agreed
with the observable facts. The scientific comnmunity has accepied theories
only when a vast number of facts has been derived from few and simple
principles.

If we restrict our attention to the two criterions that are called
Hagreement with observation" and "simplicity," we remain completely within
the domain of activities that are cultivated and apiroved by the commun-
ity of scientists., There is obviously no theory that agrees with all
observations and no theory that has "perfect" simplicity. Therefore, in
every individual case, one has to make a choice of a theory by a compro-
mise between both criterions. However, when we try to specify the degree
of simplicity in different theories, we soon notice that atbempts of this
kind lead us far beyond the limits of physical science.

In his latest book "What is Science?M Mr., James R. Newman sets the
volume's tone when he concludes that we must look to man and to science
itself for a happy issue from the momentious problems which its progress
has posed for mankind. He then goes from one essay to another which
inciude a challenging assortment of facts and ideas, for example: Axioms,
which troubled men so long because they were thought to be self-evident

ruths, are now re nized as nothing but assunptions. o X} a
truths, T TeCO d as nothing but assumpt To be good,

3James R. Newman, What is Science, University of Chicago Press, 1955
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theory must be capable of disprocf. It leads to new experiments and these,'
in turn, test the merit of the theory. The scientist works in two en-
tirely distinct worlds - that of facts and that of interpretation and
creative imagination. Scientists can profit by being more humble in the
face of their immense ignorance, by a frank admission of awe and admir-

ation for the great beaubty of the things they study.
ITS DILEMMA

There is present in this country, symptoms of a growing distrust
of science and scientists., The problem or dilemma is indicated by a number
of phrases and statements (some only approximate quotations) which have
appeared in speeches, articles, and books, parbicularly during recent
months,

UScience is a conflict with soclety...Science has failed....Science
is charged with some, if not most of the failures, violence, brutalities,
suffering and confusion of our times....There is a growing anxiety to
minimize and localize science.,..Science is tolerated only on its best
behavior....It has become a passion and a lwury....4A sacred COW....A
cult of men in white coats....Its revelations have been considered alien
to the human spirit....It will destroy civilizgtion....There is a steady
increase in irrgtionalism, unscientific and antiscientific attivudes of
mind....Scientists are valuable but untrustworthy....There 1s a widespread
tendency in the public mind to identify science with destruction....
Science must not be permitlted to go on a rampage....Scie:ce 1s respected
for its power; not for its spirit....Moral incompetency of science....A

revulsion against science is said to be in the making....Disappointment
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and suspicion enshroud science....Hovering over science are storm clouds
of suspicion, recrimination and fear....There is abundant evidence to in-
dicate a serious decline in the popularity of science and scientists dur-
ing the past few years....Sclentists have been more pushed about by U.S.
security regulations than any other group in our society....Touting for
precious freedom, scientists are really speaking of permissive freedom -
exemption from legal restraint in pursuit of knowledge....let's demend
a moratorium on science.™

This is only a small sample of expressions which apparently reflect
attitudes now in ascendance. The itrend may be insignificant, transitory,
or even imaginary; or it may be very real and serious. Irreparable damage
may be done before it is apparent. Of course, critics of science have
always been with us and scilence from its beginning has contended with these
attitudes. The contemporary criticism, however, while exhibiting the same
ignorance and lack of understanding, is arising in new and powerful quar-
ters, is aimed at our basic philosophy, and sppears to be building up
to the point where the "sins of science! is g popular topic of conver-
sation.

High school science students like to discuss such things as these -
in fact, some of their most delightful experiences in the classroom come
from what they thought was a complete abandonment from the lesson. They

hat the class got clear away from the teacher when

o

nay even have feltd
actually it could have and should have been under his direction all the
time. Here is listed some of the causes of the adverse development in
the field of science, each of which could easily be used for a topic of
discussion in the classroom:

1. The concept that science and religion are in opoosing camps -



suspicion thal science is largely responsible for whatever degrece of
abandomment there has been of moral principles and ethical sbandards.

2. The internationalistic outlook of scientists - misunderstanding
of the scientific philosophy of free exchange of information.

3. -Social neutreglity of science -~ the detachment and indifference
of scientists to public attitudes - the practice that some scientists
have of setting themselves apart, above, and beyond the rest of society.

Lh. The ridicule of areas of knowledge not subject to precise measure-
ment, the disagreement among scientists themselves as to what can ke git-
itimately be considered Uscientific.™!

5. The time lag between the views held by scientists and public
awareness of such views,

6. Fear and resentment of the "destructive! power of science.

7. Disappointment in the wake of the exaggerated hopes penned by
excited newspaper and magazine writers.

8. The extraordinary scientific illiteracy in America even among
intelligent, educated people - ignorance of the basic precepts without

which there would be no science at all.

The situation demands further study of causes and solutions., Science
needs no spacial pleaders, bul respect is a necessity and can come only
with understanding., Scientists are dependent upon society for their pri-
vileges and it behoves them, no matier how many years it may take, to
communicabe a more accurate cbnception of scilence to as many people as
possibie,

Here it seems, lies something of valve. We know full well that our

entire class will not be creative scientists, and while we must do all



1

that is humanly possible to motivate those who might possibly have superior
ability, we must not creabe an aversion to science for the others. Though
these slow learners need not climb the house tops to plead the cause of
science, they need respect for science, which as stated can come only

with understanding.

Many times scientists feel that they are surrounded with a public
opinion by which scientists are described as secret sorcerers who, in
closed laboratories, conjure up bigger and betber methods of destruction.
Everyone who has had any real contact with scieiice or scientists lkmows
well that this picture of sclence is highly misleading.

Sir Richard Gregory, the late editor of "Nature!" said: "Science is
one of the great human endeavours to be ranked with art and religion as the
guide and expression of man's fearless quests for truth.m

Dr. A. V., Hill, in an address entitled #The Ethical Dilemma of Science'

defends this situation as follows:

It is clearly our duty as citizens to see that science is used for
the benefit of mankind. TFor of what we is science if man does not sur-
vive. It has been debated whether "the scientific mind" is fundsmentally
amoral. The real answer is thal there is no such thing as the "scientific
mind." Scientists, for the most part, are quite ordinary folks. In their
particular scientific Jobs, they have developed a habit of critical exam-
ination, but this does ot save them from wishful thinking in ordinary
affairs, or sometimes even from misrepresentation and falsehcod when their
emotions or prejudicies are strongly enough moved. Their minds are no
more amoral than those of surgeons, lawyers, or scholars., As investiga-
tors, most of them realize that their function would be satisfied were
they to introduce moral data into scientific argument. So scientific
people, like all good citizens, must take account of ethical consider-
abions and chief among these are integrity, courage, and geod-will.
Integrity forbids them to allow feelings of any kind to obscure facts,
but that does not make them amoral. After all, integrity is the first
condition of moralibty.%

&A. V. Hill, "The Fthical Dilemma of Science®, Vital Speeches 10:617
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Many btimes the student in the classroom may loose sight of the
value of his texbook materisl. He may feel that it is so far removed
from the things that are taking place in the world, that he is wasting
his time Jearning basic science and answers to elementary quesbions.,
Perhaps he needs to consider briefly that industry is now, more than
ever, luring and tempting the "pure! scientist. The change is part of
the graduslly emerging new patbern of American industrigl technology.

In the past, industrial researchers - as distinguished from long-hgirs -
concentrated on improving products. They worked by the rule book of
existing knowledge; they were content if things happened, to be ignorant
of the essential reason for the happening. Today, that is no longer
enough. Technology has exhausted the existing canon of knowledge, both
experimental and theoretical. Irom now on, pure science is needed to
un.iock the door to newer and better products.

There are several reasons why the elementary questions must be
answered. FEurope is petering oulb as a fountain of pure science. TWe
no longer have the material for all our ideas. Most of all, the insights
into natural phenomina, produced by pure scilence, have hatched the me-
chanical wonders of today. But scilentists say these are mere indications
of whabt can be done. Industriglists gleefully watch their Ph.D's pry
away at the why of things, and excitedly wonder at the "gee-whiz! ideas
that lie behind the doors their scientists will open.

There are bhose writers who have gone so far to express fear that
physical science may not survive, This may seem very ridiculous in the
light of all recent publiciby, but thére are some sensible points thal
can be mentioned.

De s the fact that we are said to live in the age of science mean



that the method of physical science has penetrated into the thinking
habits of the average citizen? Anyone who answers this in the affirma-
tive must be prepared to explain many curious and highly publicized
phenomina of very recent date, among them "dianetics," miscellaneous
miracles," and the renewed controversy over dowsing, not to mention
business as usual by the astrologers and the spiritualists.

There have been cranks in all ages, and in a free society there is
certainly a place for them. They undoubiedly have a definite contribu-
tion to make to civilization: They amuse some people and stimulate
others to useful ideasj occasionally they mske money. Perhaps cranks
should not be attacked as such, bub what seems deplorable is thalt a very
large segment of the educated public appears unable to distinguish a
crank from a scientist. In spite of our vaunted educational system, it
is all too clear that to most elements of the population, scientists
are merely people who collect facts about all sorts of queer bthings and
then use the Ffacts to make all kinds of materials and gagets.

Cne of the characteristics of scientists and of other professional
individuals for that matbter, which most men in the streelt rind exasper-
ating, is the habit of maintaining a judicious balance about most guestlons
under discussion, instead of coming right out with dogmatic emphasis and
saying "This is so, and make no mistake about it." Of course if scientists
were to teke this positive attitude, they could be made to look like
fools on so many counts that this same man in the street would loose
complete falth in him; this is a worse fabte than mere exasperation. Ab
any rate, there is no question of the dilemma which also appears to be
getling more complex,

Perhaps the most striking fact about modern science, in its explorations,
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ranging from the heart of the atom to frontiers of the universe, is
that, like poetry, like philosophy, it reveals depths and mysteries
beyond, and quite different from the ordinary matter-of-Tact world we
are used to, Science has given back to the universe that quality of
inexhaustible richness and unexpectedness gnd wonder which alb one time
it seemed to have tsken away.

We can claim science to be one of the most complex and far-ranging
of our mental experiences., At any one moment we may hgve only a pre-
carious hold on a temporary truth, and our conscilousness of this ever
urges us to seek fresh truths and new understandings. The pursuit of
scilence presents to the human mind an enduring challenge on an endless
frontiser, gquite apart from the material enriclment of mankind to which
it may incidentally give rise. As Nobel Prize-winner, Sir Edward Apple-
ton, Principal of the University of Edinburgh said, "If art for art's
sake 1s a desirable slogan, why not science for sciencet's sake?2!

So despite the immense technological successes of science in our
time, we must admit that there has been a widespread dissatisfaction.
One has accused modern science for its cmphasis on the material aspect
of the world and for diverting the mind of modern man from human and
spiritual interests., The humanities have developed almost scgregated
from the sciences. Philosophy, the key to the humanities, has become an
isolated department, without much bearing upon the mind of present day
scientists. An attempt has been made by many sclence groups Ior some
improvement of this unsatisfactory situation by discussing in a strictly
gscientific way, possible bridges between the natural and the social sci-
ences, between the sciences and the humanities. Such bridges cannot be
buili without some elements of common language and without a minimum of

cormon philosophy.
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One common problem discussed is "Reasons for the acceptance of

scientific theories" becguse, in the solution of this problem, not only
ults of purely scilentific research are involved, but equally consid-

erations from the fields of social studies and the humanities, particu-

arly from the philosophy of science. Some have stressed the point that
in the physical sciences a general theory, such as the theory of relativ-
ity, is not accepted on the ground of mere agreement of its results with
observed facts. The theory should also be simple, in agreement with
common sense, with prevailing vhilosophies and should allow an interpre-
tation of the universe that can be used to support a desirable way of
life, Since none of these requests can be completely met by a theory,
the actual acceptance has always been in effect, a compromise.

In this competition for the role of sense makers to a bewildered
humenity, some feel that the scientists are loosing out., Hot that people
do not want to be irstructed by science, they have never been more eager
for whabever guidance it can give. DPeople stand reverently before ibs

theories, listening hard, trying mosi earnestly to understand. Bub what
they hear is ever less inteliligible They have acquired a great deal

of scientific information, more than laymen have ever hefore lknown, but
they have at best, only a vanishing giimmer of an idea of whalt this
information means.,

Scientists dnembelves ere hardly any bebtiter off. So far has scien-
tific specilization gone thst only the most selected can hope to under-
stand the refinements of each specialist's work. Today there are few

scholars wiio can call themselves mathemat1c1lns or physicists or biolo-

gists without restriction. A man may bte a topologist or an acoustician

or a coleopterist. He will be filled with the knowledge of his fileld, and



will know all its literature, all its ramifications, but more frequently
than not, he will regard the next subject as belonging to his colieague
three doors down the corridor and will consider any interest in it on his
own part as an unwarantable breach of privacy. The criteria for disting-
uishing sense from nonsense, have to a large extent been lost. Our minds
are ready to tolerate any statement, no mabter how ridiculous it obviously
is, if only it comes from a man of repute. If this stabte of mind exists
ameng men of sclence, what will be the state of mind of a public, taught
to measure the value of an idea in terms of its incamprehensibility?

What then do we tell our students in our classrooms? Do we overlook
this dilemma and stick to the absolute facts in the textbooks? Certainly
that would be the easy way, but if this is the way we choose to take,
out goes one of the possibilities for motivation. On the other hand,
do we mention this dilemma at the start of each class? Do we constantly
indicate thal because there are a few points about which we are uncertain,
that this is conclusive evidence that we must therefore be uncertain
about all points? Obviously this would lead to mass frustration, and
these discussions should be reserved for those rarve times when by some

sixth sense you realize an opportunity to thrill a student or a class.
Its Gommunication

Cormunicabtion has become an irksome, two-pronged probiem for the
scientist. On the one ha.d, he finds it increasingly difficult to keep
abreast of the work in his own and allied fields. On the other, he sces
an ever-widening gulf separating him from the public. Expanding research
programs yield data at an accelerating rate, yet the scientist's reading

and retention rates are limited physiological and psychological factors.
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4 biochemist observed recently, "If I kept up with all the work
being done in the narrow field of antiblotics alone, I would have no time
left for research. As it is, I am buried under a mountain of papers,
and reports.”

Perhaps this problem of commnication with the scientist and the
public and within scientific groups, is also a problem with the science
teacher. Certainly he is expected to keep up with developments in a
very vast field, but if he cannot communicave, his cause is lost,

Portunately, scientists realize the seriousness of this bottleneck,
and wndoubtedly it will be removed before it strangles scientific work.
Scientific language, with its mathematical symbolism, is universal.
Consequently, the problem is one of engineering, Once a method is set up
by which information can be abstracted at various levels of complexity,
recorded, cross-indexed in efficient research pathways, and made available
in easily accessible form, the scientist will. no longer need to flounder
through unnecessary data to find what he needs. Increased reading effi-
ciency will enable him bo keep informed of developments.

But the problem of communicabtion bebween the sclentists and the
public has no such obvious solution. The scientist is changing The world
about us. His work is vibal to our health, security, and prosperity.

Yet to the average laymen the work and the language of science are as

mysterious as the witch doctor's "mumbo-jumbo! is to the savage. The pace
of scientific discovery has left the layman far behind, and the few inter-
preters of science too frequently speak a langusge he does nobt understand,

In today'!s world, there is greab popular respect for the scientist
as a technician but there is great popular skepticism concerning the

)

ability of the scientist in the areas of politics and social organization.
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When one comes Lo international affairs, the scientist's deeply embedded
sense of fraternity among those who seek knowledge in the same field of
investigation, regardiess of theif nationality, is almost certain to expose
him to the charge that he is "soft" in his thinking about the United

States and obther nations. This low appraisal of the scientist as a cit-
izen is on important aspect of the anti-intellectusliism that today appears
all too camonly in the climate of public opinion. It has been encouraged
and strengthened by conservative politicians and demagogues who say to

the scientist, in effect: "Continue your research. Improve the machinery.
Design new gadgets, and create more powerful weapons. Bub stick to your
laboratories. We will debtermine how, and for what purpose, all these

things shall be used in practical everyday life.”



CHAPTER IIT

UNCERTAINTIES IN LIFE

Perhaps the most promising area for uncertainties continuing to
be such, is that area in which 1ife itself is a part. The poet and
the philosopher have long been writing and talking sbout its mysteries,
and it seems ‘that when the scientist atbempts bo talk about 1life by way
of definition, he is talking as a poet. We know, of course, that scientists
know a vast amount of things about life - they know the conditions undsr
which life can exist, or at least life as we know it, can exist. They can
itemize these conditvions in nice pretty order, and yet there is glways
some snealky individual thal does not fit. They have attempted to divide
life into two kingdoms, the plant and animal. Yet, there is a group
called the flagellates that seem to fit in both or nerhsps neither. In
nearly all these distinctions about which the experts have attempted to
be precise, there is not a sharp clean line of division, bub rather a
broad fuzzy 1line.

The scientist cannot adequately define life or, at least, nov as well
as the poet. Aristotle, who we must call a scientist, perhaps gave some
of the best definitions of these abstractions. He said an animal was an
animal because of its animal soul, and a vegetable was such because of
ite vegetable soul. A man was therefore the highest because he possessed
the most highly developed soul. Certainly no one could argue with this

definition, but whab exactly does it tell us? Our moderm scientists can
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east give us something more useful even though it might not be quite

-

as truthful or philosophical,

With the failure of so many experimental efforts to find the secret
of life, science was left in the half embarrassing position of having to
postulate theories of living origins which it could not demonstrate.
After having chided the theologist for his reliance on myth and miracle,
science found itself in the unenviable position of having to create an
mythology of its ownj; namely, the assumption that what, after long effort,
could not be proved to take place today had, in truth, taken place in the
primeval past.

The use of the term mythology is perhaps a 1lit:le harsh. One does
occasionally observe, however, a tendency for the beginning zoological
textbook to take the unwary reader by a hop, skip, and jump from the
little steaming pond or the beneficent chemical crucible of the sea, in-
to the lower world of life with such sureness and rapidity that it is
easy Lo assume that there is no mystery about this matter at all, or,

if there 1s, 1t is a very little one,

)

his attitude has indeed been sharply criticized by the disting-
ulshed British biologist Woodger, who remarkéd some years ago: "Unstable

organic compounds and chlorophyll corpuscles do not persist or come into

existence in nature on their own account at the present day, and consequent

it is necessary to postulate that conditions were once such that this did

happen although and in spite of the fact that our knowledge of nature

does not give us any warrent of making such a supposition." It is a simple

dogmatism asserting vhat what you want to believe did in fact happen.
Yet todsy bthere are theories of all denominations that constantly

plague us. We camnot of course completely disvegard these theories

1w

o
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for though our doubt may be justified, complete refusal to listen is not.

P

Dr. George Wald of Harvard, firmly believes that if you start with a
universe containing protons, neubtrons, and electricity, life, that will
pursue evolution, will eventually appear. There have been experiments
that do suggest that perhaps a billion years or so ago, repeated bolts

£ lightning forced basic chemicals in the atmosphere into a coincidental
merger. Simpie substances were combined inbto more complex assemblages.
Anino acids, proteins, and other biological building blocks were formed.
Further experiments have led the biologists to coziclude thgt the world's
biological chain reactioms could have started with volcanic eruptions:
Lava, hitting the ocean at a propitious time in the earths geological
evolution, could have heated sea water to temperature suitable for chemical
blending. Sooner or later, Dr. Wald is sure life will begin on any plenet
like the earth (of which there are probably billions).

Many scientists think that life appeared on earth when the atmos-
phere, instead of being its present mixture of « ygen, nitrogen and carbon
diox’de, contained methane, amnonia and hydrogen. These ingredients,
8bill to be. found in the albmospheres of Jupibter and Saturn, slowly com-
bined into larger and larger organic molecules, according to the hypo-
thesis. At last one molecule, a complex protein, showed the ability to
absorb other molecules and create replicas of itself.

tWhen Nobel Prize-winmer, Harold Urey, elaborated on this theory last
year, he said that one of his students was checking it experimentally.
Graduate Student, Stanley L. Miller, 23, told how he had simulated condi-
tions on a primitive earth and creabted out of its atmospheric gases several
organic compounds that are close to proteins. Miller set up a closed

apparatus containing waber, methane, ammonia and hydrogen. TWhen the
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water was heated, 1its vapor circulated the other gases past a small elec-
tric discharge, which promoted chemical reasctions among their molecules.
This sort of thing may have happened on the primitive earth, where light-
ning was probably common. 1In any case, bthe infivence of the electric dis-
charge was similar to that of the strong solar radiation besbing down

on the top of the primitive atmosphere.

When the apparatus of Miller's had run for a day, the water grew
pinkish, and then turned red. After a week, Student Miller analyzed the
mixture. Iv proved to contain at least three amino acids (glycine, alpha-
alanine and bet-alenine). This was the hoped for payoff: Amino acids
are the building blocks of which proteins are made.

Professor Urey and Student Miller do not believe they have created
life. What they have done is to prove that complex organic compounds
found in living matter can be formed by chemical reactions, out of the
gases thal were probably common in the earthl's first atmosphere., If their
apparatus had been as big as the ocean, and if it had worked for a milliion
years instead of one week, it might have created something like the first
living molecule.

From experiments such as these mentioned, most biologists believe
that life developed in a this soup of organic compounds dissolved in an
ancient sea. Today the seas contain no such stuff; if any is formed it
is at once destroyed by living organisms. Bubt in the days wien there were
no such organisms, molecules of sugar, proteims, etc., might have existed
indefinitely, and where two of them came together they might Jjoin to fomm
a large molecule. Eventually, so goes the theory, a larger complicated

molecule was formed that could grow by absorbing neighboring molecules

and could also reproduce itself.



Growth and reproduction are earmarks of life, Bub the biologists
ask, did the seas before the beginning of life really contain organic com-
pounds? If so, where did they come from? Scientists have dissolved a
little ferrous sulphate and COp in pure waber enclosed in a specially
designed glass cell and exposed it to hish energy helium ion beams from
a clyclotron. Analysis showed that a little of the COp combined with
waber to produce Fformic acid and formaldehyde, Scientists have long knowm
that solutions of formgldehyvde sometimes turn into sﬁgar.

There were no clyclotrons, of course, when the earth was young and
lifeless, but the ocean probably contained COZ and a variety of other
inorganic chemicals. High energy radiation from cosmic 1ays and obther
sources might have impregnated this virgin solution as it does today.

It seems quite possible thab it created formaldehyde. Then in a million
years or so, this simple stuff may have turned into sugars, proteins and
gt last into living particles.

Then there are those who think life may have begun on earth as a
mist of tiny organisms, or a "piological aerosol," high in the atmosphere,
rather than in steamy primeval seas; Heinz Hager, of the U. S. Air Force
Department of Space Medicine thinks life may exist today in that form
on Venus, thought by many astronomers to be lifeless. Haber further
thinks it possible that 1ife attempts to gain a first foobhold on planets
within their atmospheres in the form of these biologicai aerosols. There,
life becomes a major factor in the development of the chemical consti-
tution of planetary atmospheres. As a consequence, the living matter
alters gradually its chemical and thermal envirconment by changing the ab-
mosphere's constitution, its absorptive qualities regarding solar energy,
and its proper radiation, until life may finally succeed in developing

explosively,
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According to this concept, life does not depend entirely on the

L

chances of the creation of a suitable environment effected through in-

iy

organic processes on the surface and within the atmosphere of a planet.
re ] £

Instead, life itself invades a planet and attempts to form an enriron-
ment favorable for extensive development. In the light of this concept,
Venus and Earth can be considered as presently being in different stages
of development.

A mystery that has Tfascinated philosophers for thousands of years is
how a complete organism develops out of a single fertilized egg cell.
The biologists can disturb fertilized ova in all sorts of ways, but they
cannot explain how the apparently simple cell can, all by itsell, construct
something as complicated as a whale or a man, A man's body starts as a
single fertilized cell, Somewhere along the way it is arrenged that
certain of the cells arising from this common ancestor cell develop spe-
cialized characteristics and become nerve cells; certain others become
liver celis, while still others develop into the cells of fingernails,
hailr, muscle, connective tissue, and so on. How does this specialization

take place? Here, surely, is a deep problem which is at the very core

of bilologicsgl science,



CHAPTER IV

UNCERTAINTIES IN PHYSICS

What has happened to the relgtive tidy picture which we a1l had,
not too many years ago, of a physical world bullt from only a couple
of elementary particles? What sort of & delimma are we headed for, when
the number of elementary particles now stands at perhaps twenty-five,
and still tends to increase? Is it possible that these elementary par-
ticles have become neither elementary nor particles?

We have to admiv that our conception of material reality today is
more wavering end uncertain than it has been fior a long time. We know
a greabt many interesting details, and learn new ones every week. But
to construet a clear casily comprehensible pilcture on wnich all physi-
clsts would agree is simply impossible, Physics stands at a grave crisis

P

deas. lowever, the optimists among us look upon this view as a

I_J'

of
philosorhical extravagance born of despair. We hope that the present
fluctuations of thinking are only indications of an upheaval of old
beliefs which in the end will iead to something betiter than the mess of
formulas which today surrounds our subject.

In spite of our optomism, we must agree that the basic guestions
are giving the physicists trouble. Matter, for example, 1s common stuff,
but the scientists do not know what matter is. The more they dig into the
problem, the more confused they get. Dr. Erwin Schrodinger, Nobel Prize-

wimmer in physics, points out that light can behave as waves and also as

28
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particles. So can electrons, protons and larger chunks of mavter.

A limited volume of gas, say helium," he admits, "can be thought
of as either a collection of many helium atoms or as a matter of waves."
By the same kinds of reasoning, a desk, a battleship, or even Dr. Schro-
dinger himself may be merely a fuss kicked up by conflicting waves. Butb
Dr. Schrodinger is not sure of even this wild idea. He admits that neither
he nor anyone else can answer the question. "What is mabter?®

What holds the nucleus together? FElectrical forces bind the elec-
tron to the atom, but they cause nuclear particles to fly apart. The
powerful cohesion of protons and neutrons must be explained by a wholly
different phenomenon. In the past quarter century, physicists have devoted
a huge amount of experimentsation and mental labor to this problem -
probably more man-hours than have been given to any other scientific
question in the history of mankind. The problem is not only fundamental
but alien to our experience, By all the laws of known forces, the parvi-
cles in an atom's nucleus should flee from one another, instead of cling-
ing bogether so strongly that we must build enormously energetic machines
to pry them gpart. The glue that holds the nucleus together must be a
kind of force ubtterly different from any we yet know.

Dr. Hans A. Bethe, head theoretical physicist in the war-time atom-
bamb project, is baffled by this force and says trying to explain the
structure of atoms without understanding this mysterious binding force,
is like figuring out the rules of a baseball game withoult seeing the ball.
However, he has faint hopes for he thinks the bitding force has something
to do with mesons, and knowledge of the elusive particles is accumilating
rapidly.

Where do cosmic rays come from? How do these particles attain
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their awesome energy? They have told uws much about the nabture of the
nucleus, and they promise to tell more gboub the universe. The earth is
wnder a ceaseless rain of particles from space. These cosmic rays, our

"

only materilal contact with the vast universe oubside our planetary system,
have excited wonder and eager study ever since they were discovered forty-
5ix years ago. They fall upon us with energies far beyond anything that
can be produced on earth, They shatter the atoms of matber and make thelr
nuclel explode into strange fragments. It is the investigation of cosmic
rays that has been responsible for the discovery of so many new elementary
particles in the past quarter-century. Besides this, cosmic rays are of
great interest in biology, for by producing mutations in genes they'ére
said to have played, and continue to play, a large role in the evolution
of 1life on the earth. Thus, cosmic rays have been very useful to science,
but the big question reﬁains: Where do they come from, and how do they

get Their fantastic energy?

Professor Bruno Rossi of M.I.T., a leading authority on the subject,

[

seems to favor, tentatively, the theory that the cosmic ray particles
were shot out of stars at moderate speed and were gradually accelerated
by magnetic fields in space. But he is by no means sure., WAL present,!
he says, "no hypobhesis about the origin of cosmic rays 1s unequivocally
supported by theory of experiment.!

Another great mystery of space is why the galgxies often look like
spinning pinwheels, Cecllia H. Payne-Gaposchkin of Harvard (bservatory
has no ready answer. She points oulb that a great many galexies including
the earths, are spirals, but she does not know how they got that way.

It may have something to do with the turbulence and viscosity of the thin

gases between the stars, or with the magnetic fields that are supposed to
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permeate space. Astronomers believe that the explanation of the mysterious
spirals will tell them much about the history of the universe.

Some of the uncertainties in physics have been exceptionally well
discussed by Norman E. Nelson in an article written for the Yale RHeview

entitled "Science and the Irresponsible Imagination:®

Those of us who have not died are getting old, and what is more sig-
nificant, these ideas of our flaming youth are getting on in years and
ought to settle down and act their age. This in my opinion, they are not
doing, and the popularizers still ride the magazine circult, and in one
field especially, I have noticed that the wiseacres are almost never
challenged or heckled. 1In the space-time continum that Professor Einstein
rules as his domain, there are few indeed who dare to railse their heads
and ask inquiringly aboubt bthem, ’

When I read the poprularized physics of our present decade, T am
compelled to recall the 'twenties! and my own uncasy bemusement which
culmingted when I read "“The Nature of the Physical World." Therein,
Fddington said, or secemed to say, that an iron bar is at one and the same
time of different lengths according to the way its atoms are distributed
by the magnetic field surrounding it, that magnebic field being determined
not by where the bar is bul by where it is observed firom - the lonely
platforms circling in space, each with a scientist peering through his
telescope and jotting down his calculations. Since Eddington was ac-
knowledged even by his grim fellow scientists to be the Lord Bishop of
the physical universe, and since I was down by the effort to cauprehend
him, I succumbed to his style.

Eddington was no mere popularizer and I do nob visualize myself as
reducing him to confusion in debate. My gquarrel is with myself for be-
lieving what I did not understand, and as time goes on, with semi-scientific
popularizers who disseminate whalt they clearly do not understand. Time
should have brought a sifting of the first extravagant conjectures and
g reassertion of the human right to examine whalt we are asked to believe.
Time has brought no such thing. Because some awesome speculations have
exploded convincingly in the middle of the Pacific, few of us are rash
enough o quibble about anything bearing the label of the neW'physics.l

Mr. Nelson then continues at length concerning the ldterary liber-
ties that are taken in science and mathematics., After quite a discourse

on mathematics, he returns to physics.

But the fun that the literary mystagogue has with aritimetic is
nothing to what is possible when he begins taking liberties with the

lNormen E. Nelswun, "Science and the Irresponsible Imagination"
Yale Review, September 195k, pp 71-88
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laws of physics. Perhaps the clearest illustration of this is the almost
universal misunderstanding of the Heisenberg principle of indeterminacy.
Like many great scilentific discoveries, including Galileofs epicadl account
of falling bodies and of missile trajectories, this principle is popu-
larly mistaken to be the direct expression of experimental observation,
but in fact it is a rational inference from an unobserved wniversal assump-
tion to an unobservable universal conelusion. Heisenberg wanted to trace
the path and note the speed of electrons moving within the atom. He found
that the only way one can pin-point an electron for observation is by
catching it in a beam of light of very shortest wave length, therefore of
the very highest frequency, therefore, alas, of such violent force as to
Joggle the very electron one is trying to observe, altering both its speed
and its direction. His conclusion, the Heisenberg principle, is that

we shall never be able experimentally to find out precisely what the elec-
trons are doing and will have to be content with a statistical estimate

of probability as to their carryings-on. The presumption is unavoidable
if unacknowledged that there is regularity if we could only detect it.
Scientists have learned to operate with statistical probability since
~that is all they can get, but there is no reason why the universe has

to conform to the limits of scientific informabion. Yebt popular expo-
sitions of Einstein's universe and even articles in the "Scientific Mon-
thly" explicitely assert the capricious irregularity of the universe on
the authority of Heisenberg.

The literary freedom referred to by Mr. Helson might well be applied
to authors of high school textbooks as well as the writers of articles in
scientific journals. Mr. Nelson is obviously very upset by the way new
theories are accepted and the same time, the old theories are still used,
even though they are obsolete in the face of the new theory. He constantly

selects parts of the theory of relativity upon which to.prove his points.
o o - &

Much as it may upset us, we cannot dismiss as merc bogey the dis-
quieting results of the Michelson-Moreley experiment, which proved that
a beam of light travels just as fast with, as it does against or across
the earth's mobion through space. This constancy of the speed of light
is the firm foundation of all relativity theory, but it is a very upset-
ting constancy. £ the speed of light is unaffected by the speed of the
object it takes off from and by the speed of its reciplent, the lignht is
very constant indeed but everything else is bewilderingly inconstant.
Although physicists do not attempt to explain why this is so, and have
not yet shown how light deiies the ground rules, nevertheless they have
been able to obtain greater verifiable accuracy in their calculations

Ibid
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by using this theory than by rejecting it. Without pretending to resolve
these perplexities I should like to reassure the man in the street and to
mitigate the delicious vertigo of the literary relativist by remarking
that neither the light-beam nor the earth are traveling at more thsn one
speed whatever speed that may be., If they were, all bets and calculations
would be off., The relativiby is not_in the speeds themselves but in the
relationship between them ~ somehow,

Then Mr. Nelson comments on the way scientific men write about the
conditions of space tragvel and the many things which may be encountered

if and when space travel is here.

Qur imaginative friends are not content to be earth bound and let
the light-rays do the moving about. They long to launch themselves in
rockets whizzing so fast that their clocks and hearts will lmperceptibly
slow down, thus extending their youth and lives. I have no wish to dis-
pute Einstein's theory on this point; I do, however, protest the careless
rapture with which it is exploited in literary circles and not merely in
limericks about the young lady who set out one day in a relative way and
returned the previous night. On the authoity of Harvard scientists he
assured us that two men, leaving the earth at the same instant in different
rockets might return either one before the other, or (triumphantly) each
before the other. Since the physicist sitbing next to me made no protest
beyond a subdued groan, the argument went unchallenged. How could anyone
be certified insane, or sane for that matter in such a universe? Ue
academics are so conscious of our historic role as enemies of new talent
and new insights that we dare not challenge any folly that comes to us in
the name of novelty. The irresponsibles have us buffaloed.

3Toid
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CHAPTER V
UNCERTAINTIES IN CHEMISTRY

One could hardly point to a chapter heading in a chemistry text,
without bringing up a great number of uncertainties. The very basis of
inorganic chemistry, which we incidently consider to be basic of the
entire chemistry field, includes an elaborabe study of the atom and the
molecule. TYet it is certain (if the word certain is permissible) that
the oxygen atom lcooks no more like the way we draw it structurally, than
the word "horse! looks like the animal for which it stands. It seems
only falr to inform our students that all this time we spend learning
the structural formula of atoms and molecules is not to gelt us acquainted
with how they lock. TWe lmow of course that they do have value in explain-
ing reactions, the formations of compounds, etc.

Of course there are radicals on both sides of The argument. We can
read articles now that there is no such things as "bonding!" in the com-
pounds, and that "lontzation" is mere fentasy. The important thing it
seems, for the student, is to recognize thabt these theories do work most
of the time, that they are very useful, but al the same time they may be
replaced. Dr. Hans Reichenbach, in his book "The Rise of Scientific
Philosophy," is not concerned exclusively with the issues in the theory
of knowledge and argues for the wview that the lars of nature formmlate
merely statistical regularities and express only reilations of 'proba-

pility implication.” Indeed he maintains that the notion of "strict

3k



causality" not only must be abandoned for subatomic processes but even

for macroscopic events it is at best only an idealization or simplification
of what actually occurs. Moreover since the "unobservablie! constituents

of subatomic physics and chemistry allegedly possess fcausally anomalous'
properties, he believes that the notion of '"corporeal subsbence' is not
adequate for describing physical reality in bthis sector of ingquiry. On

the otherhand, he claims that the familiar but not causal wave-particle
interpretation of this reality can be avoided by adopting a new three-
valued logic, which he says must admit "uncertainty! in addition to truth
and falsity ss a possible value for a statement.

Perhaps one area that this idea of uncertainty could be illustrated
to the high school chemistry class, is in the discussion of catalysts.
There are a lot of things we tell students about catalysts or cabalytic
agents. We say they do not initiate the reaction, yet there are isolated
instances where they apparantly do. We say they do not enter into the re-
action, yet in some highly controled organic reactions there was less cat-
alyst at the end of the reaction than at the beginning. This story seems
to indicate many qualities of the catalytic asgent.

A certain Arab had three sons, who at his death wished to divide
his 17 camels among his sons by giving half to the oldest, a third to
the second oldest, and a nineth to the youngest. The situation seemed
impossible until the oldest agreed to add a camel from his own herd to
make the division possible without killing any camels. From the now 18
camels, the oldest received 9, the second 6, and the youngest 2, The
oldest then took hack his "eabalytic agent® and everybody was happy.

There are areas in chemistry which we consider daily, that stop

the experts from even developing ruch theory. Danish Biochemist Kaj
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Ulrik Linderstrom-Lang pays his baffled respects to the proteins, of
which all living obJects are largely made. Living cells, even simple
bacteria, make proteins by the dozens, but human chemists so far have

not synthesized any. The proteins! molecules probably have long central
chains of amino acids. These are coiled like springs, and 21l sorts

of chemical oddments must be attached at precisely the right turns of
spiraling chains. Progress thus far is not impressive, and until chemists
have mastered the proteins! secrets, they cannot understand how much chem-

istry in life really works.



CHAPTER VI
UNCERTAINTIES IN MATHEMATICS

Modern mathematics has given us an entire raft of fantastic things
about which we cen talk and about which we can, for our purpose here Ilist
with the other uncertainties. We hear now that one plus one may equal

one or any other thing we may want it to. We are told that a straight line

[ -

may no longer be the shortest distance between two points. Our impression
of these developments can probably best be expressed by Mr. Nelison again.

If I am asked in the name of science or mathematics to accept these
imaginative decors as sober accounts of the reality I live in, I have the
usuval right to self-protection and may sift the poetic stabements for
truth on my own responsibility. Vhen for example, I am assured by my
acsthetic acquaintarices that a straight line is no longer, under Einstein,
the shortest distance between two points, I have a right to ask them to
point me outv a shorier., The shortest distance between points on a spher-
ical surface is the straight line through the circle, what ever the surface
distance may be. The Riemann surface often used to & inch their argument
turns out to be a mathemabtician's construct with a strictly theoretical
barrier between the points. till more frequently cited is the fact that
light-rays, like everything else in a gravitational field, travel in a
curve. Bubt however sorry one may be for the light having to go around,
it is difficult to see how that alters the distance hetween the points.
Of course, if our literary minds confuse the ungualified with the nego-
tiable distance they can_make the universe out to be as queer as they
like = and they do like.

Of course many of The interesting things that occur in mathemabics
which confuse people and yebt must be simple are age old. For example,
we have been told in our youth, that if a person could cover half the

distance across the room in one step and the remainine half in one step
iy o Py

Lyjorman E. Nelson, "Science and the Irresponsible Imagination"

Yale Review, September 195L, pp 71-88
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and so on, that he would never cross the room. Such arguments as these
ave discussed very beautifully by Mr. Nelson

When Zeno first poinbed out the rift in the universe, life and thought
were less complex. According to his teaching, a tortoise with a head start
on Achilles would always maintain a siight or at least an infinitesimal
lead, since he would always be covering some distance while Achilles was
cabching up to where he had just been., It took mathematicians almost
two thousand years to cateh up with Zeno and solve the problem by the
differential calculus. But in the simple ancient days it was always
comfortingly possible for anyone to pass a tortoise if there was cne
about. Today the man in the sitreet must set out at fantastic speeds
over unimaginable distances 1In several directions at once in order to
detect whebher there is or 1s not a discrepaucy so slight thal even a
tax collector would disrvegard it. In such circumstsnces the man in the
street prudently keeps his mouth shut and waits for the experts to give
him the answer.

Dostoievske was, I believe, the first to announce with calm effron-
tery that whereas two plus two equals four is an interesting proposition,
the proposition two plus two equals five is equally or even more so.

These people have, however, recelved some ap;.arvent support from philos-
ophers. Whitehead stuns the regder with this prcblem: One plus one
equals two, bul suppose they are drops of water. What then? The reader's
sanity, reeling from this blow, may recover itself by reflecting on
Whitehead's valuable distinction between the world of experience and the
gystem of abstract symbols convenient for scientists. 0Of course two

plus two makes four, though that does not explain fusion or fission any
more than the multiplication table accounts for the propagation of the
species.

Dr. Reichenbach in his book "The Rise of Scientific Philosophy"
devotes two chapters to the status of geometry, in which the beliefl that
it is a system of truth thalt is shown. Geometry is s body of truth only
as a branch of deductive mathematics, its asserted statements being then
simply theorems of pure logic possessing no empirical comtent. On the
other hand, geomebry as a branch of physics is a set of contingent state-
ments and can be asserted only on the basis of experimental evidence.
Moreover, the statements of deductive geometry do not refer to anything

in particular, and expressions like "ine!" and "congruent! must first be

27hid
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interpreted in terms of physical configurations and processes before a
geometric statement can be assumed to have factual content. Such inter-
pretations are a species of definition; they are neither true nor false,
but are decisions as to how language is to be used. Failure to recognize
the need for such definitions in this or other branches of inquiry is sbtill
a potent sourch of belief in the synthetic truth.

The fact that mabthematics is no longer the stronghold of intuition

is very well discussed by Dr. Hans Hahn.

We have grown so accustomed to the revolutionary nature of modern
science that any theory which affronts common sense is gpt to be regard-
ed today as half proved by that very fact. In the language of science
and philosophy the word for common sense is intuition ~ it relates to
that which is directly sensed or apprehended. Twentileth-century discover-
ies have dealt harshly with our intuitive beliefs about the physical world.
The one area that is commonly supposed to remain a stronghold of intui-
tion is mathematics., The Pythagorean. theorem is still in pretty good
shapes the self-evident truths of mathematics are in the main still true.
Yet the fact is that even in mabhematics intuition has been taking a
beating, Cornered by paradoxes - logical contradictions - arising fram
old intuitive coneepts, modern mathematicians have been forced to reform
their thinking and to step out on the uncertain footing of radically new
premises.

One of the outstanding events in the banishment of intwition from geo-
metry was the discovery that, in apparent contradiction to what had pre-
viously been accepted as intuitively certain, there are curves that possess
no tangent at any point, or what amounts to the same thing, that it is
possible to imagine a point moving in such a manner that at no instant
does it have a definite velocity. The questions involved here directly
effect the foundations for the differential calculus as developed by
Newbon and Ieibnitz. L

Iest it be supposed that intuvition fails only in the more complex
branches of mathematics, I propose now to examine a failure in the ele~
mentary branches. At the very threshold of gecmetry lies the concept
of the curve; everyone believes that he has an intuitively clear notion
of what a curve is. We say that curves are geometric figures generated
by the motion of z point yet it is not difficult to prove that this curwe
cannot be generated by the motion of a point, for no motion of a point is
conceivable that would carry it through all the points of a wave curve in
a Tinite time.

Repeatedly we have found that in geometric gquestions, even in very
simple and elementary onesg, intuition is a wholly wnreliable guide. And
it is of course impossible to adopt this discredited aid as the basis of
a mathematical discipline. The same reaction occured when the theoxry
that the earth is a sphere was advanced. The hypothesis was widely
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rejected on the grounds that the existence of the antipodes were contrary
to intuition; however, we have got used to the concepbion and today it no
longer occurs bo anyone to pronounce it impossible because it conflicts
with intuition. We can clearly see how concepts whose application is
familiar to us acquire an intuitive status which is denied to those whose
application is unfamiliar. The concept of "weight!" is so much a part of
common experience that almost everyone regards it an intuitive. The
concept "moment of inertia,! however, doos not enter into most people's
activities and is therefore not regarded by them as intuitive; yet among
many experimental physicists and enﬁlneera, who constapt1 work with it,
moment of inertia possesses an intulitive gtatus equal to that generally
accorded the concept of weight.

If the use of multidimensional and non-Fuclidean geometries for the
ordering of our experience continues to prore itself so that we become
mnore and more accustomed to dealing with these logical constructs; if they
penetrabe into the curricuwlum of the schoclsy if we, so to spegk, learn
them at our mothers knee as we now learn three dimensional Fuclidean geo-
metry then it will no longer occur to anyone to say thet these geametries
arve contrary to intuition. They will be considered as deserving of in-
tuitive status as three dimensional Fuclidean geometry is today. TFor it

not true, as Kant urges, that intuition is a pure means oF kmowledge.
Rather it is force of habit rooted in psychological inertia.>

The arguments presented here by Mr, Hahn are much more conforting
than those of Mr. Nelson, whose arguments border on the point of ridicule.
2

Even though each argument may strike our fancy more at one time than ab

3.

another, we must adnit thal each viewpoint seems to have value. For ex-

anple, again giving it to the mathematician is Mr. Nelson:

If ever I am 1ured, quaking, aboard a space ship, it will be on the
promise to take me, not just for a spin and back, but to the well-knowmn
point where parallel lines meet, I have gfown so skeptical of that Ultima
Thule that I should insist on reasching out fram the porthole to touch the
exact spob., Mathematicians have a way of talking abouu infinity as a limit
as a straight line is the 1limit of circularity - just because such limits
are, like the square root of minus one, convenient in their work. The
mathematiclan as such doesn't care two pins whether actual lines actually
meet or not.

3Hans Hahn, "Geometry and Intuition! Scientific American, April 195L

bNomnan E. Nelson, "Science and the Irresponsible Imagination'
Yale Review, September 195k, pp 71-78



CHAPTER VII
CONCLUSION

There has been at attempt in the preceedings pages to develop an
area of motivation, It is not impossible to imagine that these uncer-
tainties could be overworked, so caution must be observed. Not that
they resemble an explosive substance, bub that presenting too many, too
often, to the wrong group, could conceivable motivate in reverse. 4n
attempt has been made to present both sides of the question. Because
we carmot be certvain about everything, and even though more of our old
certitudes are disappearing, does not mean that we camnot be certain about
anything. On therther hand, becauvse we can be certain about some things
does by no means imply that we shall very soon be certain about every-
thing.

The whole of man's experience has demonstrabted that the practical
results required for tomorrow depend essentiglly on the "impracbtical®

y of today. Perhaps everything does not require a scientific

1.

free curiosi
explanation, At the level of sophaomnore science, and almost universally at
the level of genersal public discourse, one explains something by describ-
ing and analyzing it in bterms of more familiar experience. This normally
provides the illusion desired, for we seldom stop bo think that the more
familiar bterms themselves require explanation. When one is talking at a
fundamental level, however, explanation is a very different process.

Familiarity ceases to be so useful, and the main requirement of an expla-

L1
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nation, abt this basic level, are compactness and generality. If you have
a Very compact way of stabting relationships among a wide range of things
and events, then you may say that you have explained them. The explana-
tion need not be, and in fact almost surely is not, understandable in
any ordinary sense. On the contrary, we must adjust ourselves to the
notion that understandebility, in this basic sense, is actually synony-
mous with conpactness and generality and that we camnot ask for more,

Is relativism dangerous for the masses of mankind? ~ Wuld children
be taught certitudes at the beginning and later taught to be uncertain?
Or can they from the beginning be given the shifting answers of relativism?
Iimited absolutism has an snswer. Show them that for some questions
we have answers that are certain and foir others we do not. The omission
of an emphasis on the existence of some certitudes would result in two
evilss a lack of exactness in knowledge and an absence of discipline and
restraint in behavior, two evils which are not uvncommon in the products
of modern education.

Science reveals itself as a natural and integral part of man's whole
1life, an activity which at base, is a blend of logic, intuition, art
and belief, Tt has been refined into an instrument of grest beauty and
precision by the few, but this science of the few is merely the distilla-
tion of the experience of the many. As a natural social activity of man,

science belongs to sll men.
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