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INTRODUCTION

A philosophy of physics is an individual attempt to
comprehend nature. For the individual who formulates a
philosophy, his philosophy tells him the scope and limitations
of physics, the future of physics and the worth of physics.
A philosophy of physics enables 1ts creator to grasp the
happenings in nature. It gives meaning to what would
otherwise be a mass of uncorrelated data and it suggests
future courses of investigation; but for someone other than
its creator, 1t may be entirely meaningless, There 18 no
single philosophy of physics that 1s valuable to all men
at all times,

The individual starts his search for a philosophy of
physics when his sclientific curlosity prompts him to look
behind the sheaves of data which his laboratory work produces.
He looks for a pattern into which these data might fit,
and then he tests the validity of his pattern by further
experiment. As he experiments, the individual guestions.
He asks, "What am I doing?" "What am I looking for?"
"Will my method enable me to formulate laws that describe
the happenings in the universe?" "Is there a 'reality'’
in nature for me to discover?”

At this point in the development of a philosophy of

physics, one 1s tempted to recall the anawers of "authorities”
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Perhaps one remembers the positivistic view that the only
reality 1s relationships between phenomena, and continues
to take readings without a thought of their place in a world
view. Possibly one remembers that Jean's sees the universe
as basically mathematical. Recalling this view, one might
be struck by how well his data "fit into" a certaln mathematical
formula, and he might accept Jean's whole philosophy without
another thought. One might recall that Whitehead belleves
that nature 1s essentially a process and that the real
changes. Upon remembering this view, one might be easily
led to accept all of Wnitehead's philosophy because experimental
results seem to change with every new reading. As we can see,
in the earlier stages of developing an individual philosophy,
1t is extremely easy to accept the philosophy of an "authority"
on very littles evidence.

The indlividual investigator will probably find that no
philosophy seems to answer all his questions. The magnitude
of his questions may make them difficult to answer. The
lmpatient investigator, finding no answer in piilosophy,
may Jjoin some of his colleagues in shunning all philosophies
of physics as metaphysical speculation. However, the patient
investigator who does not find answers in existing modes
of thought and who 1s convinced of his need of a philosophy
of physlcs will attempt to formulate his own philosophy.
This involves deciding where to start, deciding what given
views are valid and looking for contradictions existing in
his thought.

The "where to start" question must, I feel, be given
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an answer by clearing the fleld, There are first two areas
where one should not start. One cannot successfully try

to establlish a philosophy of science with a decision as

to the purpose of science as a basis. Bertrand Russel
discusses the two major purposes of sclence in his book
The Scilentific Outlook. Science is either a method we use
to know more about nature or 1t is a tool we use to control
nature for the betterment or annihilation of mankind.

I will not here delve into the reasons why one or the other
of these views is the better purpose of science from a
moral, aesthetic, or ethical point of view. This type of
gquestion, I feel, cannot be logically or lastingly settled;
nor can a dlscussion of it lead to clearer thinking in the
phllosophy of natural science. It is the type of thing which
is felt, instead of reasoned. The "knowledge for knowledge
sake" purpose is somehow emotionally tied to the idea of
aristocracy; while the "knowledge to change the world"
purpose 1s tled with socialism. I do not wish to decide
which purpose 1s the purpose of sclence, for I do not wish
to deal with a battle of the classea. Either purpose can
act as a prime mover; and with either purpose as a base

one moves or triesto move in the same direction--toward
more knowledge of the physical world.

Another dangerous place to start--that 1s another starting
polnt that does not lead to clearer or more definite thinking
in a philosophy of science--1s trying to decide what we can
hope to find out about the universe before we make our

investigation. "It might be that we have no right to
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suppose that we have any empirical knowledge at all until

we have performed the philosophical task of analyzing

such knowledge."l However as Braithwaite points out, the
philosopher should not doubt the proposition accepted by
common sense, but he should provide analysis and clarification
of them. It, of course, 1s natural to conclude a philosophy
of sclence by pointing out how one's thinking tells what

is useless to pursue as well as what course will be most
fruitful. Pointing out the limitation of our ability to
know 18, however, a very poor starting point from which to
develop & philosophy of science. ILimitations are things

a phllosophy will point out to its followers after it is
fully developed. The idea of stating what can be known
before a complete investigation would seem to be a retarding
force 1n finding out about nature. If an avenue of approach
ls really useless, investigation will show its uselessness
and the investigator will not be left with a feeling of an
unchecked view closed from his search by a dogmatlc statement
that man cannot hope to know the would-be end result of

his investigation. The i1dea of limiting what can be known
can lead to clarity of a low level fact, wkhile making a

high level hypotheslis 1inaccessible. Stating that we can
know ultimate reality can lead to false leaps over facts

~ to nebulous statements which look to & priori reason for

truth. Although one cannot fruitfully start a philosophy

1
R. B. Bralthwalte, Scientific Explanation (Cambridge:
University Press, 1953), p. 5.
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of sclence by stating what he c¢can hope to know, it 1s a human
tendency to want to have some gulde when golng into an unknown
field. Nearly everyone who 1s developing a philosophy of
natural sclence willl, consequently, have a preconcelved
notlion of what he 1s golng to find out about nature, This
notion will affect his actions and thinking more than hls
idea of the purpose of sgclence. Different ideas on this
subject make people believe that knowledge lies in different
directions. An Zddington who believes that we cannot know

a "map of reality" and that knowledge of the universe is
prior to experiment is not likely to spend hours collecting
data. An operationalist who belleves that we can only know
relationships will, on the other hand, spend hours 1n

the laboratory. Silnce our notions of what we can know
affecty our thinking and action, since it is not material

for a starting of a philosophy of sclence, and since we
naturally have preconceived notions, we musttreat these
notions cautliously making sure that they do not override
evidence which negates them.

What then is. the starting point for a philosophy of
sclence? BSince an individual is developing the phllosophy,
he must decides what in the universe he considers basilc.

What 1s the primary entity of nature? Hls answer to this
question will tell him where to start to find out about
nature and when he has gathered his results and formulated
his laws, he can look back and discover the pattern formed
by the laws. His interpretation of this general pattern

wlll be his philosophy of natural sclence. Hls phllosophy
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of physics will tell him what kind of a universe is made

by the basic entities, it will give meaning to concepts

such as space, time, simultaneity and causality, 1t will
also show him ways in which his knowledge of the universe
can be expanded as well as ways in which he is limited.
Northrop has named theories of nature by the entity that the
theory considers basic.

Northrop says that a philosopher of natural science
adopts a physical theory of nature if he considers matter
and motion as basiec, he adopts a mathematical theory if
he considers form as basic, and he adopts a functional
theory if he conslders the event as basic. The phillosophy of
8clence which 1s derived from & process which begins wilth
deciding what 1s basic will undoubtedly develop more quickly,
more clearly and more satisfyingly than other phllosophles,
This 1s because this process naturally starts with the most
elementary facts and works toward the more complicated ideas,
because it lends itself to logical development, because 1t
uses a minimum of preconcelved notlons and emotionally
tinged dogmas and because by using this process, which
involves step by step thinking and action, one can tell
when he "is getting nowhere". I shall use Northrop's
division of theories of nature into physical, mathematical
and functional becauss, though somewhat arbltrary, it points
out the three entirely different entities which can be
considered basic and because 1t shows clearly how terms
such as wave, particle, time and causality can have different

meanings in different contexts.
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It must be remembered that the following discussion of
theories of nature 1s not a complete dlscussion of philosophies
of nature. I have called these theories of nature, processes
instead of philosophies because they present step by step
ways of finding out about nature. To start the process,
one must choose somewhat blindly and intultively his fundamental
entity, he must then see what. laws can be derived from
consgldering this particluar entity to be basic. If following
this process falls to answer his guestions about the universe
and to explain known facts, he can go through the same type
of process whlle considering something else as basic. In
this paper the three process which eventually emerge &s
the physical, the mathematical and the functional theory
are traced by historically defining the three theories.

The next task on the way to forming a philosophy of
science 1s to decide which of these theorlies--if any--
glves a convincing view of the universe. Does one of
these theorles explain known facts, give a loglcally satisfying
synthesls of knowledge and leave room for further development?
It i1s not until an indivlidual finds a theory that can answer
affirmatively to these questions that he can really start
forminé a philosophy of sclence; for it is not until this
time that he has evidence to support his cholce of a basic
entity in nature. Moreover, when he has found the correct
theory of nature 1n his opinion, he can use 1t as the foundation
and superstructure of his philosophy of physics.

We willl here treat a theory of nature as a specific

logical process brought into being by induction whose deductive
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results can be confirmed as logical or illogical, fruitful

or unfrultful by a group of logical rational persons who accept
1ts basic premlise. We wlll treat a philosophy of science

as an individual 1dea which is developed by looking over

the particular theory or group of theories of nature which

the 1ndividual accepts, seeing its limitations, 1ts conseguences
and 1ts full meaning. The individual philosophies of physics
that we will examlne may not begin with a dscision as to

the correct theory of nature and they may use the theories

of nature only in a minor way. These philosophies may even

be developed from the dangerous starting point of defining
science or from the equally dangerous starting point of
examining the "how" and "why" of human knowledge of physical
phenomena., However each philosophy makes some use of the
theories of nature; therefore these theories must be understood
before one can discuss the phllosophies conmnected with them.
Since the theoriles of nature are something upon which

some agreement can be reached and which fit into a logical
presentation, they willl be discussed in detail. Certain
individual philosophies will be presented in order to reveal
thelr connectlon with theories of nature. The diversity

of the philosophies of physics which will be presented will
indicate that an honest synthesis of philosophies 1s lmpossible

and that these philosophies have a truly individual character.



PART I

THEORIES OF NATURE



CHAFTER 1

=

THZ PHYSICAL THECRY of NATUR

[ )

=n Historical Definition of the FPhysical Th=or
5

& physical theory takss matter ani motion to bs the

ultimate =zlem=ents of reality and states all natural laws

Q

in terms of thsse elsmsnts. The significance of the physical

V]

theory of naturs can, I fesl, bs best grasped with the aid
3 =

W

of an historical definition. This manner of definings a
theory of nature rsveals the important fact that ths induction

essential to th=s crsation of a theory of naturs is not allowsi

a

to occupy men's minis for long befors the deduction essential
to checkling a thesory is ths center of thought. Ths-lesvelopment
of a theory of nature i1s made possible by the fact that
induction andi deduction are both at work all the tims., A
systematic dsductives framework appears only when ons visws

in retrospzct the history of a thecry. The crdsred dsductivs
system, wnich is a sclentific thsory as proposed bty EBraithwaits,
attempts to explain lowsst-lsvsl propositions, which ars

observavls facts, by dsducinz them from mors gensral hypothesss

&t one or mora higher lsvals.l After historically sxamining

1
R. B. Braithwaite, 3
University Press, 1953), p. IX.
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gensrallizations concerning cobssrvables, such as the rate

at which an apple falls to sarth, or the wavelengths of

the spesctral linss of hydrogen. As this historical definition
will show, cbssrvable phenomsnz come to man's attention

before man develops the logically prior high-level hypotheses.

As sarly as 640 B.C. the Greek atomists developed &

ct

type of physical theory. The atomists, by considering

-

stuff and change to be fundamsntal in nature, captured the

2ssence of all physical theories. Dsmoeritus (C. 400 B.C.)
"

wrote, ". . . only the atoms ani the void are rsal.”"~

Physical theory, howevasr, 3id not dominate Gresk thought.

)

The Greek proponsnts of the "stuff and change" theory were
working under a handicap because a physical theory gets its
strength from quaAtitative experimental facts, and since

the Greeks lgnored sxperimental data, the theory of the atomlsats

had to remain what Zinstein calls an "ingenious figment of

the imagination."
et the appesal of a theory that allows man to deal with
8imple, 4 ete particles instead of with a complsx continuum

is strong. Partly for this reason, physical thsocries and

thelr offsprings appear freguently in the history of saciencs.

-
-

Albert Einstein and 1. Infield, The dvolution of
‘nysics (New York: Simon and 3Schuster, 19385 56,
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Horthreop says of & physlcal theory, "3ince its fzcts ars

Ly

obvious =xtensivs characteristics of o

0ssess a universality which findings of the t=chniecal

W
w

e,
[
4]

clences cannot enjoy, we must vsct this thesory to posssess

w

& certainty ani & lasting guality which none of its rivals
can agual,"”

Whethsr the fascts of a physical thsory ars obvious or

Jov even -“su\f(.nl

universal may well dspend upon how far ons has come along
the trail that leads to an understanding of natural laws.
Wnat is rsal ani cbvious for the teginner is often & sub-
stancsless apparition to the expert and converssly. In
iiscussing various theoriss of nature, one must avoid ths
maze of spistemology. Hew on2 Imows--to the extent thzat it
is iaportant--is given in the prccess of tracing different
theoriss that show how men havs known. What is r=sal ani what
is apparent changss not only with changling thesories of nature,
but also with changing sp=sclss of the same theory. A dis-
cussion of theoriss of nature nezdi only make plaln appsarance
and r=ality within a given theory.

The important featurs of & physical theory of nature
in terms of the pr=vious discussion 1s that on ths lowsst,
or beginning level of investigation, it dces sesm to be th
covious theory. If we are meditative invecztigators, as were
ths atomists, ws begin by viewing the world around us., The

tress, the rocks, ani other psople are rszl ani obvious

5
F. 3. C. Northrop, Science and First Erinciples
(New York: Tﬁe Macmillan Company, 1951), p. 1l.
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"7

on this lsvel. We do not concsive a rock to be bits of
energy or a fizld of wavss. On this sams isvel ws are
awars that some thinzs are moving ani some things are still.
Being of a meditative nature we sit and think. If'we ars
ssarching for rscurring pattsrns of rsality, we can not
aimlt that svery object in ths universe is a fundamsntal
part of nature nor can w= aimit that the various kinis of
motion are fundamental; but we can say that matter and motion
arz funiamsntal. As can be inferrsd from ths above, a physical
thsory wouli bes obvious on this lsvsl for the meditator.

If w2 were empirical invesstigators, we would begin
our attempts to unierstani nature with somsthing nsar-at-
hani as iid the m=silitators; but w2 woull not bs satisiied

1

with a vazus ani qualitativs desscription. The rocks, the
tre=s, ani ths motion of a bird woull still bs r=zl for us.
Although w2 would b2llsvs that matter and motlion wers some-
how basic, we would want to know--if ws ware a Gal®ileo
or & Newton--how much matter producss how much motion.
42 would dssirs guantitative knowlsdgs of interactions
in naturs,

Fushing btlocks of diffsrent sizss and dropping stonss
out of towers would give ths empirical investigator guanti-

o

tative knowlesigs ani would bscoms, for him, important

—
4

sxperimsnts. Zven thougn the =umplilrical invsstizator has

prozressel to quantitativse study, hs is still on ths bezin-
ning level whers tns facts of a physical theocry ars obvious

and m=2aningful in light of hizs 3iilscoveriss. Matter and

motion are s3till basie.
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The first person to use a physical thecry of naturs
suppertei by esxperiment was Gallilso. 3Since ths natural
support of a physical thsory wouli be experirent, it 1is
not surprising that Galilso, the ssarcher for =mpirical
knowlsdge, was instrumsntal in bringing about & twe hundred
year rsizn of physical theory. 3cience comprising sxperiment
and theory rsz2lly began to function with Galilso.

Gallileo in his time seesmed to bes a philoscphical
revolutionist. Although hs was rsturning to what Horthrop
calls the first principlss of & physical thesory, his con-
temporarizs saw him as a man dsfying the oll sstaplished
Flatonic and aristotelian scisnce, in orisr to presant
new l1desas of naturs, After centuriss of ths form-stressing
theoriss of rFlato and nis followers, and after ths miiils
ages when smphasis was put on Aristotls's functional thsory,
Galllso appsarsd in the sarly ssvsatesnth century to proclaim

that forces and mass not being or becoming were funiamental.

v

This return to a physical theory was Inde=d a sharp change
in thought.

Galileso afi=zctel nhis worli greatly not b=causs ne as
a pnysleist proposei a physical theory insteali of a functional

theory, but rather bs=causs his propcsals contradictsd

o)

ct

Aristotls's functional thsory which was tisi strongly
the tensts of the Catholic Church. Pnaysical theoriss are
not suitable for an authoritarian system such as that of

the Church, beczuss with one sxperimsnt all prsvious baliefs

can be invalidated. No fixed system of truth can bs sstablishnse

d
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unier first principl=ss that make =xperizent with the physical
worli the court in which ideas are tried. As Northrop says,
"ths methnods of scisnce have no rsspset for tradition."”
By contrailcting ths prsviously sstablishsi functional thesory,
Galileo was aivocating a system that couli bs us2i to unisr-
mine ths authority of ths Church.

The vagues Greck idsa of matter bacams, in the hanis
of Galileo and his followers, ths definits guantitative
1dza of mass. The Greek ildea of motion mstamorphoszi into
the Galllesan ii=a of acceleration. Then camz the iiea of
fores, Galilso discover=zi ths concapt of forcs and Newton
presentad it prscisely.5 The concept of force followed
th2 conespt of metion because invsstigators went beyond

noting that an objset movsld when pushsi or droppnei, and

asked themselves what makes an objsct move in just a certain
mannsr. Galilsc conecsivei force to b2 that which prodiucss
a time rate of change of veloecity. The concept of force
as w2 know it was born with Galilso's =xpsrimsents.

Galil2o brouzht scisnce down to =arth and made 1t of
practlical uss. Instead of caslculating planstary massss
and patns, Galileo dscid=d to find out what determined ths
final vsloecity of an insignificant sarthly objsct which

he dropped from & heizht. The final valocity obvicusly

Ibid., P. J1.

5
Zinstein and Inf#=14, ». 9.
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dspend=d on the objzct's weight, its distance from the

ground and ths time of fall, but which of these dstermined

the object's terminal velocity? The imaze of Galil=o dropping
objects of different weights from the tower of Pisa floats

down through history unconnect=i with his purpcss. Galile

= |

1

-

TAr
=)

w

v wished to find out if the final vslocity of a massive

i-

ob )¢

w

ct was preoportional to its weight. The weights landed
at the same time. If ons had been going faster than the
other, it would have resachsd the groundi soonsr. Final
veloelity was, therefore, not proportional to mass. Galileo
313 not depend entirely on experiments for his momentous
discoveries. He was greatly aided by his intuitive genilus,
as evidenczd by the fact that he had no certain sxperimsntal
svidences for deciding thet ths velocity of the dropped
object 4id not depeni on the iistance. H=2, however, d=clded
corractly that the final wslocity was proportional to the
time of fall, and was l=zd1 to his famous experiment with

an inclined plane. With this sxperimesnt hs sstablished

th2 relationship between distances and time that was sssential
to a belief that the final velocity dspends on time of fall.
If a plane is inclined, it is capabls of producing an
acceleration, and therefore, a change in velocity with

time. It 1s evident that the time it takss thes ball to

roll down the inclinsd planes determinss its final valocity.
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Becaus2 of Galilso's work ths concept of time bacame

important.® Fores, ons of ths

s}
(]

undamental aspects of nature,
according to Galileo's physical thsory, was known to produce
not vesleecity, but & rate of change of velccity. Galilso's
weork with the inaclin=zd plane forehaiows Newton's first law
of motion, which =2abodiss the principle cf insrtia. With
the aid of considerabls insight it was seen that if the

plane 1is horizontal no accsleration is present ani a body
that ceases to b2 pushed will not stop moving; it will stop
changing 1tis rate of motion. It will continue to move in

a straight line 1f nc friction is present. As Newton later

stated:

Zvery body continues in a state of reat or in uniform
motion in a straignt lins unless act=d on by some force.

k3

ne phaysical theory of nature galned mors support as
time moved on. Its meaning was sxtended by the men who
supported and used 1it, and th2 legical implications of its

~

ma jor premis=ss wers furthsr sxulorsi. Newton, born in 1542

W

[0}

(the year Galilso disi), developed a systematic statement of
mschanics and 2stablishsd the validity of the physlczl

-at-hani.

3

theory in ths far-away as well as in the nesa
Combining Galilso's ideas with thes rssults of his own =sxpsri-

ments, he was able to aid a s=scond and a third law of motion

5

Northrop, in discussing this 1dea in hls Sciencs and
First Principlesa, gusstions the slemental naturs of the
conczpt of time. He says that since the concept of time
113 not arise until aftar technical scicnce founded on a
physical theory of nature was dsveloped, time must find its
basis in matter and motion. Tims would then not be basic.




to hls previously stated first law. The sscond law of motion

o

stated that the time ratzs of change of momsntum of a bedy

is proportional to the resultant foree acting on tha boiy.
This was leter interpret=d as stating that force sguals
mass timss acea2leration.

Th2 sscond law of wmotion is implisd by Galileo's work.
AS we haves ss2n, forcs was known ‘to prolucs acceleration.
Newton added & clsar statement of the condition by observing
that feore2 squals masas times aceslaration. he third law
stated that to 2very force acting on onz boiy thers i3 an
2qual and opuoaite force acting on anothar body. We have
izrived from ths law the law of consarvation of momentum.
Momentum 1s the product of mass times velocity.

Xewton's principel contri

-

oution to the strzagth of the
paysical theory is that his systematic desvelopment cf mechanics,
a science which 1s based on pnysicsl thsory with force anid
mass as fundamsental, proved so satisfactory in explaining
the motlon ani prsdicting futurs positions of both terrestrisl
anld celesstial bodics that it ssrveld for over twe centuries
as the pravailing theory of naturs.

Newton showed that the law of naturs that applizd in

the case of an apple falling to sarth was the same law that

0]

applisd in tk

®
[y

case of the moon felling towari ths sarth

as 1t revolves about thes earth. This he c¢all=ad the universal
law of gravitation, it states that the forc:s which =xists
bztween two bodiss 13 egual to a constant timss the proiuct

of the massss dlvided by the distance bestween the bodies

-
o
w

here still rsmainsd a problsm for ths geni
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of N=wton to solve. In Neswton's stztement of the law of

N

gsravitation, thes masses ars considersi to be particles;
nowaver, th2 sarth in relation tec a falllng apple is harily
a partiela. Whers, then, couli ths mass of the =arth be

said to bs acting. Teo fini ths appropriate 4

=

stance batween
the appls and ths sarth Newton is saii te have invented
ths calculus.7

With the formulation of ths law of gravitation, the

physlcal theory was at the height of its glory. One only

~

nesdsd tc inow the straight lins distancs bstwesn two
bodizs and their mass in ordsr to know the fores acting

between them. Galileo's work t=lls us that force is the
only thing that can aff=ct the future path of a body.
Knowing ths forces acting on boiiles ani th2ir present position,
ons could pradict the path of ths body, and thereby preiict
a Tuture state of nature. Tae mystery of naturs sssmed to
2 solved. Could not man assumes that hs knsw ths workings
of nature if he could predict ths future stats of obj=cts
on sarth ani 1n thes heavens?
The astonishing success of classical mechanics suggests
that the mechaniczl visw can be conslistently applied
to all branches cf physics, that all phenomena can be
eXplain=d by the actlon of forces rspressnting sither

atiraction or repulsion, dsp2niing only upgn distance
anl acting bstween unchangeable particlses.

7
Reginald Jd. Stephenson, Mechanlics and Propsrties
of Matter (3rd od.; New York: John Wiley & 3ons, 1958), p. 84.
8
Zinstein ani Infield, p. 67.
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At this point the physical thsory's link with dsterminisa,
one of its chief features, is brought forward. It follows
lozically from the &3sumption that ths funiemsntal entitiss

of nature are mattsr and motion, that if ons knew the forces

»

3

W
w®

acting on th 1tities and thsir dirsction of motion, one
would have vital knowledge of the workings of nzture. This
knowledge gives one the ability to t2ll what has happened
anl to predict--or dstermine--what will happen. Tae
historical link between determinism ani the physical theory
may have its foundation in the fact that the physical theory
allowa man to think in terms of finits l1iscontinuities.

The haniling of discretes manageable items may give man a
sense of baing able tc contrel andi to predict ths action

of these finit= units; and thsreby, the action of the
universe that they composs.

It may be the success of the physical thesory, in the
form of classical mechanies as prssented by Newton, in sxplain-
ing natural phenomena teo a first approximstion that made so
many nineteenth csntury physlicists rsluctant to glve up
clasaicel mechanlica sven when the fie2ld thsory of Maxwell
brought optical and elsctrical phsnomena together so beauti-
fully. These same physicists clung to the ether as a frame
of reference for elesciromagnetic disturbances long after
the ether became a futile coneest. "Classical scisnce
assum=d that those manifestations we call elsctriclty,

magnetism and lizght were nothing but strains in an imponderablse



experiment. When 1t takes thes authoritarian form in which

it appeared freguently in the ninsteanth century, there

is 2very rseson to bellisve it will sirsy away from the

road that leads to meaningful discoveries. FPoincare in
discussing the place of empirical svidence and generalizations
proviisd a key to thes error of his ninstesnth century
predsc23sors who put toc 1littles stress on empirical evidence
&s well as to ths srrors of those who stress empiriczl svidsnc
bsyond the point whers it is valuabls.

"Zxperiment is th2 sols scurce of truth. It alons
can teach us somesthing new, 1t alone can give us
certainty . . . (but) it is not sufficient merely to
observe; we must use our observations andi for that
purpose we must generalize. Thls is what has always
besn done, only as the recollections of past errors
hes made man more and more circumspect, hes has observed
more and more and generalized less ani lesss, Every
age has scoffed at its predecessor accusing it of
havinF generalized too boldly and too naively. . .
Cen not ws be content with experiment alone? Ho,
that is impossible; that would bes 2 complate mis-
understanding of the true character of secisnce. . .
Science is built up of facts, as a houss is buillt of
stones; but an accumulation of facts is no 8or= a
science than a heap of stones 1s a houss

Experimsnt and generallization are both cruelal to scientific

Q
‘& - -
A, 4d'Abro, The Evolution of Scientific Thought (24 =i.;
New York: Dovsr Publications, inc., 1G4C), p. 115.

»
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b}

progress. We shall see that some nineteenth century physlcists

anerelization and i

century, we do not have epnough valid generalizations.

The success of Newtonian mechanlics may also be the reason

that the physical theory was kspt in more cr less statice
form from Wswton to Zinstein. In many ways Zinstein's
relativity theory 1is ﬁha ultimate physical tasory. HNorthrop
raphically dsseribes the ways in which the relativity 1is

a physical theory. Einsteln, however, goss beyond the

physical theory as presented by classical mechanlecs and

in decing so r=niers usseless such concspts a8 its sther,
Elnstein can be rspresented as ths man who put the physiceal
theory of nature back on the right tracks,

In The Eveolution of Physics, by ZEinstein ani Infield,
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Wa remsmber that the forces of gravitation, slectrostatics
and magnetism, obeying the laws of Newton and Coulomb,

act slong the line jJjoining the two attracting or repslliing
i

visw thes fisld of optics.

A sscond trouble for thz mechanical view came in opties.
The natural thing to assums under a physical thsory is that
light consists of hard 1little balls travelling in straigzht
linss and causing & sensatlon on the retina. An =2xplanation
of refraction, reflsction and color can be made in terms of

& corpuscular theory by adding ad hoc hypotheses; but the

8fined sxperiments that showsd diffrzetion of lisght

B

o

round opagus obstacles seriously impairei ths corpuscular
theory of light. The fact that Young and others showed
ht doss not disprove ths corpuscular

ly that supporterz cf ths corpuscular

3

theory; it requires or
theory weight their theory down by adling new substances

and 1deas. To discover the theory that most nsarly explains
the workings of nature, one must discover the thsory which

from its baslc assumptions can clearly and logleally #xplain

& phsnomsnon without the addition of undue ai hoc hypothesss.

Einsteln points out that the first psrsons to discardi ths
corpuscular theory of light formed a type of wavs thsory.

Th=s wave theories that came dirsctly after Neswton wers still

physical thsories bzcause the wavss of thess thsoriss were
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sesn as spreading

-~

in a medium which, though imponierable,

=y

behaved like & physical soclid. The theorises of light

did not jump immediately from 1deas of light as hard spheres
to 1dsas of light as a substancelsss 2lectromagnetic wave,
It took a long time for physicists to change their first
principles from the physical thsory as presented by Newton
to the formal thsory as pressented by Maxwell. Even after
the change things were not ssttled.l?

Returning to thes problesm of Oersted's pole lying in
the same plane as and inside of a loop of wirs, Einstein
shows how the mschanical explanstion rsally began to give
way to the formal field thesory. The fact that the pole
moved perpendicular to the plans of the loop when a current
wa3 passing can bz explained readily by assuming that the

moving charges cause & field around the wire. The lines

v

of force of the field encircle ths wir:

(

at svery point
causing as a total sffect a force perpendicular to ths loocp
of wlre. This force acts in the plane of the magnet.

This diagram appears in Zinstein's sxplanation and explains

12
The corpuscular theory of light was not dead., Einstein

himself gave further validity to the corpuscular theory by
presenting the photoelectric effect. Einstein received the
Nobel prize for his work with the photoelesctric =ffect.
Although 1t was now esnergy or photons that was in bundles,
the bundles of the corpuscular theory reappesared. Maybe a
physical theory with energy and motion as fundamental is
here replacing a physical theory with matter and motion
as fundamsntal. This however takes us too far afield.



Fi,..'l -Forces avoumd a corvent (qpe 5.‘-’ wire . (After
Ein ’*G?t\ And l'..fe ") TlpeEvo'c“';qu a‘ P‘Lf"c; s e. ‘3’_)

Slectrodynamics connscted with a current carrying

~

wire
causad still more problems for the physical-theory-bassd
classical mechanies. A movable magnet with a movable cleosad
circuit was used to reveal one of thess problsms. D'Abro
states the results of moving first the magnet then the

closed circuit, "Thus whether we displacs a magnet befor

]

a closed circult or ths closed circult before the magnet,

the current induced in the wire 1s exactly the same in either
case, so far as experiment can istect."13 That which appears
relevant 1s the relative motion betwesn magnet and circuit.
One can sse that anything that affects the concepts of

motlon greatly affects the physical theory, since one cof

the fundamentals of the physical thecry is motion., Newton
realized that rslative motion exists in mschanics; but some-

how thé physicists who came after him 4id not bslisve relativ

(U]

a4

motion appliei teo elsctiromagnstic and optical experiment.

Clessical science assumed that motion in these cases implied

currents wers causai by elsctrons going through ether.l%

XD
i'Abro, pp. 143-124,

14
This may be evidence of the corruption of a sound
physical theory by persons who adopted the word but not the
spirit of Newton.



When the above mentioned I
eircuit through the supposed ether,

velocities of magnet and
which of course are different in both cases, seemed to be

irrelevant, classical sclence was in & bad position.

Confronted with these elsctrodynamical problems,
ncept was meaningless.

n
-~

@]

sthar

Einstein decided that ths
D'Abro thinks that Einstein felt this way; "Would it not
be simpler to adopt a mores cautious attituds, dsriving knowledgs

from 2xperiment rather than trying toc reconcile experiment

with a seriss of a priori bveliafs which for all we know
With the =ther eliminated

might be totally erronsous?"15
thers is no absolute velocity; all velocitiss are rslative.

2
=

tsin's spscial theory makss use of the idea of
ature

Zins
In this th=sory, th

relative veloclities.

remain invariant whatever the velccity of

compensate for changes in time, length, and mass caused by
IT the

velocity 1s to change

3

high veloclitles, transformations ars employed.
1s the work of ths

time cocrdinat=es in a

laws are to be invariant ani if the
the space time coordinates, then it

transformations to change the space

manner that will allow the laws of naturs to be invariant
The velocity of light is

for any velocity of ths frame.
These nezded transformations were

taken to bs constant.
iiscover=d by Lorantz bsfore ths special theory of relativity
but for ZEinstesin ths "¢" that snters into

was developed;

15
i'dbro, p. 145
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Lor:ntz's transformations meant rslative vslocity of frames
not vsloecitiss through sther.

From Cersted's and Faraday's experiments Maxwsll

(0]

lzrived mathematlical esquations that gave the structure of
what he callsd an electromagnetic field and which solved
many of thes 2l=sctroiynamical problems. The fiesld represents

snergy ani exists because a time rate of changs of the

~

Ea

a2lesctric fi21d produces a space rats of change in the magnetic
field and visa-versa. Thess changes sapreal ocut in space

and produce a wave travelling at a certain velocity. This
wave does not require an sther., It travasls through empty
space. Maxwell's equations are limitsd in that they describe
only thes structurs of an elesctromagnetic fiz=ld at any point
in spucs at any instant. Maxwell's field squations ars

further limited in that they very probably br2ak dcwn for

very great concentrations of

(Y

nergy.

From the preceding discussion, one can se= that there
is a dirsct connection betwezsn the difficulties that appeared
in elesctrodynamics in the latter part of the anineteenth
century and the advent of ths field theory. There is also
& connsction bstween the development of the field theory and
Zinstein's specizal théory of ralativity. Zinstein says, "the
theory of rslativity arises from the fi=ld problams. The
conirsdictlons and inconsisteneies of ths oll thsoriess

forcs us teo ascribe new oropsrtiss to the tims-space



continuum to the scene of all events in our physical
world,"15

v
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the physical thsory as presentsd in classical mechanics and

why he thought this dsparturs was nscsssary. Einstein's

theory of relativity has been glvéen a connsction with the
heory and formalism; ons might wonder why the relativity
theory 1s discussed in a presentation of the dsvelopment of

the physical thsory. To unierstani Zinstein's placs in this

o
s
[#7]
o
c
@
w
-
(@]
a
O
=
(0
=]
=
1]
ch
=
()
o
=
H
N
(]
ct
=
o
ct
[
=
=
(65}
ct
0]
[N
&
:
[AR
(7]
b
Q
r 5
]
l,_h
a

(2
fu
cr
2

time when there was great confusion in physies. Classical
m3chanics was crumbling ani hed in many ways lost touch

with its pihysical founldations. No feormal--mathematical--
theory, nct sven Maxwsll's sguations, szplainsi snough
experimental facts or was well enough dsveloped to be generally
accepted as a basic theory of nature. Functional theories

wers talked of, but did not greatly influsnce the world of

the physicist. OConfusion arises if we try to think of Einstein
as carrying on frcm socme prsvious point in physiecal or
mathematical th2ory. Einstein's chief service to sciencs
was that h2 4id not try to support ons idsa. He attempted
to wlpe the board clean and to start all over. No one

¢35 he has besen taught

i
i1 for golng back to

in the past; but Zinstein had a skl
basic simple conecspis. Hes used all available knowledge as
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# tool to get him to a point where he could explain svaents
as natural consegusncess of his ma jor premises without ad
hoc hypotheses. He was a great synthesizer. He used both
physical and formal concepts., It 1s only in retrospect that
his general thesory of relativity appears as the ultimate
physical theory.

Einstein noted that the velocity of light in empty
Bpace must have a standard value independent of the motion
of the source or the resceiver of light and that in two
coordinatate systems moving uniformly, relative to one
another all laws of nature are ths same and one has no
way of determining absolute uniform motion. These principles
both had much experimental confirmation and no sxperimental
contradiction, but they contraiictsi each other. Ons depended

on a veloclity being absolute and the other dspsended on all

o

velocities being relative. Eilnstein saw that the only thing

to do in this dilemma was to guestion the principle that

made these two principlss contralict sach other. This

culprit principle was the doctrine of the addition and
subtraction of velocitles based on the idea that time is
absolute. Time must be regarded as relative. The discovery

of the relativity of time l=d Einstein to the discovery of

the relativity of simultanelitipm. This i1s ths essential
contribution of the special theory of relativity. The
principle of relativity of simultaneity may bes bris=fly
desceribed in this manner: an event that happens simultaneously
with another avent in the eyes of an observer in one coordinate

system, will not happen simultaneously for an observser whose
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coordinate system is moving at a different valocity.17
Northrop notes that Einstein 1llustrates the principle
of rslativity of simultaneity in terms of physical objects.
Elnsteln states that two lightning bolts striking railroad
tracks two milss apart will cause flashes. The only spot
where these two spatlally separated flashes will sesem to
occur at sxactly the same time is at a spot eguidistant from
the two flashes. Light travels at a constant speed and only
when it has equal distances to travsl will it indicate equal
times of travel. Throughout Einstein's discussions of his
special and general theory he gives examples of his concepts
in terms of physical objescts. All the relativity in Einstein's
theories is defined in terms of clocks and rods. All of
these are physical objects. Even the events of the relativity
theory are given in physical terms. This is one factor that
gives the relativity theory a places as a physical theory
and a place in our historical definition of the physical
theory. However, there 1s a much mors basic reason why
the special and general theories of relativity are physical
theories. E=instein's general theory of relativity by making
the laws of nature valid for any coordinate system--accelerated
or not--succeedesd in making matter and motion fundamsnteal,
The baslic tensor equation of the general thsory of relativity
is the form of the laws of motion of physical objects in

this universe which remains constant through all different

17
This concept will be dealt with at great length later
in ths paper.
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rzlative gravitational and geomstrical isscriptions.

This equation "designatss how the absolute motion of a

given mass 1s controlled by its absolute rslation to the

rest of matter."1& 1o clarify the conmnsction between making
geometrical and gravitational descriptions relative and

making matter and motion fundamental, the following discussion
18 required.

The spacial thsory of relativity is a search for an
absolute that ends with giving space-tims an absolute
appsaranc2. Howsver, space-time has & sst form with the
rigidity of a gzeometry as did the absolute space of Newton.
The form of space-time introduces a prejudiced outlook in
that only the nature which fits into these forms can be
comprshended. Something was needed that would not impose
any form on nature and that would make the laws of nature
valld for any coordinate system, whatever its veloecity
or sccsleration.1® "3cisnes wents its laws in sueh a form
that thsy refer to nature itself and not to an arbitrarily
chosen relation of nature to a reference body."20

Different velocities, as the special theory of relativity
pointed out, give coordinate systems different metrics.

If no change is made, the laws of nature are differsnt for

18
Northrop, p. S1.

19
An accelerated system was not handled by the special
theory. If a system wers acceleratesd, the laws of nature
would not be invarilant according to the spscial thsory.

20
Nerthrop, p. 77.
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different velocitiss. The special theory negates the effect
of changing velocities by employing laws of transformation
that allow the laws of naturs to remain invariant whatsver
the metrics.

Diffsrent accelerations or iifferent gravitational
potentials that caus2 Jiffersnt accelerations must also
lose their power to maks ths laws of naturs different fer
iifferent systems if w2 ars tec havs absoluts laws of nature,
£instelin supplied ths theory that was needed in order to
make the laws of nature apply to accelerated systems.
His gensral thsory of relativity dsvelopsd an eguation

2 e " - B
(G -1/2 g G=T )“1 which made the laws of naturs
ik ik ik

invariant through all changes in gravitational and metrical
dzscriptions. This equation meant that gravitational fields
and geomstries could bs brougnt into or put out of existencs
by a suitable change in varliables. Bpace-time is relative
bscause 1ts metrical propertiss changs with a shift from

one object to another &s a r=ference cor with a shift in the
distribution of matter. A changes in the distribution of
matter changes the gravitational potsntials and the metrics

and acts as a primes mover. With the abovs tensor equation

21
If one thinks of this eguation as
curvature of space, then g gLvas the
ik
which are known as the gravitational potentials, G glves
ik
the ten different radiil of curvature at each point and T
ik
depends on densities, veloclitlies and other properties of
the gravitational fisld produced by ponilerable masses,

determining thse
ten different numbers
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in effzsct, the only thing that r=mained absoluts was matter
ani 1ts motion. The absolute motion of mattsr is controllsd

by its absolute relation to ihs r=

m

t of matter in the universs
and 1s rsveal=d by ths tensor =guation of the gensral thsory
of relativity. Th=s gensral thsory i1s in this sanss the
ultimate physical thsory.

The

e}

art thes physical theory played in physics after
the development of the general theory of relativity is not
¢lesar cut and 3efinits. Dsaling with this psriod of the
hlstory of physicecs may, therafors, not aii as much to a
historical dsfinition of the physical theory as havs the
liscussions of other periols. The modern =ra, however
has not yet endesd, and it may Just bs its incomplethess
that makss modern ideas seem a somewhat shaky basls for
iafinition.

The first half cof the twsntlsth century brings with
it thes guantum theory and wavs meschanles. Many of the problems
wnlch thess toples raveal have not yet besn 3so0lvsd and,

perhaps, we have not 2ven asked the propsr gusstions.

But sincs th2 pnysical theory 1s one of ths basic ways in
which mean looks at naturs, physical thsory plays & part
in twenti=sth century physics.

auantum mechanlcs as 23tablishesi by Bohr was dsfinitely
a physical thsory. Beafores Bohr, Planck postulatei ths idea

that black bodies radlated snergy in little bundlaes.

Zinstel

1, Plancik's coantsmporary, aftsr sxamining th2 photo-

glectric sffsct decided that bundles of light energy cause

slsctrons to be knocked off & photozlzctric surfacs.
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Ruthsrford, by scattering alpha particlss, caus=1 svents
that led him to belisvs that the charge and mass of an
atom was concantrated at ons placs.

Bohnr synthesized the ideas of Planck, Zinstzin and

Autherfcrd ani propos2i a2 nsw mechanics bassi on nis cone

of thes chemical atom. The fzect that Bohr's atom with its

nuclaus surrounizd by elsectrons in csrtain orbits could

2pt

be represented by a physical model in which & comparatively

large mass waa surrounded by small spheres travelling in csartain

orbits indicates that Bohr was thinking in terms of a

physical thsory. His slectrcns couli only go in csrtain

iy

orbits and could only emit csrtain bundlss o

they jump=d from on2 orbit tc ancthsr. Thsas

[{7]

concepts are in keeping with the basic liscontinuity associated

with a physical theory.

Bohr's thsory of the atom did not work for 2lsments

with large atomlc numbers. It did not =xplain fine splitting

of spsctral lines; thersfore, Bonr's thzory bsgan to crumble.

This situation 1s explained by B. Hoffmen in Ths Stransze

Story of ths juantum as follows:

Spzctroscoplc observation showed that th=se guantum
qumbars[numb=rs which showsd fine splitting)should

often not be whole numbers at all but whole numbers
and a half, somsthing the Bohr thsory was unable to

explain. The experimenters found they could produce
anomalous Zseman effects in which the triplets [thres
spectral lines groupsd close toze ner) bzcames intricate
clusters of lines defying all the arts of the Bohr theory.=<

rgy when

two discontinucus

Banesh Hoffman, The Strange 3tory
(Mew York: Harper & brot“,rs, 1947), p. 56.

~
-
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Helsenberg at thls tims made a strong pl=z for a
mathematical thesory. He s3aild that it was the physicist's
inslstisnce upon physical modi=ls that was limiting progress.
He saw physical mocdisls as unnecessary mental crutchss; ani
expressed a desirs to replace physical models with methematical
ejuations. Helsenberg began to devalop guantum theory
&3 a mathematical theory. Bern, Jordan anl Heisenberg
bezan to bulli up atomic physics upon the principle of
algebraic form. Hultiplication of matrix, a2 branch of
pure algsbra, greatly alded them. Direc made gensralizstions
from which ths theory of matric=s cculi b2 derived as a
apeclal cass,

About thils time Heisenberg developsd his principle of
indeterminism, which weakened his mathematical theory.

This principle declar=i that the position and velocity of

an electron can never bs known sxazctly at the same time.

This 13 tru= bsczuszs ths distsctor of position upsets the
slsctron's velocity. Heisenberg, in the principls of
uncertainty (lnd=terminism), is talking about the =lsetron

a8 an l1lsolated physical esntity, and his mathematical theory
allows for consideration only . mathematical formulae and
the immediately observed object. =Zlectrons fall into neither
of these catsgories. Electrons, which can be detected by
physical means, do not fit into Heisenberg's mathematical
theory. By stating his prineciple of indeterminism, Heisenberg
1s talking in terms of a physical thesory. Reichenbach

agress that the principle of indsterm
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and says:
If the basic principles of gquantum mechanics ars
correct, ths principle of indsterminism must hold
because it is a logical consequence of these basic
principlss. . . Now these principles are, of course,
empirical principles, and no physicist claims absolute
truth for them. But what can be claimesd for them 1s
the truth of a well establishsd theor'y.23
The physical thesory had run into trouble sxplaining certain
parts of guantum physies, but the mathsmatical theory ran
into difficulty in this same arsa. The quantum thsory
sesmed to require both theoriss of naturs.

L. D2 Broglie in 1924 introducei a hypothesis "that
material particles should sxhibit a dual character, that of
a wave and that of a corpuscla"a4 De Broglie said that he
felt there was reason to supposs the sxistences in a wave
of points where energy was concentrated. Hes thought that

knowledge of the laws regulating the motion of these points

was equivalsnt to knowledge of the laws regulating th

W

(621

lisplacement of the wave since ths two (wave ani point)
were 1lntimately connscted. - De Broglie also said that,

convaersely, a particle could b

(]

thought of as being accompanisd
by a wave., Davlsson and Germer working in Bell Telephone
laboratoriss in Nsw York in 1921 gave experimental svidence

for the idea that matter has a wave aspect. Quite accidentally

23
Hans Reichenbach, Fhilosophic Foundations of Juantum
Mechanics (Los Angeles: Univsrsity of California FPress, 1948), p. 13.

24
Henry Semat, Introduction to Atomic and Nuclear Ehysics
{5r4d ed.; New York: Rinshart & Company, Inc., 1958), p. 1T71.
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they overheated a lump of nickel. Thils treatment made the
nickel crystals capable of acting as a diffraction grating for
2lsctrons--material particlss. The iiffraction pattern
cbtainei resesmbled an X-pray diffraction pattern. These
events brought to science a new topic called wave mechanles.
The connsction between wave mschanics and the physical
theory 1is so much debated that this toplc doss not greatly
asslst our task of giving a historical definition of the
physical theory. Hoffman rsveals the unsettled air of the
era which heralded the advent of wave mechanics by calling
it, "2 bolling maslstrom of outlandish ideas.”?d Naturally,
physical theory sees the wave aspzsct of matter as secondary
to ths particle aspsct. A physical theory with 1ts emphasis
on matter and particles sses the wave aspect of matter as
the probability of finding a particle &t & csrtain point.

As Rsichenbach says, "As to ths waves the struggle betwesen
the two interprestations, therefore, amounts to the guestion

whether the waves have thing-charactsr or bshavigr-gcharacter,

l1.e., whethser they constituts the ultimate objscts of the
physical world or only express the statistical behavior of
such objscts, the latter belng reprssented by atomic sarticlss.”25

Schrddinger in gensralizing De Broglis's ideas, went

beyond the physical interprstation ani developed wave mechanics

25
Hoffman, p. 7l.

25
Reichenbach, p.
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in a form some would call prsdominately mathematical.
Zinstein, Planck and Bohm=' did not like the uncertainty
brought on by inleterminism and certain aspscts of wavs
mechanics. They all seemed to be s=arching for an adequate
physical theory and for the determinism and absolute laws
that can come from a physical theory. The skepticism
concerning indeterminism led Bohm to attempt to construct
a "sub-quantum mschaniczl leval." The workings of this
level are’ to have a physical significancs and definits
ieterminate laws, Bohm says that our gquantum theory and
principle of indeterminism can only explain the workings

of th

()

82 lsvsls roughly, bscaus2 thay are groas tools.

The physical thesory has bscom2 involvai in vary racsat
physics, and thus added to its character. This addition
ma&ie by Bohm in ths esarly 1650's nszds to bs inecluded in
a historical dsfinition of the physlical thsory because it
reveals the stirong unisbatablsz connection of the physical
theory with dsterminlsm, and bscauss 1t shows the incompatabillty
of ths physical theory with intsllsctual iIsad =nds.

The physical thesory appearad again in the =arly 1950's
because there was so much talk of nature forsver remainlng

a mysterious gams of chance. Bohm has not, of courss,

besn able to establish eonclusivsly the idsa of "sub-quantum
mechanies." The whole idsa may be mstaphysical nonsensse.

At least, Bohm ani his physiczl theory ars doing somsthing

27
A twentlsth century physicist not=d for his work
in sub-gquantum mschanics.

-
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about & challenging intsllsctual puzzls instead of sitting
back and saying that the microscopic world will forsver
remain a mystery. History shows that many "mysteriss"
are merely problems that need to b2 solvad.

The precading historical dsfinitlion of thes physical
theory of nature reveals the manner in which a theory
of nature is nsver static or comglste. The logicual implicaticns

are explored more thoroughly by esach successive generation.

As time goes on, more minds ani

=]

or2 machinzs ars avallaple
to explore the possibilities of a theory. In a ssnsz, 2
theory of nature is always changlng. The physiczl theory,

or any other thsory of naturs, however, is only as fertils

a3 its basic premises. The basic premisss do not change.

If at any time they do not allow explanation of curraent
phesnomena, the whole theory must bz put asiis. A histerical
iefinition gives an individual ths opportunity to see if

a theory of nature has explainsi known facts, given a loglecally
satisfying synthssis of knowledge and 1lsft room for further
Jevelopment. As was indicated in ths introiuction, ons nesds
to know these facts about a theory of naturs befors he can

utilize theories of naturse in forming a philosophy of physics.
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ribsd by the Physical Theory

Each thecory of naturs, including the physical thsory,
presents the concepts used 1n physics in a characteristic
manner. Discontinulty is a fundamental distinctive characti-
eristic of a physical interprstation of nature. This Jdoes

not mean that there is no continuity assoclated with the



(40)

physical theory. This mesans that persons using physical

theory interprstations think in terms of particles and

discontinuities. To be sure, these same persons find

continuous functions in mathematics of invaluab servicsa.

Throughout the history of the physical thsor find men

striving to sxpress dlzcontinuous ideas in continuous mathematical

Ther

tarus.
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1s & good explanation feor this two-fold aspect

g

of the physical theory. W
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sesn that the physical
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theory is the theory of rsons who arsa

investigation. It is ths Tirst theory that comes into uss

in the history of science or in the history of a particular

the

problem. The aspsct of physical theory which recommenis

]

it for beginners is that it snables people to think in terms

o

of ti
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w

world view is
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diseraste, discontinuous cles.
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cne where discontinulty is the sic rsality. Continuity

comes into the charscter of the physical theory when, after

thinking about the world, the physical theorstist wishes to

express and manipulate his idsas about the world. It is
easier to think in terms ¢f discontinuities, but contlnuous

mathematical functions ars easier tc develop and

and they &ars capable of handling more casss

tinuous functions. The beginnsr needs

methods of thought and expression if he is to sta

r

investligatse an entirely nsw field. Thils is the ¢

tc manipulate

rt to

nistT

reason that the physical theory which views the world as

iiscontinuous must incliuds a place for continuity

Physical theory concepts are very often represent

of =xprsssion.

ed by models
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or plcturss,

The word mod2l is not a complstely definite term.
Bralthwaite says that a model and a theory are dsiuctive
systems with different interpretations of ths same ealculus.
He declares, "in the model ths logically prior premises
ietermine the meaning of ths terms occcuring in the repre-
sentation in ths caleculus of the conclusions, in the theory
the logically posterior consequences determine the meaning
of the theor=tical terms occuring in the representation
An the cecalculus of the pr‘emises."g8 Though the word model
1s admittedly vague, Braithwaite and others agree that a
model is some convenlent way of representing an intricate
idea., Whethsr in the picture or calculus form a model enables
ong to think in a step-by-step process with the first step
being the first fact one would normally discover rather
than the last.

Physical theory presentation of concepts in physics
may be most clearly explained by examining past interpretations.
In these illustrations the characteristic tresatment of the
physical theory will be revealed.

The electron of the physical theory has been thought of
as a small hard particle which circulates around a nucleus.
There 1s conslderable evidence for picturing the electron
in these corpuscular terms. It has been found that the

electron has a definits charze. This was done by the

28
R. B. Bralthwaite, p. GC.
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Millikan oil drop sxperiment. In this experiment two ma jor
forces act on a charged oil drop. These forees are the
force due to gravity and the force due to an electric field.
Various charges are put on the cil drops by friction as
they go through an atcomizer that sprays them into a small
hole, and thus into the electric field. Theorstically one
could balance the force dus to the elsctric field and the
force due to gravity by adjusting voltage. The two symbolie
representations of these two forces could then be eguated.
The symbolic description of the electrical force includss
the expression for the charge on the oil drop and all other
terms in the two expressions are known from the Millikan
experiment. The lowest common denominator of all the charges
found in a series of experiments 1s the charge on an slectron.29
The electron also has a definite mass which can be
measured by an sxperiment with a cathods ray tube. In thils
experiment an electric and a magnetic field ars made equal
so that ons 1s able to eguaite the field expressions.
The expevimenter wishes to make the electron beam exhibit
this equality of forces by making it go in a strjight line.
When the straight line 1s percelved by noting that the elsctrons

hit a spot in the center of a zinc sulfide covered screen,

29

The Millikan sxperiment actually works with rates of
fall rather than ad justments of voltages; however a detailed
description is unnscessary.
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the forces on each elsctron are known to be equal. The

equation expressing the equality of the two forces 1

Ui
e

Zz=Byve (1)

1" il

In this equation "E" represents the intensity of the electric

field. Ths charge on the electron is designated by "e",
and "B" represents the magnetic field intensity. Since this
expression does not contain an sxpression for the mass,
another step i1s required. The electric field is then turned
off and because of the magnetic fieli the slsctrons make

& circle of a definite radius on the face of the magnet.
When the elsctric fisld is turnesd off the expression for

the magnetic field intensity 1s expressed by the eguation:

2
Bve=mv=
R

{2)

In this equation "B", "v", and "s" have their previous
msaning, "R" is ths radius of the circle the slzctrons
make on the face of the magnet, anl "m" represents the
mass of the electron. This equation is solved for "v",

and the eguivalsnt of "wv" is substitutsd in equation (1).

It
=
m

Zquation (1) can then be solved for the ratio in terms

of the msasurable guantitiss "g", "B", and "R". EKnowing
this ratio and the charge the mass can be ieterminei.so
Further evidence for the physical electron was the

fact that 1t lsaves tracks. Like other charged particles,

30
Francis Sears and Mark Zemansky, University Physics
(2nd ed.; Reading Mass.: Addison-Wesley Fublishing Company,
1955), p. 5656,

Inags,
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elesctrons lsave streaks of droplets in a Wilson cloud
chamber. These streaks show the path of the elsctron.
Since the paths can be easily photographed and studied,
one would naturally assume that they were real svidence for
regarding the electron as a physical corpuscle. "It is
difficult to conceive how & wave, uncollimated and fres
tc spread in space, could make narrow tracks suech as those
observed in a cloud chamber,"J1

The physical theory's concept of the electron, as can
be seen, had and still has much experimental support.
However, much has happened since Bohr proposed an atom
8imilar to the solar system with the nucleus taking the
part of the sun and the electrons taking the part of the
planets. Since that time esven the physical theory's slectron
has become less definite. Bohr's concept of Keplerian
orbits is satill useful for instructive purposes, but it
is actually a background upon which we superimpose fine
spectral line splitting which is not explained by the Bohr
theory. There are certain experiments, like the diffraction
of elsctrons as performed by Davisson and Germer, which
can not be explain=d by & physical modsl of ths electron
as a corpuscle without considerable ad hoc¢ hypotheses.

We have a situatlion at present in which we use any
theory--mathematical, physical or functional--to explain

a glven phenomenon. This attitude is pragmatically worthwhile;

Ja
Henry Margzenau, The Nature of Fhysical Reality (New
York: McGraw-Hill Book Company, Inc., 195C), D. 518.
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but it raises havoc with logic. We have psrsons 2xpglaining
diffraction of slectrons in physical terms ani spinning of
electrons in mathematical terms. 1In short, nc model in

1ts present form explains satisfactorily all the characteristics
of the functioning entity we call an elsctron.

We have seen the physical theory's electron as a famous
belng known only by reputation. Ths early works of Helsenbarg
would call the physical theory's slectron an unjustified
images, and Northrop would answer:

The desire for physical models does not have its basis,

as 8o many of our contemporary scizntists assume, in

the perverse tendency of the human mind to think in

terms of 1mages, but in the rationale of all modern

andl contzmporary sxperimsntal scientific procedurs.
Perhaps what we designate as an electron is better explailned
by a mathsmatical equation; but ths success of the past
physical concepts of the electiron leaves hope that on the
sub-quantum level, as Bohm’2 calls it, the electron can be
seen again in terms of matter and motion.

Perhaps a mors definite physical concept is simultaneity.
Simultansity for many years was thought to be absolute.

Not until Einstein's work with the relativity theory diid
the notion of relative simultaneity havs significance.
£insteln explained rslative simultaneity in terms of physical

ob jects.

32
Northrop, p. 131,

53
Bohm is the contsmperary physicist whose theory cn
sub-guantum mechanics was discusssd previously.
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The absolute theory of time upon which the absolute
theory of simultaneity is bassd regards time as an endless
series of non-intersscting linss. There could only be one
such seriss in nature; thersfore, 1f an cbserver in one

frame of reference read his clocks correctly and designated

W

that two events happen at the same instant in this series,
obsservers in every other frame of reference reading correctly
wlll assign the same two events to the sames instant.

The theory of relative simultanelity as described by
€instelin in physical terms makes the relativity of simul-
taneity between spatially separated events dependent on
the observer's frams of raference. Einstein gives a
physical example to illustrats reslative simultansity.

He uses a cocrdinate system in the shape of & box car as

the scene of his 1llustration., This systsm 1s moving at

high velocities and there is a light in the center of it.
Einstein shows that an inside observer, who is moving with
the coordinate system of the box car wlll ses the light
signals sent out by the light in the csnter of ths box car
hit the walls simultansously. An ocutside observer who 1s
located on the psrpendicular bissctor of ths box car woulld
say, "One of the walls is trying to sscape from and the
opposite wall to approach the light signal. Therefore, the

ca

W
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'o

ing wall wlll be met by ths signal a 1little later than
the approaching one."3% The relativity of time makes only

34
Zinstein and Infield, p. 188.
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a slight difference 1n ths observations of insiie and outside
observers 1 the veslocity of the coordinate system is small
compared to the vslacity of lizht; but there is a difference.
The ordinary objects in our experience ars moving so slowly
compared to the velocity of light that we can not possibly
detect the difference that the "outsids" observer dstsectad.
In our world the light signal would reach the sides of the
car so soon that the "escaping"-"approaching" factors would
have no dstectable effect. The impossiblity of detecting
relative simultansity in ordinary svents involving ordinary
objects is responsible for mankind's elinging so tenacilously
to absolute time and absolute simultansity. |

The concept of reslative simultaneity is one of the
chisf contributlons of the special thsory of relativity.
Here we have seen the characteristic manner in which the
physical theory presents this concept. We have also dis-
coverad that the man who dsveloped the thsory of relative
simultanelity pressnted it in physical terms. The story,
however, is not finished. The functional thesory has a
different view of this same concept as we shall sse.

Cne cruclal concept used in physics, which the physical
theory presents in a characteristic manner, is msasurement.
In order to mesasure, we must first have a standard and an
agre=d method of msasuring. The standard for Euclidian
measurenents is a straight rizid rod. The rod must be
straight so that it can be duplicated easily, and it must

be rigid so that no matter where it is displaced, it will
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maintain its shape and size. The standard must maintain
1ts shape and sizz becauss ws want all our measursments
to bs corrslated; otherwise, we could uss & rubbsr band
as a standard. A physical definition for straightness is
given by d'Abro. He says: "Two rods wouli be rscognized
as stralght 1f after coineiding when placed lengthwise they
continusd to colncides when one rod was turned over on 1tsslf."35
The process nezded for measursment se=ms to be defined by
stating that wes lay the rod end to end in a straight line
between two points if we wish to obtain the shortsst distancs
bstwesn thsse two points.

It requlres a geometry, however, to give a definition
of "straight", and thereby of shortest distance. A geomstry
also gives a definitlion of congrusnce, which is nesded if
we are to be sure that ths rod and its substitutes -really
covar the same length. Euclidian geometry definss a stralght
lin= as th= shortest distance bstwesn two points. The
"shortest distancs" betwesn two points, however, changes
with changing geometries., A line curvsd in terms of EBuclidian
gsometry may be the "shortsst distancs" bstwsen two points
in a non-ZEuclidian geometry. The Euclidian definition of
a straight line depends on Zuclid's farallsl FPostulats,
which statea that through & point in a plane it is always
possible to diraw one and only one straight line parallsl

to a given straight lins lying in the plans. His Jefinition

5
i'Abro, p. 34.
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applizs only in a threz dimensional continuum. Euclidi's
definition of congruence is dspendent on his Parallel Postulats.

Riemann and Lobatchewskl, who d4id not accept Buclid's

Farallel Fostulate, would obviously derive a different
meaning for straightness and a iiffefent meaning for congrusncs.
There 1s no absolute geometry. Geometries are 1dealizations
from the physical world, aniﬂggaect in the physical worli
changss properties if it is going very fast or if it is
accelsrating. For example physical rods actually shorten
at high spseds. 2uclii's geomstry went ons step beyoni the
eampirical stags whers straightness was defined in terms of
two physical rods. He could not appeal to smpirical definitions,
for he wanted perfect rigor. Hs wanted an exact definition
of a straight line and of the squality of two distant spaces.
Zuclid, therefore, hai to employ indirsct m=sthods. Hs
posited axioms and postulatss in. order to state in an
accurate way the properties that appearsd in physical objscts
only in an approximate way.
Buclidi's geometry was thus the geometry of perfsctly
rigid bodies, which, though 1dealizesd copies of the
bodiss commonly regarded as rigid in the world of
experiencs, were yet definei in such a manner to
be untainge} by the {n@gcuracies attendant on all
physical mesasurements.
One can ses that gsometry in its origin was physical and
was concerned with possible depositions of objects on this

garth. Geometry progressed to a point where it dealt with

36
i'Abre, p.
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postulates and axioms rather than physical objects, but its
origin was physical. If this realization had besen prevalent
when Einstein presented his thesory describing what would
happen in a world which was travelling at high speed or
accelerating, no one would have seen relativity as an
astounding resfutation of an absoluts truth--i.2. of BEuclidian
geometry. They would have resalized that relativity physies
requlres a different geometry because it 1s dealing with
other than ordinary physical situations. In any case, ws
have seen that a gesomestry is nscessary to give me2aning to
1irsctions given in the method of msasursment, and that
geomstries as well as standards have physical meaning.

With the advent of Einstein's spscial theory of relativity,
tims became important. Mesasurements wers mais in a four
iimensional continuum of space-time. =instein's theory
requirel two standards for measurement--a rod and a clock.
The geomstry that dictated straightness ani congrusnce in
this case had to be different from Zuclidian gsometry.

Zven the standard rod would perform a different task in
a world wherse reslativity effects were evident. The rod
would change length as it changed vslocity.

Gamow discusses the deformation of a physical standard
rod due to acczleration by plcturing a person measuring
the shortest distance between two points on the periphery
of a rotating platform. He points out that due to the
rotation of the platform, the measuring sticks will suffer
a relativistic contraction, and those of them which are -

closer to the periphery of ths platform will be contractad
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mors than those located nearsr to the center. It is clear
that in this illustration in order to gst the most distance
covered by each stick, one should place it as n=sar to the
center as possible. Howevser, both ends of ths lins to be
measur=2d are fixed on the periphery; it will therefores be
better when the platform is still not to move the sticiks
from the middle of the line connecting the two periphery
points too clos=s to the ceater. Ths shortest distance between
the two points under the above conditions with the platform
rotating is a curve slightly convex toward ths center.37
Obviously a different geometry is needed in an accelerated
system if we ars to retain rods and clocks as standards.

In what kind of a geometry would the shortest distance
betwesn two points be a curve, and consegquently would the
sum of the angles in a triangls be smaller than two right
angles? A geometry that would perform these tasks was
needed by relativistic physies. It happened that, before
Einstein's thsory of relativity was devesloped, a mathematician
had developsd a geometry in which space would be curved
(relative to a Buclidian world), in which the sum of the
angles of a triangle would bs less than oneihunirei and
eighty degre=s, and in which the Euclidian Parallel Postulate
was replaced by a postulate saying that an indefinite number
of nonintersecting straight lines could be drawn through

a point in a plan=z parallel to a given straight line in

b1
G. Gamow, Mr. Tompkins in Wonlerland (New York: The
Macmillan Company, 15356, D. 58,
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the plane. This was an adequate geomstry for Einsteinian
physics. Although this Lobatchewskian geomestry was dsveloped
without the aid of physical experimsnt, it has a d=finite
meaning in physical terms as we have seen in the rotating
platform 1llustration. We have sesn that an acceleration
caused the deformation of a standard, and caused the shortest
distance between two points to be a curved line (if referred
to a Buclidian world). Since any gravitational fi=ld is
equivalsnt to an accesleration and since one mass causes
another to accelerate, in physical terms "curvaturse" of
space 1s caussd by physical matter.

This discussion has taken us away from the meter stick
and the Zucliiian gsomstry of the frsshman laboratory;
but i1t has served to indicate that there is no absolute
gsometry and that the same standard acts differently under
iifferent physical conditions. 3tandards change in physical
characteristics with changes in the veloclity, and at different
veloclities a standard willl be deform=4d 1ﬁ different degress;
however a standard rod--or rod and clock--1s always essential
to measurement. Different geometries apply in different
pnysical cases and because of this, congruence, straightness,
and "shortsst distance" betwesn two points changss meaning
with changing physical conditions. Congrusnce, stralghtness,
and "shortsst distance”" must bz dsefinsd if measurement is to
be definite. 3ince these mesanings depend indirsctly on
th@ physical situation, one must speclfy his standard, his
method and his physical situation in ordser to compare

measursements. In ordinary msasursment, we shall not be
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concernsd with the changes wrought by
speed; but we must rsalize the nature
of our assumptions if we are to avoid

letting our assumptions slip into the

accslsration and high
and the physical aspects
errors caused by

status of faets.

The following historical definition of the mathematical

theory of nature with the subssguent discussion of characteristic

mathematical theory interpretations of concepts used in

physics will, I hope give a Tuller meaning to both the

meéthematical theory and the physical theory. Thess two

theories view the history of physics in different ways.

If these views are contrasted, both theories ars sesn in

a broader more msaningful light, and thus they become bestter

tools for devsloping an individual philosophy.



CHAPTER II
THE MATHSMATICAL THEORY OF NATUR=Z
An Historical Definition of the Mathematical Thesory of Naturs

The mathematical theory of nature takes form as the
baslc entity in the universe. All laws of nature are stated
by ths mathematical theory in terms of some type of form--
usually a geometry or a mathematical eguation. The mathematical
theory 1s more closely associat=d with continuity than is
the physical thsory. The physical theory only usss continulty
In its expression of its knowlzsdge of naturs. The mathematical
theory proposes that continuity i1s a funiamental featurs
of nature herself. The mathematical theory not only uses
continucus functions as tools of expression, but it views
nature as a vast rational continuity which sxhibits cerfain
forms to her observers. The mathematical theory and ths
physical theory may use the same types of continuous mathematical
functions in manipulating and communicating their knowlsdge
of natures; however nature is mads up of physical discrete
discontinuous particlss in thes physical theory, and naturs
i3 made up of rational forms which exhibit continuity in
the mathematical theory. An historical dsfinition of the
mathsmatical theory will, of course, cover some of the
same events that were coversd while defining ths physical

theory; but in thess two discussions there 1s a marked
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difference in outlook.

After ths Gresks had investigated the possibilities
of the physical theory to some dsgres, Greek scisnce slowly
bscame concernsd predominately with mathematics and astronomy.
In Gresk sclence there is a definite sense that mathematics
and astronomy are purer and finer than other forms of
thought. Bscause mathematics deals with abstractions and
symbols, and astronomy deals with the far-away, these two
disciplines have historically been thought of as untainted
by man's subjective and sarthly smallnsss. Indezl, mathematics
and astronomy dominated Gresek science.

Anaximander was one of the first Gresks to be impressed
by the endless continuity physical naturs revsals. This
observatlon suggssts the advent of a mathematical theory;
for, as we have seen, a mathematical theory sess nature
as possessing continuity. This realization l=d Anaximander
to formulate the conecspt of the "Boundless". He regarded
the "Boundless" as physical. Pythagoras believed that
there is a balance in nature; he saw thlis balances in music.
Pythagoras thought that in nature the "Boundless" was
balanced by the "Limit". The concept of the "Limit" was
a vague idea; 1t had no specific qualitiss, and therefors
was not of much use to scisnce. The concept of the "Limit"
could even hinder science, since any difficult problem could
b2 sesn as a manifestation of the "Limit" and be forgotten.

Pythagoras, howsver, made a startling discovery; he
found that in music the equilibrium--balancs--couli be

expressed aritnmetically without bringing in the "Boundless"
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or the "Limit". It was, conseguently, the rslation between
"Boundless" and "Limit" that could be sxpressssi and not the
entities themsslves. Facts couli bs discuss=d by using
numbers without knowing the msaning of ths facts. "It
suddenly dawned upon the Pythagorean mind that this universe
1s in some sense essentially numerical and methematical.”l
Pythagoras, consequsntly, professsd the idea that the real

is numbsr. He also formulated the rslation of the hypotenuse
of & right triangle to its two sldes and laid the foundation
of number thsory. The mathematical theory had mads its

first appearance. 3oms of the logical conseguences of making
form basic had been discovsrsd and the history of the mathematical

theory, which is responsible for its present meaning, had

&
bagun.

After Pythagoras, the Gresks continued to view form
as all important. Many different geometrical principles
were presented. Finally Euclld put known geometrical principles
into a specific deductive form. Although Euclidian geomstry
deals with idealized propsrtiss of physical objescts, many
people have seen Euclidian geomstry as an absolute logical
continuity dsaling with absolute abstract forms. To persons
who stress the formal aspsct of Euclidian geometry a geometrical
circle 1s not Jjust an 1dealized picture of somesthing they
can feel, touch and ses, but 1t is an abstract perfection,

existing in the absolute--or the Mini of God. Exdoxos,

-
Northrop, p. 13.
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a Gresk astronomer, gave the mathematical theory a definite
and strong position in astronomy. He gathered astronomical
observations of his predscessors ani his contemporaries and
put them together in a systematic mathsmatical astronomy.
The laws of Eudoxos, that made possibls accurats prsilction
of events in astronomy did not mention physical objscts;
they were concerned with perfsct geomstrical forms. Since
mathematics has always been an indispensible aid to astronomy,
it 15 not surprising that the mathematical theory playsd

an important part in astronomy. "Thus ths idsal purely
conceptual catesgoriss of mathematics and loglc were revealed
as constituting the vsry ssssnce of the entire astronomical

universs in which we 1liva."2

The mathematical theory

through its connsction with astronomy gained a fullsr meaning.
A man who contributed perhaps more than any cother before

or since to the meaning of the mathematical theory of nature

is Flato. Platc was essentially a philosopher; but he has

a dofinits place in this objective, factual history of the

mathematical theory. At ths outset we decided that a theory

of nature is a specific logical process whose results can

be confirmed as logical or illogical by a group of rational

persons who accept its basic premises., Flatc did a great

deal to explore the logical consequences of making formal

and mathematical categories funiamental, and therefore

hszlped develop the mathematical theory.

2
Northrop, p. 14.
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Flato desclared that the real is rational as opposed
to the physical theory that ths rsal is physical. This
idea, for Plato, was based on carefully thought out mathematical
concepts and verifisd evidencs from astronomy. It was
not mersly opinion. (The gresat importance of mathematics
to Plato can be understood if one realizes that his individual
philosophy rested on an understanding of maiham&tics.)
After Flato's work, certain conssegusnces of the mathematical
thesory of naturs becams clear. OCne conssgusnce was that
mathematical formal theory nesdsd mathsmatics to maks its
objesctive laws clear. 3Slince logical structure was (for the
mathsmatical theory) basic in nature, logic's shorthand-
mathematics was essentizal. A s=cond conssqusnce that bscame
clear concernsd epistsmology--the science of knowing.
The world which is so important to the physical theory--
the world of ssnsation--is mers illusion to the mathematical
theory. If the ultimate entity in nature 1s rational and
formal, the only way to know resality is to reason. ZExperi-
ment 1s only useful bscause it suggests certain ways of
thinking. A further consegusnce of Plato's dealings with
the mathematical theory is that mathematical thsory thersafter
indicated a characteristic method for discovering resality.
3ince one can not 4dspand on sxperiment to revsal the rsal
world, he has to devslop & system in which experiment is
not crucial. FPlato's system was the msthod of hypothesis.
He used observations only to indicate possibls mathematical
forms in nature. The method of hypothesis commits the

logical fallacy of proving what is first statsd; therefore
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Plato needed to embellish his msthod with dialsctic--the
proc2ss of tracing all hypothesss to their common presuppositions
and putting them together in a deductive system.

The Gresks had not developsd =sxperimental tschniqus;
therefore it 1s not surprising that a theory which did not
dependi on experimsntal svidence was the successful theory
of nature in the Golden Ags of Gresce. The mathematiecal
theory got a very good start in the Golden Age. Somes of
the best minds in one of the most fruitful intellsctual
ages worksd to develop this theory. It also had a well
leveloped mathematics and a successful astronomy upon which
to build.

The spirit of Plato and his mathematical theory prevailed
for centuries after his death. 3Some contemporary physicists
8t111 believe the mathematical theory to be the valid thsory
of nature. B3ir Jamss Jsans says, "In brief nature is rational."d
In this same passage in Physics and Philosophy Jeans uses
the Polncars imags of the facts of sclence as a heap of
stones and ths deductive system as the house made from the
stones ani'ﬁe says by way of illustration.

"In physies the ssparate ston2s ars numbsrs and ths

fsaturses of the house are rslations between large

groups of numbersa, Clesarly thess relations will be

most easily recorded and explainsd by embodying them

in mathematical formulae, so that our sclentific
house will consist of a2 collsction of mathematical

5

Sir James Jeans, Ehysics and Philosophy (Cambridge:
University Press, 1943), o. 8.
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formulaes, in this way and this alons, can ws sxyuress
the pattern of svents."“
This sounds 1liks Plato spsaking again in the modern worlid.
This quotation and the whols historical definition
of the mathematical thesory points out a sharp distinction
betwesn the mathematical and physical theories. The physical
theory during its historical definition seemed always to
be adiing a nsw concept and dsveloping a n=w character.
On the other hand, the mathematical theory, whils devzloping
to a certaln degres, ssams to r=2turn periodically to
exactly the position of ths Gresks. This diffsrence has
a very logical sxplanation. The physical theory dsclarss
that matter and motlon are basic in nature. This lsads

to

]

xperiments with physical matter and motion to fini out
about resality. As equipment bescomss more refinei and rscoris
are kept meors accuraisly, ons sclentist can use th= work

of generations of scisntists, ani thersby has time to

find new relationships. H=, thus, hz2lps to give.physical
theory an added or revised meaning. The mathematical

theory declarses that form is basic. Nature therefore,
contains an essential logic and a changelessness which

can be sesn only through reasoning. Sgnca reasoning 1s

the only way to discover reality according to the mathematical
theory, every man has to go ssparately through all the

logic of his presiecsasors tefors he can begin to discuss

bid.
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reality. The individual is rars who has time to go beyond
the reasoning of the Grezks.

The mind of individual man has not dieveloped since
the time of the Gresks in the manner in which machinss for
experimenting havs dsvesloped. Since the mathematical
theoretician of modern times is using the sams toocl--a
human mind--as his Greek preiscsssors, thers is small wonder
that he often arrives at the same sclution. The modsrn
mathematical thesorstician is also looking for a changsless
feature and might fesl bsfore he starts that hs will arrivs
2t established conclusions. Fhysical experiments bacome
for him unrsliable. The mathematical theory can be maintained
without adding tc i1ts msaning in the face of facts it finds
hard to sxplaéin because these facts can be dismissszi as
sensory i1lliusiocns.

This does not mean that the mathematlical thsory has
net contributed originality to sciencé. It means that the
originallitiss appear as stepping stones in & process of
feturning to a changsless form.

The spirit of Plato over-snadowsd the Middle Ages.
It was not Jjust the success of the mathematical theory
in astronomy nor its compatibility with logically convincing
geometries which gave it the power toc affect the thinking
of persons who livad centuriss aftsr ths Grecks. One of
the fundamental reasons for the ascendency of the mathematical
theory in the period dirsctly following Flato ani in the
Middle Ages 1s that it lends itself to authoritarian forms.

It can, thus, bes carried from ags to age unchanged as
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part of inherited knowledgs. Thls is ons distinctive faaturse
of the mathsmatical theory taat is rsvealsd by an historical
definition.

The mathematical theory esmphasizes the importance of
reasoning. Man has a tendeney to trust his own reasoning
far lsss than he trusts his own experimental results.
Defying convention has always besn casiar to accomplish
in the form of publishing experimsntal data than in the
form of spesaking out against convention using oneself
as an authority. When purs reason 1s the criteriocr for
right and wrong, man has historically assumed that the
person who has done more work in the field, who 1s more
noted or who has written more books in the fi=1ld has the
best resason bshind him. In short, the authority's reason
1s -trusted.

Although Plato would not have wished it, science went
into sclipse when the Platonic mathematical thsory became
the supreme theory of nature. When the lmportances of
the physical world of sensation is dsnied, it is not long
before concern with nature for its own sake disappears.,
When, during the Middle Ages, empirical scisnce lost its
importance, the doom of mathematlics was forsshaiowed,D
An interest in mathematics comes to man while he 1s looking
for a simpler way in which to 2xpress the relations in

the world around him. When he losss interest in ths worlid

5
Northrop, p. 28.



around him, h2 soon loses interest in mathsmatics. Thus,
the acceptance of the mathematical theory defeated the
growth of mathematics.

The mathematical theory's emphasis on reason led finally
to a state whers individuals were searching for the all
prevailing form within themselves and to a state where
individuals were contemplating other worlds., This trend
toward innsr contemplation was a serious injury to scientific
investigation.

In the Catholic Church of ths Middle Ages the mathematical
theory of nature found a psrfsct companion. The Church
was the main power during the Middle Ages, and thus thse
mathematical theory prevailsd. Because the mathematical
theory lends itself to authoritarian forms, it found a
useful place in the authoritarian form of the Catholic
Church. Ths =2mphasis on reason ssen in ths mathsmatical
thsory 123 its followsers to introspsction and a concern
with other worldiness. This aspect of the mathsmatical
theory helped make it compatible with the teachings of the
Church. The teachings of the Catholic Church saw 1life
as but a moment of suffering before man was allowed to slip
into another mors beautiful world where all would be made
well and clear. In a sense, the Christian heaven was the
place where the ultimate form of the mathematicsal theory
would be revealed., The Christian emphasis on the importance
to God of =ach igiiviiual is compatible with the search

for reality within onsself which is an outcome of the
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mathsmatical theory.

Naturally the mathematical thsory had becomes stagnant
by the tims of Gallleo. 3ince no essential change in the
way of looking at ths universe had occur2d for centuries,
this is not surprising. Authoritarian dominated eras like
the Middle Agess do not usually produce radical changss of
any kind. Ironically it was Thomas Aquinas, the great
Catholic theologlan, who opsned the way for rsbirth of
science. By emphaslizing the Aristotelian or functional
theory of nature, Agquinas emphasiz=2d the importance of
observing the rsal physical world. This resulted from the
fact that the functional theory lookedi to naturs instesad
of to reason for reality. ILater we shall discuss the functional
theory in fullsand the importance of observation of naturs
to the functional theory will be made clear. At present
we nesd say only that Aristotle became interested in the
principle of bescoming--in the idea that the rsal changes
its properties--by studying bilological phenomena, If
the real changss its properties, w2 must continually watch
1t to remain in touch with reality. This was the theory
that Aquinas r=svivsed., The return to an intersst in nature
for nature's sake, which had the authority of the Catholic
Church behind it, was more directly rz2sponsible for the
rebirth of th2 physical theory than was the work of individual
intellsctual rsbels who labored to revive scisnce. The seeds
of the destruction of the absolute powsr of the Catholie
Church were planted by one of its chief saints in the

same way that the s2eds of the destruction of the mathematical
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theory were planted by the theory itsslf.

Galilso's work has besn discussed in full, and one
can immediatsly realize that Galileo's concern with physical
terrestrial obj=cts was incompatible with the reason-oriented
mathematical theory. Perhaps if Galileo had been unsuccessful
and hal fallsi to corrslate natural phenomena, there would
have been an immediats return to mathematical theory.
Galileso, howsver, was successful and the mathematical theory
of nature declinsd rapildly.

As time progressed, the physical theory was able to
explain more and more phsnomsna. It explainzd the near-
at-hand phenomena, thsen after Newton's work it explained
the far-away phsnomesna. Man was gilven a systematic statsment
of the workings of the universe by Newton in the form of
mechanics which he based on hls three laws of motion.

Man was also given powser to predict with remarkabls accuracy
the workings of macroscopic nature. With this power to
predict came a limitsd power to control. The sufferings
during life no longer nesded to be considersd as insignificant
events nscessary for a fuller understanding of reality.

The return of the physical theory led away from things of

th

W

mind to things of the body. After ths ssventeenth
century thes physical side of life had again become important
and & 1limitsd ability to control nature to man's advantage
was devslopsd, 3cience's ability to make a better matsrial
life for man has been ths one feature of sclsnce that has

consistently captured popular support for scisnce. After
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Newton, the physical theory ascended to dominance on a
wave of popular support.5

The mathematical thesory 4id not dies out completely
and then suddenly reappear in the latter ninstesnth century.
A few minds were always working out mathematical relationships
in nature and viswing naturs as basically mathematical.
Galilso, Newton, and those who follow=sd consistsntly emphasiz=sd
the gquantitative nature of physical theory, but their
terms, although predominantly physical, were stated in
mathematical terms, HNewton, Gauss, Zulsr, and others found
i1t necessary to develop new mathematical forms with which
to deseribs gquantitative physical chimera. Descartss,
a contsmporary of Newton's, attempted to bring all the
phenomena of physics within a single system. Hls system
unliks Newton's was kinsmatical--to do with motion--and
wes mostly in error. It 1s interesting to note, however,
that he said, "I do not a@ccept any other principlss in
physics than there are in geomstry and abstract mathematics
because all the phenomena of nature may bes explalned by
their means."?

In the lattsr part of the ninsteenth century it became
evident that nature mizht well exhibit continuity as its
basic feature. Theories which took th2 basic entitiss in

naturs to bs discontinuous ran into difficulties explaining

3
Ibidss pe 3T

T
Jeans, p. 107.
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optical and elsctrical phenomena. Slowly the idea of waves
ani fi=l3is became accepted. These ideas revealed and acceptance
of the mathematical theory idsa that nature has continuity
&8 a basic feature. Classical physicists of the ninetesnth
century had long been expressing their knowledge of nature
in continuous terms and for the most part they thought in
continuous terms. But the continuity that ths claassical
physicist attributed to nature was a physical rather than
a rational continuity. These mesn 3id not expound either ths
mathematical or the physical thsory. This was a transition
era. They had progressed from the point whers naturse is
deseribsd as discontinuous particles, but they had not been
able to fres themsslves from the idea that nature is physical.
The exlistence of the ether concept which dominated the
latter ninstsenth century is svidence that physics was
iln a transitional pericd. The sther was a physical medium
which sxhibited stressss and strains, but 1t was not made
up of discrete particles. One could not touch, feel or handle
the ether. It exhibited continuity, but it was not the
rational continuity of a strictly mathematical thsory.
It was th2 continulty of a physical stream which flows and
twists,

A person using a complstely physical theory on ths
lowest lavel where it first appsars describes and thinks
of nature in only physical discontinuous terms. Nature
18 described as being made up of objscts one can touch,
822 and handle. A person using a completely mathematical

theory as 1t appears on the most sophlistlcatsd refined
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lsvel describes and thinks of nature only in rational
continuous terms. Nature hsre does not lend itself to

models of any kind. As the physical thesory progresses

toward the mathematical theory wes find that naturs is

seen as less and less discontinucus and more and more
continucus. Naturs is also secn as less and less physical
and more and more rational. The period which we are about

to discuss 1is one of transition. we will s22 ths development

=

of the meaning of the mathesmatical theory most clearly
if we show how in this periocd (the latter nineteenth century)
the continuous models gained acceptance over the discoantinuous
models and how there was a trend toward the rational explanation
at the expsnss of thse physical explanation.

In optics thers was a struggle betwsen the wave and
the particle theory of light. This indicated that a transiticn
was occuring. The physical theory model of light as corpuscular
was being replacedi by the mathematical theory idea of 1light
as a continuous wave. These wavses had, -in many cases,
physical characteristics. They were not yst completely
rational, mathematical functions, but they d4id exhibit
the continuity which only mathematical theoriss attribute
to the basic foundations of nature. In the ninetesnth
century, Huygesns had given evidence for the support of the
wave theory--refraction and reflsctlon were explained
readily by the wave thesory. Nswton's nams had. been afixed
to the corpuscular theory, which after a fashion explalined
reflection, refraction and color. The corpuscular theory

was at this time acceptsd mostly because of the gseneral
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succ2ss of the physical theory to which 1t was ad joined.
The physical theory strasssing discontinuity had been very
successful in explaining mechanical phsnomena.

At the beginning of ths ninsteenth century, the wave
theory of light gained support. An English experimsnter

erence phenomsnon and

=y

nam=2d Young worked with the inter
noticad that if light from a single source was putl through

two slits very close together a streak of light and a

straak of dark would appear on a scrssn in front of the
system of slits or diffraction grating. This phenomenon
could be explainsd sasily if light were assumed to be wave-

like. One could say that ths waves elther conatructively

r destructively interfersd. A diagram will show Young's

(e}

(4}

xperiment most clearly.

Fig 24 . Tntevfeorence of Vigyr u:u‘ef p:‘m +Aredg j
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Young 4id not present & pur ly mathematical wave thsory.

His wave was not a rational functlon; 1t was a physical
wave which reguirsi an ethsr through which to pass.
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Young postulatsd the luminifsrou ther we have msntloned.
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ly was an unistsctabls substance which pesrvaded
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the univsarsae.



(70)

Zven this wave theory was not gsnerally accepted until
Fresnal accepted Young's ideas and used them to =xplain
polarization. The Fresnch academy of science d4id not favor
the wave theory of light, but finally the success of the
wave theory caused 1t to be gesnerally accepted in the early
nineteenth century. The continuous, mathematical aspect
of the world of elsctricity and magnetism was brought forward
due to the work of Faraday, Maxwell, and Hertz.

Because Faraday had little grasp of mathematical technique,
he described the continuity he saw in electrical and magnetic
phenom=na as "tubes of forece". Ironically it was not the
Qathamaticians who pioneersd the highly mathematical field
theory. It was the unmathematical Faraday. Faraday belleved
that elzctromagnetic effects did not have their basis in
lumps of iron or in physical magnets. "For him, in a real
sense, nothing less than the whols universe was involved,
the wires, magnets, and other material gadgets being rather
insignificant inecidents."® Here we see the ds-emphasis of
matter which usually accompanies the appsarance of a mathematical
theory. Faraday plctured a magnet or a current carrying
wire as having tentacles which reach out in all directions.
The tentacles were stronger nearer a material body and
grew weaker at greater distances. It was these tentacles
that were the ultimate reality in nature. =Zxperimental

evidence supportsd Faraday's idea; but these ideas were

g
Hoffman, p. 10.
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8o simple and basic that thoss who beslieved nature to be
intricate ridiculed Faraday's idea.

When Clerk Maxwell began translating Faraday's private
unfamiliar ijeas into the lanzuage of mathesmatics, these
concepts became mors generally accepted., Strangsly enough
Faraday's ideas fitted perfsctly into mathematical forms.
Maxwell's labors produced the concept of the fisldi. "To
lescribe the traffic of the universs a combining sst
of laws was nscessary."9 The slectromagnstic fisld can
be thought of as a refinei mathematical form of Faraday's
tubes of force. The electromagnetic field has a physical
meaning; but the field is best expressed in a mathematicsl
form, and mathematical fomwas the ultimate reality of the
Maxwelllian sra., Thls era 1s an lmportant event in the
history of ths mathematical theory of naturs,

The mathematical significance of Maxwsll's =lsctromagnetic
field can be best grasped by a orisf description of the
derivation of the esquations sxpressing this field., Maxwell
found that in a reglon where the elesctric induction--a
quantity proportional to the number of lines cof force in
a field--in a dielectric medium was changing, h=2 could
equate this change to a&n electric currsnt, with which
a magnet field was automatically assccilated. He could,

then, sxpress "rslations bstween the time rate of change

S

J. Ri. Newman, Review of Causality and Chance, by D. Bohn,
Scisntific American, 198 (January, 1955), De 3L
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of the componsnts of the elsctric induction and the space
rate of change of the components of ths associated magnetic
fie13."10 Maxwsll, moreover, found that in a region

where the magnetic induction was changing he could be sure
that there existed an electric field and he could express
relations "bstween the time rate of changz of componsnts cf

the magnstic iniuction ani ths spacs rat

W

of change of the

components of the elsctric intensity associatzd with them,"11
The relationships which Maxwell sxpressed were presented

in mathematical equations. Hs, further, was able tc

manipulate mathematically the two sets of rslationships

and to produce squations which gave the time ani space

relations of each component of elactric intensity ani the

time and space relations of each componsnt of magnetic

intensity. It so happens that electric intensity admits

of a wave solution. If ws assum2 elsectric intensity is

moving in a wave we can derive the same sscond order

1iffersntial equation which Maxw2ll dsrived using the

process which we just discusssd. Ths only requirement

for making the two esquations identical is that the velocity

of propagation of the wave must equal the spsed of light

iivided by the square root of ths dielsetric constant

times the permeability. That is, in a vacuum where the

1C
Norman Gilbert, Elsctriciiv and Magnetism (3rdi =1.;

New York: The Macmillan Company, 1957), D. %58.

11
Ibid,
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dislectric constant and the permsablility are ons, the spesed

ef light must equal the spe=d of the 2lectromagnetic waves.

The two electric intensity squations of the "x" componant

of elsctrical intensity are:

Ex
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It can b2 sesn that these are identical if yial . The
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meaning of y, K, C and V have been given. £ 1s electric

n_mn

intensity, "t" is time ani "x", "y a

and "z” are spacs
coordinates. The same type of reasoning appliss to the
magnetic intensity and two squations of the same form can

be derived. Once the reslation bstwesn the discoversd slzctric

(84

and magnetlc waves was se=sn by Maxwell, he had bsgun to
formulate slsctromagnstic theory which combinsd light,
elactricity*ani magnetism, and he hai pestulated ths sxistsence
of a new type of wave expressible in & mathematical eguation--
the electromagnetic wave. It was Hertz's iszatiny to demonstrate
ths sxistence of thess waves,

The elsctromagnetlic waves for which Hertz wlshed to
fini experimsntal evldence were thought to have two components

yerpendicular to one another. The electric intenslty was
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thought to lie in one plane and the magnetlic intensity

in another. The waves of the two components are shown

Hs

2

Fig 2 -2, Waves ok eleckric intensity end mojynctic
intensity ~ Compo nauts of electro-magmnetic :wwe-[nﬁm—

Gil bert , Electvicity aadMagnefSm . 465. )

Hertz dsevlised an osclllator of asufficlently high freguency

tc produce radlations of managsable wave lengths and 4

a way of detecting these waves. Hsrtz devised an osecl

1
which bscause it contained 2 small inductance and a smal

sufficiently hi

Gl

capacltance was able to produce

oscillation. Once & spark had jumpsed the spark gap in

osclllator circuilt &n osclllatory dischar

:2 occurad-~the

capacltance and the inductance alternately stored energy.

-~ A

Apart from the osclllator, Hertz placed a detsctor whi

took the form of & loop of wire with a gap in 1t. When

ne saw electrical sparks jump across this gap he was convince

that slectromagnetic waves were rssponsible, After all

no wires connsctzi the oscillator and the dst=ctor.

Hertz proved these waves were the electromagnetic waves

-

of Maxwellian theory by showing that the waves could be

o

clarized, reflscted and refracted. Now the continuous

wave theory which 15 basleally a mathematical thsory was

i
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victorious. It had predicted a wave before the wave was
known to exist. This had been done solely by work with
mathematical eguations. The waves that had been discovered
wers not physical. They could not be ssen, touched or felt;
yet they determined optical, elsctrical and magnetlc
effects, Thelir effects could be detected by the senses.
Was not this evidence cof a formal wave which was the basic
entity in nature ani which produced changss in nature?
However, the ether was still "hanging around" to keep
the wave theory from being completely raticnal. The sther
was & physical concept. Even though lLorsntz, foreshadowing
the relativity theory, figured out the transformations of
space and time which were nesded in electrodynamics, he
persisted in connecting his transformation with the sther.
He also was unable to give up his classical idea of the
absoluteness of time sven though he worked out transformations
for time as well as space. Lorentz felt that there was
& "real tims" and that the time which changed was "lgeal
time". The ether, partly bscauss of its artificiality,
was not destin=d to remain for long in physics. "Taking
Lorentz' theory as it stands, one cannct help but recognize
that thls accumulation of hypotheses postulated ai hoe
makes 1t painfully artificial. According to the theory,
the sther must be regarded as stégnant ani the sarth as

moving through it with somes definits velocity. This veloclty
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1.2
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must, howsvsr, remain =tsrnally unknowabls to us."
It 13 not surprising ln view of the prsceding discussion
that Zinstsin f21t that the sther was a usslsss conesut.
#e discussed the rslativity thsory at some length when we
were historically defining the physicasl theory; howsver
certain of its aspects ars esssntial to an historical
definition of the mathematical theory. We must, thersfore,
undsrtaks a littls repetition. Ws saw that with Einstesin’s

nhezan ©

dismiszgl of ths

()

the

w

n ha
L e

O

form the spscial theory
of relativity. This theory showed that the laws of naturs
h respect to the valocity of a frame of
refesrence, w2 noted that in the speclal theory, the velocity
of light is constant, and that space, time ani simultansity

are relative. The special theory of relativity was in

-

many ways & mathematlcal thesory and if Einstein had stopped
with the spsclal theory, the mathematical t

mlght have continued to be the dominant thsory.

velocity of the frame but space-time hasa a certaln absoluteness.

follows: Thrse different persons are asksd to arrive &t
the number twelve by multiplying two numbers., Cns person

says four times threse is twelve. Cnes says that six time

4'Abro, p. 137.
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two 1s twelve. Anothsr says that twalve times ons 13 twelve.
But they all azgres that ths proiuct is twslve Thsses parsons
acted as though they were in different frames of refersnce.
Thz spscial theory, by giving specs-time (a chroncgzomstry)
absoluteness brings ths mathsmatical thsory to the forsgrouni.
This is bsczuss & formal rather than a physical category
had again bscome the basic entity in nature. All events
are placed in rslation to space-tims, ani space-time could
only be described aleguatsly in mathematical terms.
At this stage, relativity theory absorbad the attention
of men. Its mathumatical emohasls anl chrono-gsometrical
charactar caussi uneritical scientific minis to supposs
that the continuous theory weas azain established.
Nature 1s a four dimensional continuum in which an
sct 13 but a sesriss of static =vant particles taksn
as at rest or in motion accoriing to one's frams of
rzferences.
The g=nsral thsory of rslativity has bssn logicall
o y J o y

3

shovm to bz basically a pnysicezl theory. However, sincs
th2 gesneral thsory us=ss methematics =xtensively, ws should
sxeming the conn2ction betwesn mathsmatical theory and the
gansral thsory of relativity.

avys se2n assoclzted with

e

The curvature of 3pacz that we

0}

tne change 1n meiries preoduced by a@cceleration of matter

has by somes who use th2 mwathesmatical thsory bzen interpreted
quites differentiy. Thess persons think that gravitational
fi=slis which prodiuce accaleration are marsly manifestations

of the curvaturs of spacs. Since space can be thought of

13
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a3 curvad and continuous and sincs curved spacs can be
dsscribzd in gsomstirical terms and describedi as positively
or negatlvely curved, there is & mathematical conn=ction

bztws

W

n thz ralativity theory ani the methematical thsory

of naturs., Th=s ation that w2 show=i1 had veast

w

ame 29

=

paysical significance is, ne

b

2rthzsless, a mathematical

equatlon describing thes universe. Ths of th= =2guation.
8 Sik )

(G, -2z, =T, ) repressnts the gravitational potszntial,

enl the curvatur=s at sach point is describad by ten differsnt

raiii of curvaturzs rsgrssented by the G, of the eguztion.

Although ths squation is gsnerally agresd to havs basically

a

c

nysical significance, the power of the mathematiczl
theory 1s dsmonstrated by the fact that a mathematical
sguation is used to describe ths laws of the universe.
It couldi be sald that the eguation i3 basic and that the
paysical interpretation Jjust plays ths part of a modsl.

The advent of ths gquantum thesory gave thes mathematical
theory further territory in which to devslop. It found
both success and failure,

Bohr, as we havs sesn, syntheslzed the idsas of Flanck,

instein and Rutherford and developed a gquantum thesory of

'a

(=

ths atom in which discontinulty rulesd and in which only
gquanta of ensrgy were emltted. This was a truly physical
thzory. Howavar, whsn the Bohr theory bsizan to havs trouble
explaining spzctral phenomena, Helsenberg stepped in with

a mathematical theory. He suggested giving up vhysical
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wodels ani assigning mathsmatical squations to quantum
phsnomena.

In orier to comprsheni Heisenberg's contribution to
quantum physics and to the mathsmatical thsory of nature,
one must 32e it as a rsaction tc the guantum thsory of
Bohr. Helssnbsrg wish=d to sxplain thes things which sesmad
tc defy explanation in terms of the Bohr thsory.

Had the Bohr theory no mors to 1ts credit than this,

that it revealed to Helssnberg the sscret of its own

weaknsss, and thus of the innermost wsakness of all
oravious physiecs, it would still go down in history
a3 a transcendental influence in the svolution of
modern scisnce.
Bohr had us=i Fouriser analysis as the mathsmatical tool
for his corresponisncs principlz. Fourier isclared that
a sins wave has only one frsgusncy and that all other
roythmlec wavss may be dscomposad into constitusnt sins
waves of different freguencies. Bohr's thsory statzi that
the rhythm of t.s motlon of elsctrons in ortit around the
nucleus whsn subjscted to Fourier analysis should shew

the same purs fregusnciss as 4id the rhythm of th= motion

of the clanets arouni the sun. Thess fregusncies are not

0

32 arse the

(

the freguencies of thes jumps betwesn orovits. T
fraguenciss of tne orbit themselves. They have their
backzrouni in classical mechanics and the jump fregusncies
nhavs their background in guantum mecnanlcs. Bohr postulated

the corrsspondsnce principle which stated that in the

14
Zoffman, p. 84.
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limiting casss of largs masses and of orbits of largs

dimensions, gquantum mechanics must pass over into classical

mecnanics. These two types of freguencies--jump and orbital--
ani thus classical and quantum mechanics can be correlated
by using Bohr's correspondence prineiple. This rslationship
worksd for orbits far from the nucleus where enerzgy diffsesrences
were small, it 413 not work very well for high ensrzy orblt.
This principle--relating classical and guantum mechanics
in a rather arbitrary fashion--was callsd the correspondence
princlple.

Helsenberg arrived on the scene at this polnt. The
motion of a particls around a nuclsus at this times coulld

be dsaiznatsd by its position "p" and its momentum "gq".

U

Fourier analysis says that the "p's" and "q's" can be

analysed intc constltusnt sine waves, but Helsenberg put
the fresguenciss connsctsd with the "p's" ani "g's" in a
square table or "matrix". (Heisenbsrg was concerned bscause

the Fourlisr analysls yielded freguencies which did not

o

orrespond to ‘ump fregusncies shown by distances betwesn
snergy levels on an snergy level dilagram obtained from
spactral analysis.) Heissnberg fzlt & reconstruction was

necessary becauss prsvio theoriss were lnaiseguate.

c
(%)

Hoffman liksns Heisenberg's sguare table to a milsa

He likens the Balmsr frequency ladder to a road with several

different towns on it. Both ths freguency-between-lasvels

15

Hoffman, p. 92.
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infermation and the mlleags-btestwesen-towns information is

mo3t 2&8ily shown in & squars table &s shown following:

No.mf Bl ¥ enot Ve Yor K Paylq. Trenton y‘“h).g“'
T‘w" JI".I;Q
Oqffimere 192 {0 132 7]
NVew York | 149 ') 23 Lt | a3 |
Philedoiphia] ¢ o 43 0 12 tqo
1Ivrcuten 1327 6l 32 | o 129
Lies,iey 4o Hy 234 14 | +72 o

Fig 2-3 . Mileage Table . Thesame type of thart coold
be used to present freguency-befween-leves hisrmation . CREter

Hof€ man , Strange Stoey of the Qoaxtom , p- 92.)

p" and "q". He dscided that in his work hs could only
use definite information, such as the Balmer frequsncy
ladder. This mesant that what had once bssn a d=finite

paysical quantity-momentum~-was now a sguars mathematical

tebla, Fosition toc was a squars tabls.
A timely, remarkeble part was playved by mathematics
in this nsw theory of Heissnberg's. Although the lsvals

on ths Balmsr freguency ladier could be named first, sscond,
third, the theory itself was reguired
the corrsct definits fregusncies

lavel. Hathematics made this generating possible zas

shall sa2=2 latar.

Heissenberg now wished to use older

S"

W

which multiplied the "p ani th

2
e

information. devaloped a way to multiply his square

tables in which different results were produced depending
1

on wihethsr ons multiplied

radiscover:d matrix
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calculus. Agéaln mathsmatics had been developed before the

phenomena the universs called for it. Could this be

-
0]
= |
(¢
(7]

of ths basically mathematical charactsr of the universs?

Th2 imcortanczs of mathesmatical opesrztions ani forms
which gensrats valuas for obssrvabls physical guantitiss
13 great 1n qQquantum mechanics. Perhaps I should first clesar
up the usage of the varlcus terms related to this topic.
HMatrix mschanics, wave mechanics ani guantum mschanics are
all uszd in this field. We have sezn that 1n 1924 Helssnberg
discoversd matrlices as a mathematical tool for =xplaining
atomlc syatems. Later Schraiinger publish=2i peapsrs which
jerived Hsisenberg's results from what seemed to be different
methods. H2 solveld an =sguation liike the wave eguation of
classical mechanics and producsi what was an sxtension of

2 Broglis's idsas of the wave nature of matter ani the

P

mattzr naturs of waves. Thes comzlex of thesoriss by 3Schroeoding
ani Hslsenberg was called wavs machanics. A mors gsneral
theory advanc=d by Dirac ani smoothed out by von HNeumann

from which 3chrddinger's ani Heissnberg's work can be derivai
a8 a speclal cas2 1s call=sd gquantum mschanles. Quantum
mechanics requires a mathsmatical tool which will generate
values; and will thus te &bls to dezl with what Margenau
cagll=i ths latzsnt otsarvablsas of ths microscopic worli.

This mathsmatical tool is call=d an operator. If an opsrator
(a2 mathematical symbol directing an operztion) is given,
there are certain functlons which when operated on by the
opsrator yield a constant multiple of their former sslvses,

In the eguation ;V(x)=d¥(x) "3" is ths operator and "q"
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is ths constant.19

bout osur universsa,

FU

in nature can b2 dsalt

cannot be cconcelved in physical

Helsenberg as we have =

s

=ims=1lf to austere math=matical

of the uncertainty

o

=3

in ths probabilit

Ars not probebilities math

know the

we now, only way

nal=

of s3ta

plcturing the 1
natures in terms cof

Tne raesult of an
particle g en»rull
1ist of varlous
beforshand.

O‘a(u

“Jvartq=1ass,

the same individual
an enormous numpber of times

virtual certelnty.

V]

B

¥ such things as a physical

to

)

Mathematics,

This indicat=ss

2
=

thus, ylelds information

that certain things

with mathematically, =sven if they

terms.

had troubls co

niining

functions. In his statement

ths momentum and oposition

alsetron cannot be

hos2 who smploy the mathsmatical th

orinelpls another manifestation of the mathema

gtical concspts?

3

d

in terms of probabilities.

manlatory ths accsesptance

sties and prorab

There is simply no satis
undamental

spacse

the statistieczal results of
axperiment

2scrlive microscople

known at

sory

¥ assoclated with the uncertainty

ticzl in nature.
aAs far as

phsncmsna

Juantum thsory would sesen

e

of these following three

win

to demand a place 1n rsality for ths mathematical

11ity:

factory way at all of
atomic process=s of
anid time ani causality.

vidiual atomic
Cnly a
known

msﬂt on an 1
t be predic
23ulis may

nii
tod.
Jol=)

performing
over and over again

may te predictsd with

16
Hargsnau, p. 333.

17
Hoffman, p. 181
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The probability wavses ars deseribed by the mathematical

th2ory as having what Reichsnbach calls thing-character.

Thus, thes waves thsmsz2lves ars the ultimate facts in nat.ure.l5
The mathematical theory nas be=n taken from its birth

in Grecian times to its success in quantum physics, and

has thersby besn glven an historical definition. The

logical conseguencss of its basle premise that the ultimate

entity of nature is form havse b=sn diiscusssi eni brought

to lignt, ani the sense that its meaning is still incomplete

nas tz2n obtainzi from the historlcal definition.

3pscific Concepts in Physies as Describ=d by the

Mathematical Thsory

The mathematical theory prsssnts the concepts used
in physics in & characteristic manner. Although its concepts

lack the discrete, definite quality of thoss of the physicel

(

4

theory, they perhaps make up in complstsneas what they lack

in ease of handling. A typical example 18 ths slzsctron

&5 dsseribed by the mathematical thszory. This "modsl”

of the electron is bound up in wave and provabllity consilerations.
Zvidence for an slsctiron being a wave was glven Dy

L. deBroglie in 1924, Hs describsd the outcome of comblning

the thsory of rslativity with Flank's guantum idea. Ths

snergy of a system, according to Planck and Bohr, was rslated

to the freguency by:

18
Reichenbach, p. 22.



In this equation "h" i1s Flanek's constant.

assigned a vibratory nature

This step is ty

"
we

i

bsecause 0

1t can be mechanically

will ses the hypothstical vibration as a wav

&5 an up and do

i
=~

theory of

obsarver. "y"
Here "y" i1s the
of light.

we have:

plcal of the

not

wWn movemen

is

to an =

ask now

maintained."

i

t. The wa

observer s vslocity

Row if ths ZLinstsin mass

isBroglis then

lzetron cf freguency-; .

this can be visualiz=3 or how

18 4 moving observsr

rather than

ve according to the

slativity moves with a velocity of "V" for the

H_n

and "¢~ 1is th= speed

energy equation 1s employed

EZ=me?2
From the above egquations:
L ) J v =
ny=mc=, c==vV &ani
my=nvV or V=h
VY av
anl finally using’\ zs wave lenszth we havs, sinceQ =Y,
v
-h_
zv
this means that an electron of mass m has associatzd with
t a wave length o . OCould an slesciron be a wave? If the
19
Margenau, p. 318.
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2lsctron were a wave it could be diffracted and perhaps
polarized.

In our prsavious discussion of physical theory we saw

iment Ty

EU
_b

U
b

that slsctreons hai baen diffracted in an o}
Davisson and Germer by a nickel crystal to give a diffr
pattern similar to ths pattern producsi by X-rays. From
the pattern which was obtained the wave lengths of the
elezctrons could te computed. These computations wers 1n
agrasment with dsBroglis's formula. Zlsctrons were later
diffracted by a German named Rupp. He used an optical
ilffraction grating. lLater experiments showsdi the possibility
of polarizing eslesctrons. 2¢ Electrons, at this point, had
all the normal attributes of a mathematical wave

Electrons were given ancther esssential mathematical
interpretation by Schrodinger. They were given a meanlng
in terms of the part they playei in Schrdiinger's thesory
of the atom. He finally 3=v=2lop2i &n slesctrcoen that could

be 2xprsss2i in mathematical terms, anl that iii not "

Jjump"

from orblt to orblt to proiuce light whose wavelengths
coulil be used 1in making up an energy lsvel diagram of the

atom. 3Schrdiinger’'s slesctron was a mathematical function.

How couli it jump? 3chrodingsr =xplainsd ths spectral lines
a8 svidsnce of the beats in fregusncy, of what he ecalls
the\f(psl) gssence, A fuller iiscussion 13 requireil to

grasp the Schrodingsr concept of the elesctron.




wnsn 3chroiinger first prsssnted ais taeory, he gavs
nong of 1is logic nor 3iii hes sxplain how it grew in his
£ind. He simply "reminded his rsaisrs that a csrtain well-
known mathematlecal process yiz=lds series of numbers which
might be used as quantum numbers, abruptly wrote down
the weve equation now know by his nams and proce=dzi forthwith
to exirect from 1t a maznificent solution of ths erucial
nydrozen problem."”l Let us try to ses how 3chroiinger

rrivei at his solution. Schrodinger wanted a good mathsmatical

theory of the atom. He realized that he nesded a mathematical

tocl which would gensrate th

{¥]

guantum numbers in a natural
mannsr. The pnysical meaning was unimportant., s havs

seen in our discussion of ozerators that opsrators will
gsnarats valuss which are proocertional to the functions

upon which they opsrats. 3ehwrbddinger could uss the mathematical
tocl, but h2 nesded more insight into the problem. A
considsration cf the phsnomsnon of vibration is neei=di to
coxpreh@nd Schrodinger's insight. Vibration in a system
fix=2d at both snis takes placz only in wholz numbers of
segmenta. Likswise, a stezl ring may vibrate in only whole
number units. An 2lsctron's orbit a2rouni the nucl=us is

a type of ring. Ths whole number units in which it vibrates
ars wave lengths, characteristic of the orbit (not to be
confusad with wavelsngths prolucsd by electron jumps

from onz ortit to another). If the deBroglie wave langths
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of the waves accompanying an =lectron in a Bohr ortit 1is

zths come out Jjust what they should

be 1f the orblit 1s made up of whols wave lengths. 5chrgiinger
aaw that the vibratory nature attribut=ad to orbits of thse

o

Bohr atom indiczt=ss the uss of a wavs =guation. Wavse
2guations hai bsen ussd to dezcribe other vibratory phenomsnon--
strings, organ plpes and electro-marnetic waves. Schraiinger
also knsw that a wave equation if operated on propsrly would
generate values which might be halpful in hils theory of the
Thz originality of 3chrddinger's theory was that the
wave sguation was not applisi to an ordinary vibratory item.
It was appli=i to an "eszence" filling space wnich was called
thes \f easence. When 3chrodingser applisd his wavs sguation
to thely essence, he 314 not immedlately sélve ths hydrogen
atom problesm. The freguenciles of thel{ 233a2nce wers the
frequenciss of the rungs of the Balmer ladder, not the

n rungs,., These differences

=
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in fregqusnciss wers the only fregusncies that appsar in
ed for by any resgonsible

te2 elsciron

84

t
theory of the atom. The spsciral lines indlc:

hey re

ct

0]

umps. If the 2lsctrons dii not jump how were ponsible
Tor spsctral lin=ss? Ths oll elsctrons were zone. Hofifman

says "they haei been swallowsi up by the new Y esssnce, a
2

v

vibrant smear of 2lectrons surrouniing the nuclsus.”
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dinger still had to =xplain the spectral lines which
were diffsrencess in frequency. Hs did this by employlng the
concept of the beat. A b=zat in music shows up when two
iifferent frequencies alternetely cancz=l ani r=inforece one
another. B5chréiinger's’y esssnce vibratess with fregusncies
which are the rungs of the Balmer ladder. The various

beat Tregquencies of ths Balmer rungz fr

0}

gusnciss turned
out to be the sxact diflfersnces in frequsency which werse
required by spsctral analysis. His thecory was a success
anl the electron was no longer a dsfinite physical particle.
When Schréiinger complsted his theory the elsctron wes
smearad. The'w’essence nas been intsrpreted as the density
of the smesar.

Sehrodinger's idsas brought problsms intoc the mathematical
zlsctron theory. 3chrodinger introduesd packsts to give
his sl=ctrons position, but the packets did not stay
together. A sscond after an slsctron's position was stated

it was lost again because ons could not know the motion

ani position &t the sams time. For this reason Bohr saw

Scaniingar's waves as probability wavass., Its positicn

was known less and less well &s time went on after stating
its position. Its posltlion became rapldly spreadlng
probabllity.

SchrZiinger's tims equation gives the state of an slsctren

at any tims il 1ts valus &t on2 time is known. This sguation
involves an operation which gensrates valuss of ths type

wo discussed. It is given as follows:
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Hd)-ik%%

whers H 1s a differential operator, () signifles the state
of the equation and k equals a constant.2)

The mathematical electron grew away from physical
concreteness due to Schrddinger's work. In his thesory of
the atom the 2lsctrons becams a vibrant smear surrcunding
the nuelsus.24 Behrddinger's elsctron can only be spoken
of indefinitely if we insist on physical terms; for Schr%iinger's
glectron is basically a mathematical entity described by
his wave equation and his time equation.

Methematical space-time has been previously discussed:
however, since 1t reveals the characteristic way in which
a méthematical theory presents a concept used in physics,
we will discuss mathematical space-time in detail. Space-
time as pressnted by Einstein's theory had a continuity and
a chrono-geometrical character which made 1t basically a
mathematical concept.

It is an outcome of the invariance of laws of nature
that if an observer in any Galilean frame (frame where
accelsration effects are uniform) measures ths spatial

distance covered by a body and squares it (to negate the

the spesd of 1light squared times the square of the duration

Margenau, p. >52.

24
Hoffman, p. 115.
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required for the body to move, one will obtain an answer
of invariant magnitude. The preceding statement is clarified

by a mathematical squation. The sgquation 1s as fcllows:

1% 3y 122 -¢234%=35°

The symbol "ds2" is invariant. The "ix, dy, dz"

symbols

2]
'LJ

o1 sent thes change 1n space coordinates betwesn two evznts.
The speed of light is represented by "e". "t" is the time
regquired to go from ons event to another. Ths elementé
of the equation are squarsd in order to obviate the ambigulty
of signs. It do2s not matter what frame an observer occuples;
in every case, iIf "ds"" has a definite value when rsferred
to onz frame, it maintains the same valus whsn rafsrred
to another frame.
The invariance of "ds" brings something absolute into

& world where even space and time change with the observer.
"This was the first inkling we had in Einstein's theory
of the existence oi & commcon absolute world underlying -the

rslativity of physicsl time and space."22 This absolute
sntity that Binsteln discovered was the mathematical "ds"
The "ds" can be deseribed as the sguars of a distance in
a four dimensional continuum (time being the fourth dimension).

It was call=ed the Einsteinian intervel. Ths invariance

1 e

of all measursments in this four dimensicnzsl continuum
led investigators to bszlisve that there was an absoluts

value to the continuum itsslf. The continuum was neithser
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space nor time but pertained to both, "since a distance

between two of its points could be split up intoc space an

ch
'.J-
H
(0}
o
'.h
w
ct
(W]
i
(e}
b
w
=3
e

1 various ways,

n be split u

)

ordinary space ¢ into length, breadth and

l(‘:

height, also in various ways."= The continuum wes called
spaca-time,

What was the geometry of this entity brought into being
by mathematical consideration? Because w2 could write the
equation describing an Elnsteinian interval in crdinary
Zuclidian terms, we are tempted to call the new space-timse
Zuclidien; howaver, for rzascons beyond the sccuz of this
paper the minus sign precsding ths "e2" an3 "t3" indicetsd
that the continuum 1s not guite Euclidian. It was called
a semi-Bueclidian four dimensional continuum with three

positive spatial dimensions and time as an imaginary dimenslon.

@
n

Since time hed been brought into consideration

[£7]

basic in placing an event, & point could not designate
& spot in the four dimensional continuum. A point in space-

time was called a "point svent". A prolonged svent such

.
&

2s5sive instents

(@]

a8 an object ocecupying the same space in suc
or several different spaces in successive instants will

trace out a world-line in space-tims. Ths entity called
space-time brought into belng by mathematical insight,

ive it an a4

=

(0}

wnich requires a chrono-geometry to guats

-
~

description is sasily discussed in mathematical terms,

W

26
i'Abre, p. 195,



For this rezason it has aided us in comprshending the characteristie

-

manner in which the mathematicel theory presents

ct

he concepts
used in physics.

There is 5till ancther thsory of nature which presents
5t11l ancther lozicel view of nature., This thsory is the

oresentation will ccmplsts the deseription

w

functlional theory. It
of the three basic ways of trying to comprehsnd naturs
and will give fuller mesaning to all three theories.

After discussing the functional theory, wes may, thsn,
procesd to investigate the mannsr in which thess theoriss

"
are us2d in individual philcsophies,



CHAFTER III
FUNCTIONAL THEORY
An Historical Dsfinition of the Functional Theory

The functional thsory of naturs considers ths "event”

basic sntity in naturs. This tesrm must be defined

W
J=

to bs ths
gs it 1s ussd in ths functional theory. For the functional
theory it doss not mean simply a happening. The word

“event" has been ussd in this paper to designate & happening;

"svent" must

however in regard to ths functional thesory
msan the prshension of nature. It 13 an sntity which has

nt i3 ths basic thing perceived,.

[y

w

an sssential unity. Ths ev

space and tims from the taint

1%
=

After Whitehesad has cleanrs
of simple location as we shall 3o in this ssction, he defines
the svent &s followa:

The term (prehension) was introduced to signify the
essential unity of an svent, namely, the event as

one entity, and not as a mere assemblage of parts

or of ingredients. It is nscessary to understand

that space-time is nothing else than & system of
pulling togsther of asssmblagss into unities. But

the word_esvent Jjust means on2 of these spatio-temporal
unities.

Whitehead continues to define ths event by saying that it

18 ths baslic 2l=zment in our world of cognizance and that

1
Alfred North Whitehead, Sclence anid the Modern World
(New York: The Macmillan Co., 1G25), D. T4.
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since thers 1s in the world of our cognizance, memory of

the past, immedlacy of rsalization, and indication of things
to come, the 2vent has a past, a present, and a futurs.

This thesory states the laws of naturs in tsrms of the event.
The historical iefinition of ths functional theery of naturs
will bpe somewhat less chronologlically complete than ths
orsvious two definitions. Ths functional theory is nct

tied closely to physical expsriment; therzfore no single
isvelopment in physics can radiically change it. This theory
develops only at infrequent historical intervals. It usually
appears when a synthesis of mathematlcal theory and physical
theory 1s nezded. The functional theory usually devslops

chronologically after the physical theory and mathematical

thsory have appsarsd on the scsns ani have run into difficulties

A functional thsory incorporates both matter and form, but
considers thess entities as secondary attributes of nature.
The functional thesory first appeared in history when
the Grezks bsgan to study medicine and science seriously.
As the mathematical theory superseded the physical theory,
8o the functional theory supersedisd the methematical theory.
Although we are primarily concerned with the theories of
nature as they eff=ct physics, ths functional thsory's
history necessitates digressions into medicine and biology.
Hippocrates saw in the living organism a mechanical
gsystem. This l2d him to belisve that defects in human
organisms were caussed by diseasss which could be cured by
putting the human machine back in order and not by dissasss

which were the inevitable rssults of a curse or of bad luck.
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He, thersfore, directsd hia iisciples to loak for causes
of diseases and to loock for a possible pattern in the progress
of a dissass. Hippocrates was impresssed by the obvious
organization of living things. The organization that exists
in living organisms later becams a pillar of the functional
thecry. Organization indicates that a besing is not just
a group of material particles, these particles are put
together in a certain way, usually for & certain purpose.

At this gpoint aristotls orocessind %o buill the super-
structure of the functional theory upon the foundations
laid by Hlppocrates, After twenty years in Plato's academy,
Aristotle was imbued with mathesmatics and physles. Aristotle,
however, had a longing to examine living things. When after
nis formal schooling, he returned to ths observations of
living organisms, he became fascinated by the ability of
living things to gensrate. Aristotls soon bescame convincasd
that gensration was fundamental in nature. This meant that
the real changes 1ts'properties. As Northrop says, "The
acceptance of the principle of becoming was inevitable; the
principls of being, and with it the physical and mathematical
theoriss of nature, hai to go."2

Aristotls becams impress=2d as had Hippocrates with ths
rganization of living things. Living things sesmed to
2Xhibit a formal as well as a physical existenée. But both

form and matter cannot be basic causss. It is usalsss to

2
Northrop, p. 19.



introduce a formal cause unless & living organism sxhibits
& form which material causes cannot producs. If a formal
cause 18 necesssary 1t changes the direction of motion of

physical ob)scts and becom=28 the cause. If only an extsrnal

force will change the motion of material partlicles, then
physical causes are basices. Elther matter creates foram or

form creates matter; they cannot each crsate ths othspe.

Arlstotle noted this, and therefore iecided that matter
ani form ars sscondary to "becoming”. Both organization ani

o
- » . ¥ 3 4y
gensration ars essential¥yy the modern functional thesory.

Organization comes from the process of abstraction and

". s 1
,ene&t;cn comes from the fact that ths real is & process.
Form and matter could interact because they bescame passive
attributes. Aristotle regardsd naturs as basically a process
in which, "its two majlcr attribtutes (form ani matter) ars
o A 1 n3
syntheslized.

The functional theory of nature in thls stags of

dsvslopment reveals on2 of 1ts primary consequsances. If
the real changes 1ts properties, future effscts cannot bs

predicetsd upon the basis of a knowledge of the present.

Final as well as past ani pressnt coniitions must be known
if one 18 to pradilct. his is the p iple of telsology.

Telcology 1s basically a way of sxplaining. "This type of

explanation is that in which the "Way?' guestion about a

particular event or activity is answered by specifying a

Iptd., p» 20,
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al or end towards the attalnmsnt of wnich the svaent or

(V3
(e}

activity 1s a means,"%

Another outcome of Arlstetle’'s work, which ls a part

of all functional theoriss, is that becau

w

e nature ls essentially
& dynamic unity made up of inseparable attributes the analysis

of pnysics or of othsr scisnczs always involves an elemant

t"3

of oversimplification and falsification. It is impossible

w

>

therefore, to pass from observation to & more real world,

The real world is in the obhservation. The observer must

be satisfied with taking a particular vliew of naturs.

w
ct

Man's only way of ting nearer to an understanding of the
totality of naturs is to cconcentrats on ons aspset ani to
know this aspect in detail. By knowing one aspsct of nature
in detall an appreciation of the unity from which it comss
may be experisnced. This is known &s the method of abstraction
and is the fundamental device used in investigation of
nature in the functional theory.
This theory differs from the mathematical thecry in

the importance attachzsl toc 3snsation. The mathemetical

theory says that the real may be suggested by but 18 not

==
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3

sensation., Functional theory holis that the
categoriass of asclence ars but abstractions from observed
naturs and that the world of sensation gilves real knowlesdge.
After the decline of sclisence which occured in the

Middle Ages as a result of an oversmphasis on the ratlional

4
Braithwaite, pp. 522-323.



(99)

and ths other worldly, the functional theory was brought

agaln to prominencs by Thomas Aguinas. He shifted the

thzology of ths Cathelic Church from FPlatonism to Aristctzlianism,
This shift was partly rssponaibls for the rebirth cf scisnce
bscause it sxphasized that naturs was important in itself.

The mathsmatical theory had s3sn nat

e
Lt

€ a8 & secondary
scurce of knowledge about the universe, A functional theory,
a8 we have sesn, emphasizes the fact that observation of
nature will give real knowledge. 4 functional theory
reigned in Western thought from the thirtsenth to the ssvsnteenth
century.
Galilzo and Newton departel from the functional thescry
and went back toc the physicel thesory which providsi a more
stable basic =sntity. It is iifficult to carry out =xpsrimsnts

and to formulats laws 1f ths object of ths sxperi

B
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part of resality is continually changing. On2 weakness of
the Tunctional thsory as a working theory is that one whe
acecaspts this theory must always be awars of changs--not just

change of the variablss that hs wishes to change but change

b §

of 2very part of hls experiment. The resal is changing in

the functlonal thsory. Cn2 must assums that cartain variables
can be fixed before he can have faith in his sxperiment.

This is ons rzascon’ that many working scientists havs :
historieally shunnsl the functional theory. It is unsatisfying
and unfruitful as a theory for ths laboratcory. This 1s
probably one reascon why Galileo andi Hewton accepted the
physical theory. The pnysical thecry allows one to fix

varlablss, to carry out controllsi experiments, and to
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Tormulats causal laws with assurancs of gatting ns2arsr the
rsal. Newton had a faith in the predicting power of laws
tnat would have been impossible if hs had acceptsd the
functicnal thsory. Onz may f=2=s1 that he is being most
truthful if hs admits that the rezl changss; but this attitude
thwarts man's order-imposing, law-making irive. Therefore
he must act as though certain aspescts of the real remain
constant if his action and law-making is to have meaning.
There is a long historical span bsfore the functional
theory rseturns in full forece tc play a csntral part in
physies. Of courss, this theory was always in ths minis

of investigators, and it served a3 an aii throughout

thes centuries whenever men facsd a iilsmma baczauss of the
inadieguacies of other thecriss. Ws, howsver, will sxamins
the functional theory's progrsss in this cantury bscause

this era has added new m2aning to it. The mschanical theory
ros2s and fell. Zlsctiromagnetic wavses were postulated and
served to explain many phsnomena. Ths physical theory and
the mathematical theory altsesrnately seemed to be the correct
thecory of nature in the centuries between Galileo ani
Zinstsin.

Bzcause of difficultiss that are extsnsions of the
general thesory of relativity, Alfrsi North Whiteheali,
the noted twentizth century mathsmatlician and philosopher,
was led to a functional thsory of nature. His work with

the functional thsory greatly added to 1ts meaning. As

ct

we have discovered, the relativity theory in physical terms

states that mattsr conditions metrics ani gravitational
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petentials, If bits of matter dstermins the metrics arcuni
them, then measursment of long distances, through diffsrent
metrics, wouldi be impossibls.,  Macroscoplc unity becomes
difficult to explain. Whitsheal saw that measursmsnts of
great distances were, inissd, possibls, for mary measurements
had been made of distance between our planst andi other
heavenly bodies, and he dscided that the physical theory
was not adequate. His work gave further meaning to ths
functicnal theory. He deciied that the principls of bscoming
is fundamental in nature as 4id Aristotle. In the particular
cass of the relativity theory, he saw the ne=i for a space-
time relztsdness which was not conditioned by matter.

Whitehead accspted the functional thesory 1dea that
nature is a vast extensive procesas., Abstraction was for
Whitshead the method one must use to derive sci=sntific
concepts. 1In connection with a discusslion on space and time
Whitehead says:

It is hardly more than a pardonable sxaggeration to

say that the determination of the meaning of nature

reduces itself principally to the discussion of the

character of time and the character of space . . .

I shall endeavour to show that they are abstractions

from more concrete elements of nature namely, from events.o
One can infer from this quotation that, with Whitehead's
work, the functional theory had devesloped to & polnt wherse
it couli describe specific concepts in nature (space ani time)

in its own terms. The first abstraction that we must make

>
Alfred North Whiteshead, The Concspt of Naturs

(Cambridge: University Press, 1955), D. 33.
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in our attempt to transform our immedlately sensed knowledge
of nature into specific, communicable concepts, according
to Whitehsad, 1s to assign different parts of "the passage
of nature” to different sets by means of the relation
8lmultaneity. We continue to apply this process of
abstraction until we have definite concepts that can be
manipulated and communicated but that are far from the
sensed reality.

We have observsd that relative simultansity as seen
by Einstein depends on the relativity of time. Whitehead
admits the relativity of simultaneity, and therefors the
relativity of time. However, his relativity of time is not
due to the slowing down or speseding up of rhythmical systems;
it is due rather to the fact that nature is so complex that

"passage of naturs"

one cannot bes surse that the parts of the
are always assigned in the sams way and to the same time
system. Relativity, for Whitshead, is due to the complexity
of nature and not to a physical process.

Space under Whitehead's functional theory has meaning
only in & given times system. BSince time 1s relative
and since space systems &are connected with time systems,
8pace 1s relative. Since the structure of space 1s constant
and uniform for & glvsn time system, metrical uniformity
for long distances is plausible. Whitehead has, thus,
ievelored a theory that provides theorstical support for
the observsd fact that long distance measurements can be
made accurately. But as Horthrop says, "The readsr must

decilde whether a doctrine which places the source of relativity
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in an intrinsic ambiguity in nature's passage and which
admits all t@e relativity which psychological immediacy
sntails can provide foundation for scisntific finiings."3
#nitehead devesloped the functional theory far more
fully than this pressentation shows, howsver, this discussion
has servsi to place Whitehead in the history of the functional
theory. His developmsnt of the functional theory is closely
connscted with his own philoscphy, thersfors we shall
discuss Whiteshead further when we discuss various individual
vhilosophles.
Quantum mechanics and recent work with high energy
particles have fcund a place for the functional theory,
but it is 2 much debated position. Thes functional thsory
has, nevertheless, gainsd added significance from its contact
with quantum theory. Heisenberg's urincipls of indeterminism
brings the conecspt of potentiality into physics. This
principle in3dlcatss that it is the rsal that 1s unecsrtain
and changing and not Just cur knowledge of ths real. The
glactron at a given instant is unlike the elsctron of ons
second later, however, ths electron of a glven inastant
generates the elsctron of one sacond later. Helsenberg
points out that guantum mechanics and recent work with
high energy particlss do bring potsntislity back into

physics. The fact that this book is sc¢ recent indicates

that Helsenberg, who brought forth his prinecipls of indeterminism

&=
6
Northrop, p. 117.
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in the ninetsen-twentliss, has thought a great deal about

this matter and has decided that the functicnal theory has
& real places in recent physics.7
Hzisenbsrg speaks about Aristotle's idea of "potentia"

which we have called the principls of becoming. Hz interprets
Apistotls thus: "Al1 that we perceive in ths world of
phasnomena &arounl us is formed matter. Matter is not =

rsality but only & possibility & "potentia'. With this

ct
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interprstation of Aristetls in mind Helsenberg says the
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He further statss that only in rere cases may thes expectations

bacoms the equivalent of certalnty. The expectations involved

g

are not oblsctive, but thers sxlists an objective possibility

by
(3

"potentia" in ths ssnse of the aristoetzlian philosophy.

{0

Helsenberg makss an interesting polnt in favor of the valldity

of tha functional theory and its "po .

c+

sntia” when applied
to gquantum mechanics by saying that the language actually

used by physicists when speaking about atomic svents produceg

$oda

"potentia".

w
O
1=

in thelr minds notions similar to the ide
The electron orbit is not a reallty but a
The functional theory stressss becomlng and the event as

fundamental in naturs. Helsenberg when speaking of guantum

mechanics spsaks of potentlality, one fTorm of

cs ani Fhilosophy (New York:




&s b:ing fundamental. Ths functional theory bvecause of the

part it plays in guantum mechanics has a fullsr meaning.
The use of ths functional theory in work with high

enargy particles is illustratsd by Heisenbserg in Phvsics

-

ani Philoscphy. H

W

relatzss ths mannsr in which bzsic forms

of matter other than the e2lectrcn, =.g. tae proton ani the

neutron, can be crzatel and destroysd by cosmic raiiations

S

and by accelerators. These sxperiments show the mutability

I8}

of matter. at high energiss particlss can be annihilated
into energy or creatsi from snergy. Matter is potantially
energy and energy 1s potentially matter. Heissnberg peints
out that this situation demonstratss Aristotls's idsa of
"potentia".lC0 mattsr is continually bacoming ensrgy and
en2rgy is bscoming matter. The real universe is, thersfore,
chanzing.

Hdeisenberg contributei an important ontclegical point
when he reinstatsd the concept of potentiality in physics.

enies Binstein's idea that "Gol does not

&

By loing this, he
play dice." That is, he deniss that naturs is an cmnicomplete
uncaanszing object which is obscurei only by the epistemclcegical
limit of the finlts human wmini. Heissnberg strongly indicates
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that natur | 8t be desceribed by
probablilities.

The historical definition of ths functlonal theory

Ibid., p. 159.

10
Ibid.; p. 160,
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has lack=sd the chronologlcal =sxactnsss that characterizsi

the historical definitions of ths physical ani mathematical
theory. This trsatment has also containsid moré individual
1ieas than the other two trsatments. It has, howsver,

enablel us to see the functional thecry in 1its most meaningful
light. We have sssn the functional thesory as a theory that
appears on the sc2ne after & gresat striis in physics has

taken place, anl that expleins the far-reaching msaning

of the striie. This gives the truest statsmesnt of the functional

Specifiec Concepts in Physics as Describsi by the

Functional Thsory

The functional thsory of nature through its interpreter
A. N. Whiteheal admits the r=alativity of simultaneity but
do2s not derive this concesnt in terms of physical sntitles
as d4id Einstein. Einstein uses physical motion or propagation
to define the simultaneity of spatially separat=sl events;
he defines simultaneity in physical terms.

Whiteh=ad's functional theory definss simultaneity
iifferently mainly bscause it states that "thers is an
immediately given fact of simultansity not merely for
spatially cosxistent evaents but for the whole of 'discerned

and discernibls' nature."il Simultaneity is, thus, definsd

3 4
Horthrop, p. 1156.
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in terms of ths immediately given. As Whitshead says,

"The unity of this general present fact is sxpresssd by the
cone2pt of simultaneity. The general fact is ths whole
simultansous occurence of naturse which 1s now for sense--
awarensss,"22 This idea of simultansity can be meaningful
only 1f one accepts the functional theory idea that the
basic concept in physics is the svent. "Now" must have &
definite mesaning. "Now" would have to be the event that
includes a snap-shot of all nature in an instant. It doss,
perhaps, sesm difficult to understand a definite physical
concept such as simultanelty in terms of an intuitively
given "now", however this i1s & necessary consaguence of the
first premise of the functional theory.

In these circumstances relativity of simultaneity arise
from the fact that the "passage of nature" is too ambiguous
to 1nsure that the intuitively given simultaneity for the
whole of nature is the same for all cbservers, In Einstein's
discussion of simultaneity we saw that relativity of simultaneity
arose from physical circumstances and not from within the
observer. BEinstein's rslative simultaneity in physical
terms was based on the constant speed of light and the
relative velocities of observers. The functional theory
relativity 1s based on the incapablility of man to percelve

the whole of the complsx "passage of nature". For the

12
Whitehesad, p.
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functional thsory "simultaneity is an ultimate factor in

nature, immediate for sense-awarsness,"1l3

W

This conclse presentation of the characteristic functional
theory description of a concept used in physics reveals the
vast difference between interprstations of the same concept.
There 1s no right or wrong definition. Both the physlcal
theory and the functional theory develop their concepts of
8imultaneity in a logical manner and both admit the relativity
of simultaneity. The difference lies in the fact that they
start from a different point of view. Are matter ani motion
fundamsntal in nature or is the svent fundamental? This
question can be put into ths backgound; howsver the development
of & satisfying individual philosophy reguirss an answer to

d+ae
1 & > = o ~
this guesticn. It does make a diffsrsence in ccnclusion as

Another concept in physics which ths functional theory
describes in & characteristic manner is the electron.
The functional theory would not be at all troubled by the
wave-particle controversy. L. dsBroglie's statemant concerning
the possibility of assoclating a wave with an electron is
entirely compatible with the functional theory. This theory
has a logical =xplanaticn: ths wave-liks charzacter of a
it of matter--ihe elesctron. Ths functional thsory sezs
the wave aspect and the particle aspsct as two manifestations

of the same entity. Fartlal, sesmingly contradictory,
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visws of nature are a natural consegusn
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theory's idea that the real is ths whele of naturs at an
instant ani that ws can only gain fragments of insight.
Since, accoriing to the functional thecry, ons can never

expset to ss2 the whole of nature, one must be satisfied

L&)

with & partial slightly felsified view. Aristotle's

concentraticn on a particular part andi knowing it in istail--
that 1s his method of abstraction would apply toc the =lsctron.

Ons cannct =2xpect to view the whele elsctron in an instant.

(o §
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One must satisfled with a partial view at a particular
time. In ons situation the =2lsctron will appsar as a
ways and in ancther 1t will appsar as a particls.

The esisctron of thes functional thecry of nature is
potentially a wave, or a particls, or ensrgy. Since the

real 1s changling, ths slsctron of t

hlzs Instant which 1s
making & spot on & zinec sulfids scrsen and acting like a

particls may 1in another instant be diffracted and act like

(0]

a wave. The idse of potentielity which Helssnberg has recently

stressed ha saring on the functional thsory's concept
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of matter in gensral ani elsctrens in partieunlar. Ixcapt

ct

for thelr gresater stability, elesctrons couli, if the functicnal
theory's visw 13 corrzct, be creatsd ani dsstroyel by acczlerators
Just as have th2 smaller less stabls particles., This, of

cours2, has not bssn done. OCne problem connected with the
functional thecory's 2lsctron is that the chargs on an elsctron

8, to the best of our knowledge, a constant. If thls real

slectron 1s changing as time progresses, how does the functional




theory explain the apparently constant charge. It seems
that "conatants" must be regardsd in the sams manner that

objects weres regarded by Whitsheai. That is a "constant”
is something that apoears unchanged in different events.
Ths rszl changes because everything around the “constant”
changes., The entire picture changes sven though ths same
istail appsars in each succsssive plcture. The sntirs elszctron
changes ani the "constant" is in a 1ifferent contsxt each
time we ss2 it. In this mannsr an svolving reality i1s compatible
with the sxistences of a "ecnstant", ani thz slsetron of the
functional theory can loglcally exist as a changing entity
with 2 "constant” feature.

The electron of the funeticnal thecry is potentially

ensrgzy, ani it is potsntially in various position ani

momentum statss. It 1s a changing entlity.



PART II

INDIVIDUAL PHILOSOPHIES
OF
PHYSICS



CHAPTER 1V
LInIS0ON

Wwhy, after a2l1l, have we gone to such great lengths to

ieseribe the various ways of viswing naturs? Are nct these
ly tools which are usei by those
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thecries
who wish to form a philosophy? The answer to these gusstions
is that ones must really unierstani ths possible ways of
looking at naturz befors ha can appraciate how others havse
philoscpnizedl about nsature or vefors hes can philosophizs
for himself.

Fhilosophies ars 8¢ tlesd to indiviiuval men that they

can never be unlderstocd &s & group. The number ani the
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sub jective nature o hilosophiss of physics maks any synthesis
of them & loomei effort. An approach to understaniing
philosophizs of nature is to try to see objisctively the

ideas ani esvidence which every iniividual has at his disposal.

This is the reason for the prsceding detailsd discussion

of theories of nature. But no instructivs or even interesting

g
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purpose is served in listing endlsss facts and definitions.
P =

ts and definitions must bs abscrbed by individuals,
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cclored with subjsctivity, synthesized, humanized, and

-

presenteal &3 a2 phllosophy befors they stimulate discussion

-

and becoms a vital part of the individual intsllzct. This

N

i3 the reason for the following pressntations of individual

-






CHAPTER V

THE PHILOSOPHY OF HEZINRY MARGENAU

4.

We shall begin our survey of individual philosophies
by discussing certain aspects of the philosophies of our
contemporary, Henry Margenau. Henry Margenau in The Nature
of Physical Rsality pays tribute to the physical theory of
nature by stressing the importance of cempiriczl evidence

in our investigation into the workings of nature. He alsc
recognizes the ilmportance of ratlional reslationship which
the mathematical thsory of nature strssses.

Margenau forms his philosophy of nature in the procsss
of ssarching for a meaning of physical reality. He finds
that historically "the real" has had certain rather vague
meanings attached to it. He says, "An appraisal of the
meaning of rsality, as the word 1s commonly understood,
recognizes three vague critsria: the permanent, the
"thinz-1iks", and the efficacious in human experience."l
These indefinite words are not satisfying to the scientifie
mind; thersfore, Margenau begins his search in earnest by
investligating ways science has of arriving at reality.

Selence, however, se=zms to be able to designate what is

1
Margenau, p. 10.
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resal without giving a meaning of physical reality. Seclence
functions in two ways. It collscts data and it develops
theoretical systems. There is a tendency for advanced science
to form theories; thus Margenau feels that an examination
of the epistemology of theoretical scisnce will aid his
search for a meaning of physical reality. In the course of
the examination Margenau's philosophy of physics evolves.
The examination begins with these questions. "What
1s immediately given?" "Can we despend on our senses to
report the real world?" "Are physical objects, which we
sense, a3 basic as the physical theory would have us believs?"
"Is there & certain validity in the information given us by
our senses?” and "What meaning can be attached to the concept
of primary and sscondary qualitlies, which sugzests that
perhaps our ssnses make us give the real world false propertiss.”
In the course of answering his questions Margenau
discusses the meaning of the breakdown of classical mechanics
and the value of the gquantum theory for our interpretation
of the world. He feels that classical physics 4id not
corrsctly discuss the immediately given because it failed
to include the observer. 1t separated the spectator from
the spectacle. Quantum physics accepted a loss of definition
by substituting probabilitiss for preceptions; but it brought
the spsctator back into the immedlately glven. Margsnau
fesls that the lmmediately given must be sought within
experience and 13 not contained in an abstract world beyond
this world. In this area he draws not only from the physical

theory, but also from the functional, which emphasizes the
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all inclusive event as being thes basic entity in nature,
Experience, in the form of immedlate experience and sense
data, 1s shown, by Margenau, to be the terminus for cognition.
However, Marganau continues, one would not reach a
philosophical point of view if he merely collected sense
data. The data must point to something more meaningful.
Margenau notes that the epistemology of theorstical science
includes a way to get from experience to concepts, which
he calls the "gggg of correspondence”". The concepts which
embody and correlats sense data are callsd "constructs".
The constructs are rationalizations of experience and as
such they show the place the mathematical theory plays in
Margenau's philosophy. ecall that the mathematical theory
stated that the real is rational. Experience, in becoming
complete and intsgrated, moves from the sensory and spontaneous
to ths rational and reflective.
Rules of corprespondence ars difficult te dsscribs.
They are not traffic directions which tell one just how to
get from one place to another and they ars not necessary
steps of logie. They are step-by-step processes which enable
one to pass from sense data to construets.
The rules of correspondence, are not sternally grounded
in the nature of things, nor are they immedlately
suggested by sensory experience; they are important
parts of every theory of nature and recelve their
validity from the consistency, the internal neatness

and success of the entire sxplanatory scheme."=

Margenau's system of sense data, rules of corrsspondence and

2
Margenau, P. 73.
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constructs is 1llustrated by the following mcdel which

appears in his book:

C-field P-field
(o? P 'lml(’ oy "'{t‘"‘) :
R | o ’
P
®) o R

Fig 54 . Tiustration ¢ Connections petween Margenqus

Cons t¢oucts sense-data and vules of corres pondence, (‘%W")@ngﬂ
Thenatore of Physical Reql:idf lidg ,p. t06)

Cne can ses that the rulss of correspondence lead from

the plane of perception to the constructs and that they also
servs a8 connecting links betwesen constructs. Thers is

haziness about the immedlatsly given which helps make sense
data incommunicabls. In order to put knowledge in an

understandable, communicable fo
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from data, on the plctured plane of perception to orderly
knowledze via the rules of correspondence. The constructs
which are formed, and into which our knowledge of nature

fits, 1llustrate one nmajor use of the mathematical theory.
Margenau finds a crucial use for ons of the basic entities

1

of the mathematical theory-form. Form in Mergenau's

(1))

philosophy is reguired for the purposs of communication.
Constructs, beling raticnal, show another facet of their
connection with the mathematical theory.

Constructs, Margenau says, are not completely determined

serception. "To be acceptabls to science, as to common

sense, constructs must satisfy two kinds of demands.
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The T

|=te

rst is a formal sort: it requires that every sxplanatory
system possess a consistency and a loglecal fertility which
ssnse data alons do not confer."” This first demand is a
demand connected with the mathematical theory and it is
concarned with form. Margenau in his invsstigation of the

eplatemology of theorstical scisnce says that this demand

7]

makes cartain "metaphysical reguirements" for constructs.

3

Some of these requirsments are the requirement of logical
fertility, the requirement of permanence and stability,

the requirement of =xtensibility, that 1s applicability to
many cases, and thes rsquirement of multiple connsctions,

that is the abvility of the construct tc be formally connscted

with other constructs and epistemologically connsctad with

The seconi demand on constructs 1s empirical verifiability.
This demand is svidence of & connection between Margenau's
philosophy and the physical theory. Margenau does not allow
rational forms to assume kinship with reslity unless physical,
empirical sense data support ths validity of the rational
concept. Zmpirical confirmation confers validlty upon
rational systems of thought. After cne has gone from the

plans of peresption via ths rules of correspondesnce to ths

(&)
b

area of the construct, he must be able to go back through

¥

ths rules of correspondence to the plane of perception 1if

hils system is valid. This rstracing of. steps i mpiricsl

w
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verification., But how can one tell if experimental and
theorstical values agree? There is always uncertainty of
measurement. Margenau solves the problem of how to find

out when experimental verification sxzists by stating that

agreement is reachsd if external and internal convergence
of experimental data indicatess an approach toward the

theoretical value, Internal convergence exists if a great
number of observatlons converge toward a mean. External
convargence sxlsts if as different instrumsnts ussd to
det2ct the same quantity are madse more and more precise,
all thelr readings point to the same value.

Margsnau, while tracing the epistemological development
of theoretical science, has developed a philosophy of physies.
His tracing may have besn as factual as possible but his
conclusions are individual. Hs belleves that both matter
and form are essential in nature; however, he never clearly
designates which plays a sscondary role in nature, nor does
he seem to support the functional theory which we have seen
seems to be the only theory in which both matter and form
can have the same status. Margenau desvelops & philosophy
in which both form and matter play a definite part. He
is not concerned with proving which of thess is basiec.

He also belisves that thes spsctator can never be spearated
from the spectacle., He has been 1lnflusnced by all three
theorles of nature. He never really chooses the entity
which he considers basic and because of this his philosophy
appeals to all readers, but never really gilves a view

if nature which can be reconciled with the impossibility
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of giving both form and matter the same status. Matter,
form and the svent cannot all be basie. We have seen in
the discussion of the theoriss of nature that matter, form
and event are mutually exclusive candidates for ths basic

entity in nature. The principls of parsimony dictatss that

ct

nere is no Justification for introducing a formal cause

in addition to the material cause, unless the universe
sxhibits an organization which the physical cause alone
cannot producs. If an organization of this type existed then
the formal c&use would bz the only and the primal cause.
Margzenau dismissed the basic differences betwesn physics

of continua and physics of discrete systems; that is the
physles of a complstely mathematical thsory and the physics
of a complete physical theory, by saying:

Two alternatives with respect to the structure of matter,
contlnulty and discrsteness, have been recoznized in

the earlisst stages of science and have at all times
inspired controverslies. . . . The question then is not
whether matter 1s continuous but how theories succeed
when they regard as a continuuﬂ the construet which

they take to be their systems.

This 1s a pragmatic view of reality and eliminates the

(B

necessity of giving theoretical svidence for making continuity,
or discontinuity--form or matter--basic.

Margenau says that science both explains and describes
the universe. It does this by isolating "systems”, in

definite "states" which contain "observables." HNature is

described or explained by choosing a set of observables

Ibid., p. 184,
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which define the state of the syatem. The main differsncss

in the physics of continua and the physics of discrete systems,
Margenau says, 1s the differsnce in the systems in naturs

they use and the differences in the mathematics thsy employ.
This idea 1s part of his philosophy of physics which attempts
to describe the nature of physics by describing what physics
does.

Margenau's philosophy of physics 1s concernsd with
the role of models in science. This concern leads him to
a highly individual view on ths particle and wave controversy.
He states that there is no dualism. "Elesctrons and photons
are neither particles nor waves.'™ Margenau says that we
cannot bulld a model of electirons and ghotons in terms of
the visual items we see such as cold, black, wave and particle.
He believes that it is entirsely consistent that an essentially
invisible sntity like ths electiron can not be described
by a visual model.

Margenau comments on spacs-time, causality and probability,
thermodynamics and statistical mechanics and each of these
gections adds to his philosophy of physics; howsver, our
purpose was to note in general terms his individual view
of nature. Since this has been accomplished we shall,
perhaps unjustly, forego a detallsd description of the
extensions of his general philosophy. We shall continue

our investigation of individual philosophies by discussing
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the philosophy of Sir James Jeans. Jeans, of course, differs

from Margenau in his use of the theorlss of nature.



CHAPTER VI
THZ PHILOSOFHY OF SIR JAMES JEANS

Slr James Jeans builds his philosophy on one d=finite
theory of nature. He has accepted the mathematical thsory
of nature in a rsstricted form and has us=d it as a founiation
upon which tec build his philosophy of physics. He answers
the guestion, "What is physies?", by examining the naturs
of knowledge. His answer toc the question, "What is physies?”
reveals an interesting feature of philosophiss of scisncs.
They can best be presented in an indirsct method. Margenau
reveals his own philosophy in the form of a supposedly
objlective investigation of the naturs of physical knowledge.
Jeans glves a supposedly objective definition of physics,
Both these men are asking the same question in different
ways and they both obtain different answers. We have seen
that Margenau found physical knowlsdge to be inseparably
physical, mathematlical and functional. Jeans finds that
physical knowledge 1s basically mathematical. I, myself,
have approached the topic in an iniirect manner. I pretend
to begin by giving objective definitions of the different
basic ways of looking at nature. I too reveal my phllosophy
¢f naturs by choosing the method of approach as the reader

will soon discover. The interesting point to note is that
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physicists approaching philosophy of physics try sincerely
to beglin objsctively, but because philosophiss in entirety
are completely individual they ravsal thesir points of view
in the cholce of approach and in the answers they give which
are supposed to be the answers at which any logiczl man would
arrive.l

Returning to Jeans and hls definition of physics, ws
gee that Jeans begins with peresptions as d4id Margenau. He
says, however, that we perceive complex ldeas from our five
senses. Visual 1deas, avdltory ideas, tactile ideas ani the
1ike are mix=sd with ideas of acssthetic beauty and free traie.
These ideas need to be correlatsd and categorized before they
ars useful for scientific manipulation. By noting number
and quantity categories can be made. "We are laft only with
fundamental i1deas such as number and quantity, andi idesas which
have entered ocur minds through tne two senses sight and

touch."?

Jeans feels that visual 1deas ars more precise

and "pure" than tactils idsas. He sees what we have called
the mechanical visw of nature as a manifestatioﬁ of tactile
idesas, which ars, somehow on a lower level than visuval ideas

which are associated with geometries and the mathematical

1

The ghosts of those who passed before must be convulssd
with laughter at my attempt at objsctivity.

2

Jeans, p. 1ll.
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theory of naturs.> Jeans, however, separates gesometrical
sxplanations of naturse from mathematical explanations. He
fesls that geometries are basically plcturss andi that mathematics
1s concern=d with relations. The formalism common to geometries
and mathematical equations is not seesn as sufficiently strong
to hold the two forms’togather in one theory. Jeans concludes
that dus to the complexities of ideas received we can never
hope to know the meaning of the ideas. We can only sees the
mathematical relations, therefore, for us the mathematical
theory 1s the most valid theory of nature. Jeans says that
physics tries to:

« + « discover the pattern of svents which controls

the phenomena we observe. But we can never know what

this pattern means or how it originates; and even if

some superior intelligence were to t211 us we should

find the explanation uninteslligible.

As a continuation of the discussion of the relationship
betwezsn philosophy and physics Jeans attempts to find out
now we know--not Jjust how we obtain scientific knowledge.
Both he and Margenau feel that eplstemology leads to knowledge
of those things perceived. Margenau limitei.his investigation
to a study of how we obtain scientific knowledge; however,
both he and Jeans find that eventually both empirical and

rational knowledge must be examined. 1In the courss of a

liscussion of how people have known in the past, Jeans touchss

3
We have seen this distinction in the historical definition
of the mathematical theory. We saw that mathematical forms
have historically been considered purer and finer than physical
mechanical ideas.

4
Jeans, p. 1l6.
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upon thes mathematical a prioril knowledge claimed by the
Gresks, Descartes, Kant and all sxpounders of the mathematiecal
theory. He also touches upon the empiricists such as Locke,
Hume and Newton who held that sxperience--usually with the
here and now--was the sole source of knowledge. Jeans
concludes that a priori knowledge has a certain unreliability
as evidsnced by the fact that predictions of physical events
bassd on a priori knowledge often do not hold for macroscopic
and microscopic worlds. He suggests that our "a priori"
knowledge is knowledge based on experience in our own medium-
slzed world, ZHuclidian geometry, Jeans points out, was at
one time considered, because of a priocri knowledge, to be
absolute--then came relativity and non-EBuclidian gsometry

and the absolute aspect dlsappeared.

Jeans accepts a restricted form of the mathematical
theory because he ioes not belisve in the efficacy of a
priorl knowledge as dld Plato and Descartes. His separation
of geometries and mathematical relations should lead us to
suspect that he would not use all formalism in the same manner.
He stresses mathematical relation as being fundamental. He
agress with the empiricists that our sole source of knowledge
is experlence; but he does not consider the things we observe
as basiec. Although he stresses the valus of experience
as does the physical thsory, he cannot be sald to have
accepted the physical theory bscause it states that things--
matter and motion--ars basic anl Jeans states that relations
between things are important. Jeans makes this c¢lear 1in

the following:
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We have sesn that knowledge of the sxternal world can
come through observatlion and sxperiment. These tell
us that the world is rational--its events follow one
another according to definite laws, and so form a
regular pattern. The primary aim of physics is to
discover thlis pattern; we have seen that_it can be
dsscribed only in mathematical language.-

The whole history of physics is traced by Jeans. He
bzgins with Plato, discusses the men we have dlscussed at
various times, Newton, Einstein, Planck, Ruthsrford, Eohr,
Heisenberg, deBroglie, 3chrodinger and Dirac. From hils
handling of the history of physics-one can discover that
Jeans progressively loses hope of finding the bvasic entity
in naturs. Hs has to settle for a discussion of the basiec

entlty in cur knowlsdge of nature. Upon viewing the history

of physies h= becomss convincsd that we can nsver know what
is bshind our knowledge. Ws éan only guess., His guess

is that mathematical relations are basic in nature 1tself,
but hls philosophy does not centesr around this notion.

Hls philoscophy centers arocund the idea that mathematical
relations are basle in our knowledge of nature and that we
can describs--not explain--the happenings of nature in mathe-

matical terms. He brings in th

b

functional theory 1ldea

v

that all our knowledge of nature is apstraction from the
real whole under the topic of uncertainty. H=s states that
the manner in which we divide up space-time is private and
sub jsctive.

That 1t 1s impossibles to sxplain nature itself 1=z, for
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Je2ans, not a dogmatic statement. It is a rssult of his ideas
of perceptions. Any time we want to go beyond predicticn
of phenomena to understand them, we 2xpress a desire to

.

50 beyondl mathematical symbols to a concrate msaning

Thls involves developing models and pictures, but any model

or plcturs that is intellizgible to us must be made up of

ideas alrsady in our minds, Thsse ideas, as Jeans states

garly in the book, have entersd our minds through the senses,

and are thus not clear, precise and communicebls. For this

reason we cannot have exact knowledges of the basic 1n naturs.
Ferhaps az discussion of Jeans' views on causality will

serve te 1llustrate certain points of his philosephy.

He says that Newtonian physics presentei a totally causal

worli., The position and velocity of & particls hers andi now

determined where it had been and where it was going.

Relativity theory also describes a causal world. The past

1ii not cresate the futurs., Past, present and future were

not sharply divided and were all part of an unalterable pattern.

Quantum theory, at {irst seemed to upset causal theorles,

ure path of a particle

chk

according toc Jeans. BSince the fu
in quantum mechanlics had to be deseribed in probablility terms
the only way to maintain causality was to posit & sub-guantum
system in which causality reigns. Howevar as quantum theory
grew wave mechanics and matrix mechanles eveclvsi. "The
mathematical eguations of both forms of the new quantum

theory, ths wave mechanlics and the quantum mechanics, are
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completely deterministic in form."® Jsans points out.
These equations indicate that the world is merely unrolling,
but the unrolling, for Jeans, is not the course of events

but the course of our knowledge of svents. "Causality
disappears from the events themselves only to appear in

our knowledgs of events."! The characteristic ghilosophicél
conclusion that Jeans makes is that there 1s causality in

our knowlsdze of events, due to the form of the eguation

we use to describe the happsnings of nature, but it is a
meaningless question to ask about the causality of the events
themselves,

To further illustrats the implications of Jeans'
phllosophy of physics we shall sxamine hils views on ths
wave-particls controversy. We have seen that thsre has been
a good deal of evidence that radiastions ars wave-like.

There has alsc been evidence that radiations are particle-like.

N#e have also seen that elsctrons can be seen as a wave or as

8 partlcle. Which visesw of radiation and elsctrons is correct?
Jeans answers that they ars both correct. He says, "the
wave-pleture ani the particle-picture do not show two different
things, but two aspeets of thes sams thing. They ars simply partial

picturss which are appropriate to different sets of circumstancas."a
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Jeans sses the two views as complesmentary rather than

additive. We have seen that Jeans regards all mental

pictures as imprecise aids to understanding nature. Hs

gays that the waves have no material or real existence apart
from oursslves, and are not constituents of naturs but of

ocur sfforts to understand nature. The mathematical formulae
which these waves try to describe are unalterable and basic,
according to Jeans, but our plctures, the waves, can change.
The particles are also imprecises picturss to aii our compre-
hension, but of the two plctures J=ans, aimittedly without
conclusive svidence, favors the wave &8 belng nearer reality.
This again shows that Jeans 1s orientated toward the mathe-
matical theory and tends to see reality in mathematical

terms. After he reveals the manner in which the success

of a particle-based picture of nature has in the past led
people to the bsllief that nature was really like the successful
pletures he says:

Now that we find that we can best understand the course
of events in terms of waves of knowledge, there is
a certaln presumption--although certalinly no proof-- a
that reality and knowledge are similer in their nature."”
Jeans does not exclude the importance of trylng to
understand and give meaning to physical terms, although
the past progress in this field has discourageliiaim. He
ia not, however, & positivist; he does not belisve that we

must stop thinking when we have given relations to events.

Jeans admits that the physiclst cannot clothe his mathematical

g
Ibii' » p. 203.
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symbols with thesir true physical meaning; but hes belleves
thaet physics and philosophy "may properly engage in joint
discussion as to their possible meanings, and the most
probable interpretation of the pattern of events."10 e
coriclude our discussion of Jean's philosophy with this open-
minded quotation because open-mindedness and a willingness
to admit any new ideas 18 characteristic of Jeans' whols
philosophy. The positivist would not agree with the
quotatlion. They do not :wish to go bsyond descriptions of

relations as we shall sse in the following chapter.

10
Ibid., p. 82.
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A man who definitely fits into Jean's ecategory of
men who do not wish to go beyond descriptions of relationships
observed in nature is Phllipp Frank. In order to obtain
insight into Philipp Frank's individual philosophy of natural
scilence, one must realize that he is a product of a definite
"school" of thought. This is the positivistic scheool.

Frank calls his philosophy "logical empiricism"; howsvsr

it is basically an extension of Comte's positivism as interpreted

by Mach.l

Comte believed that all knowledge cams from the senses.
Not only color, sound and sm=2l1ll, but also the inter-reiation
of sense data was part of the knowledge given by the senses.
He belleved that eventually each science would formulate
its laws in terms of relations. Descriptive formulase would
replace sxplanaticns. The "whys" and "hows" would not bs
answered. Comte postulated the "law of the States" which
applied to all human thought; but which we shall pressnt

in terms of sclience. The first state according to Comts

was the state in which humans made all explanations of phenomena

1
An Austrian physicist of the latter ninetsenth century.
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in terms of theclogy. In thls most primitive state man

spoke of demons and gods causing natural events. In the

second state phenomena were explained in terms of deperscnalized
forces and powers. This is the metaphysical state. The

thiri stats is the positivistic state in which phenomena

are merely accuratsly described. No secondary, causal
explanation 1s made.

Mach tock the philosophy of Comtes ani revised and added
to 1t. Mach cutlined a program for rsducing laws of scilence
to percsptual elsments. He adled an interesting view of
theoriss. He saild, "The aim of natural science is to obssrvs
connections among phenomena. heories, however, are llke
withersi lszves which drop off after having =snablel the
orgeanism of sclence to breath for a while."2 Frank realized
that he as a member of the "Viznna Cirels" which included

H. Hahn and Otto Neurath owss &

rs

g

t deal to his philosophical

&

w

it

=3

heritage. For this reason hes devot e first section of
-~

his book Bstween Phllosophy and FPhysics tc a history of

positivism and its offsprings.

During this history and throughout the rest of the
book, the positivistic idea that "a propecsition has a mesaning
‘only if it states the means for its verification."’ is

-

a central theme. The id=sa of "

saningzless concepts" is

2
Philipp Frank, Estwsen Fhilosophy and Physics (Cambridge,
Mass: Harvard Univsrsity Prsss, 1941), p. 3C.
3 -
Ihtd., p. 9.
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a fresh ani interesting idea which Frank proposss and which

(B

5 an sxtension of the pravious quote. A "meaningless concspt"

(B
[0

5 & concept which cannot zive the means for its verification.
Although Frank anl positivism in general go teoc far

in forbidding investigation besyond perception, they havse

done much to rid the philosophy of physics of metaphysical

excesses., It is incongruous to forbid askingl"why" and "how"

of sclience; for, after all, sciencse dsvelopsd specifically

to answer these questions; therefore positivism or logical

empiricism gge basically weak. The existence of positivistic

philosophy, however, reguires that philosophsrs think long

ani critically before introduecing a metaphysical explanation.

The guality of scientific explanation is improved by the

presence of positivism,

Frank shows how the positivism of Mach was transformsd
and brought out of its ivory tower by those who connscted
positivism to American pragmatism, and thus developed logical
smpiricism. All these "isms" are quite meaningless without
sxplanation. What Frank wishes to show is that a presentation
of the workings of nature as inter-relations betwsen per-
ceptions nesds a concrete connectlion with the physical world
to make it a dynamic concept. The concrete connection with
the physical world of American pragmatism is incorporated
by Frank. Frank's logical empiricism includes the attituds
of American pragmatism toward "truth". "Truth" for Frank
1s not as an unattainable form as it was for Flato. Frank,
a5 a true positivist, thinks that 1t 1s useless to speak

of a truth that i1s forever unknowable. Frank feels very
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much as the American pragmatist William James f2lt. A

isscription of Frank's interprstation of James' view fcllows:
Accoriing to Jamess, the truth of a system of principles,
a physical thsory, for instance, 3028 not consist in

its being a faithful copy of reality, but rather consists

in that itAallows us to change our sxperience accoriing
to wishas.”

Truth for Frank can have no meaning if 1t is hsld
high above us lowly mortals, He cannot accept ths ancient
phllosophy, which has in some forms filtered down through
the centuries, that truth sxists in & world above space and
time and that the truth of human judgments are only good
if they are faithful copies of the eternal truth. The
concept of truth held by Frank 1s a concept which givss
men's intelleset a higher place than did the old philcsophies,
but it also makes man &s & whole more lowly and materialistic.
If the only worthwhile truth can be deduced by men from the
information which is given them by their senses, then man
can hope to know "truth". He formulates it, however, in
terms of what will improve his physical situation and obtains
"truth" only to better his own earthly physical surroundings.
He cannot rsach upward for an absolute truth. Some say
this metaphysical communion with the absocluts is nonsense;
but at least it gets man out of a rut of sslf concern which
can lead to self-centered psttiness.

The views on truth and reality dlscussed by Frank give

much insight into the esssense of his philosophy. Frank

4
Ibld.. pp. Ti-T72.




(136)

would agres with Nietzsche and Whitehead in the idea that
it is useless tc divide the worldi up into "apparent" nature
and "real" nature. Frank would say that what we sense is
the only nature ani that there is no reality apart from
relations. Nistzschs expressed this visw as follows:

That things have a quality in themselves, gulte apart

from any interpretation and subjectivity; is an idle

hypothesis: 1t would presuppose that to interpret and
to be a subject are not essentlal, that a being detached
from all relations is still a thing.-”

Since in Frank's theory observations ars the only path
to truth or reality, it is rsasonable that instruments and
symbols which give bare rslations are important to his theory.
Instrument readings give relations and only rslations
are meaningful. Symbols represent the relations and serve
the adied function of dispensing with connoted words. |
The ssarch of science according to Frank is a search for
a unique symbol system. He says, "Bvery verification of
a physilecal theory consists in the test of whether the symbols
assigned by the theory are unique."6 Frank illustrates
this point by showing that ons can =xpress Planck's constant
"8" in terms of quantities observsd in black-body radiatiocn
or in terms of entities observed in Balmer series study.
These are two different experiences denoting "h". If they

agree, the system of symbols is uniqus &ni thes theory "trus".
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It should be noted that here there is no reference to things
behind observations. Observations are the basis of truth.
All qusstions conceerning the nature of forces and matter
and other physical concepts have becomes mesaningless.
"Only statements about conerste experiences are left,"7

Another outcoms of Frank's concern with symbols involves
the difference between what ars called causal laws and what
are called statistlcal laws, He statss that the task of
physics 1s only to find symbols among which there exists
rigorously valid rslations and which (as we have seen)
are assigned uniquely to our experisnce. These symbols
can be related to sxperience in great or little detail., 1If
they are assigned in great dstall we spesak of causal laws
and if the corresponience is in less dstail we have statistical
laws. Frank believes that the statistical nature of the
laws of guantum physics occur bscause symbols have been
assignsd broadly to sxperisncs.

Frank's view of the law of causality is characteristically
positivist. The statement that, "The law of causality is
only the establishment of a terminclogy" is mads by Frank,S
The reasoning beshind this statement centers around the fact
that we can express the same law in many different ways.
All bodies, Frank states, can be provided with state variables

which are qualitatively different if one wishes to fulfill
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the law of causality, or one can do away with qualitative

differences and rely wholly on the physical théory by introducing

matter ani motion. In this case if the law of causality

is to be fulfilled, one must, Frank says, introduce unconfirmabvle

hidden motion in crder to obtain the needed diversity.

The law of causality can within Frank's philosophy be made

to apply in any case if enough state variables are specifisd.
Frank's philosophy has strong ties with the mathematical

theory. Jeans says that the study of physics has led some

pahysicists to a positivistic conception of physies. 1In

this positivistic concept of naturs only relationships are

valid, and reslationships can best be expresssdi mathsmatically.

. Frank i1s ons of the men to whom Jeans rafers. The impossibility

of obtaining a lasting world picture has led to Frank's
statement that we must limit ourselves to dsscribing the
pattern of svents in mathematical terms. The positivists,
Frank included, belleve that physicists may work in the
field of physics using many different methods and techniques,
but that the final harvest wlll be shsaves of mathematical
formulae. The positivists belisve that, "these will never
describe nature itself but only our observations on nature.
Our studies can never put us into contact with reality;

Wwe can never penetrate beyond the impréssions that reality
implants in our minds."® The preceding deseription applies

to positivists and Frank in most areas has a positivistilc

°

Jeans, p. 15.
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outlook. Hz is a "logical empiricist"; howsvar on this point
he agreess with his positivistic teachsrs, and thersfors
he may be discusssd as a positivist.
Frank doss not belleve that mathsmaticzl form 18 in
any way the basle ontity in nature. He does not believe
that we know anything about the real world merely because
we can describe events in the world. Mathematics, according
to Frank, is merely a way of expressing our observation.
Frank 1llustrates a key point in his philosophy by saying
that 1f he can sstablish by observation ths validity of
the Euclidian axioms for a concrete physical triangle,
then the sum of the angles in thls triangle is equal to
one hundred and eighty degrees., Frank statzs:
In other words, the sum of the angles being one hundred
andl eighty degrees and the axioms being valid are only
two expressions of the same thing . . . Once this has
been made clsar, the world, whatever 1t may be, will
always obey the propositions of pure mathematilcs;
the assertion that 1t obeys them says nothing about the
real world., It says only what is se2lf-evident, that
all statements about theg world can be replaced by
squivalent statements.
The important point made by Frank is that we desvelop 2 system
such as Zuclidian geometry in which ons particular fact
must be true. Then whsn we find this fact existing in nature,
we turn about and say that this 1s 2vidence that the world
1s like the system we postulated. In the cass of Euclidian

geomstry we conclude that the world is formal like the

geometry if we find that the sum of the angles in a physical

1C
Frank, p. 122,
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triangle 1s one hundred and eighty degress. AIl we have done
is to find what we put in the system., Whsn we say we have
liscovered that ths sum of ths angles in a physical concrsate
triangle equal one hundred and elghty degreess, ws have not
proyed that Eucllidian geomeiry is valid; we have merely

sald that we are employing Zuclidian geometry using different
words,

Frank's individual philosophy could be called the
philosophy of the uselessness of philosophy of physics.
Frank's "logical empiricism” restricts statsments in scisnce
tc statements of relations bestwesn phenomena. According
to this conception, "philosophical principlss, which ars
not scientific in ths above-mentioned sense, form a system
of isolated propositions from which there are no logical
bridges to the system of scisntific propositions."1l
Bscause of this, a system of philosophy can never be confirmed
or refuted by nsw theories in physles. It can, according
to Frank, experlence no lmprovement or dsstruction with
the growth of physics because 1t 1s not connscted to the
moving forees of scientific discovery. Lastly Frank statss
that apparsnt improvement in phllosophi=s of physics result

from mistaking agre

W

ment in emotional coloring for agrecement
in logle.
Frank's philosophy has revealsd some of the consequencses

of positivism, We shall view other consequences of positivism,




blended with influences from other philosoﬁh&es, in our

following discussion of the philosophy of P. W. Bridgeman.



CHAFPTER VIII
THE FHILOSOFHY OF BRIDGMAN

P. W. Bridgman's philosophy is closely connescted with
positivism. The positivist's unwillingness to admit for
discussion any statemsnt which does not include the means
of its verification, is evident in Bridgman's philosophy.
He toc 1s concerned with verification. Bridgman says,

"In general, we mean by any concept nothing mors than a

get of opsrations: Lhe concent 1s svynonymous with the

corresponding set of operations.”l Theg 1llustration of ths

concept of lsngth i3 used by Bridgman., He says that to find
the length of an objsct we perform certain physical operations.
He states that the concept of length is fixed when the coperations
by which on2 measures length are fixed. Not only physical
concepts are defin=d by operations. If a concept is mental
such as mathematical continuity, the operaticns that iefins
it are mental.

Bscauses of Bridgman's concern with cperations his philosochy
has been called "ogperationalism". This is, howsver, an
incomplste name. We must examine the "why" of Bridgmen's

philosophy in order to ses that "operationalism" only partly

: |
P. W. Bridgman, The logic of Modern Physics (New York:
The Macmillan Company, 1927), D. 5.
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describes it. Bridgman developes hls philosophy against the
background idsa that seisntists and philoscphers of science
must not develop ideas that will obscurse progress for
future generations. The reason Bridgman is so concsrned
with operations is that operational description is the only
iescription we can uss in conveying our knowledge to futurs
generations without glving them subjsctive concepts which
to them might wesll be meaningless and misleading. We only
hinder progress, if we develop metaphysical explanaticns

and pass them on to the next generation. If, for instancs,
we glve all our Jdescriptions of the happenings in nature

in terms of an sther which will forever remain undetectable
to us, then we are burdening our successors with the sxtra
welght of a2 meaningless concept. They must waste their

time gstting rii of it or sxplaining phenomena in terms of
it. Bridgman states, "We have sesn that in setting up the
general rules which are to guilde us in describing and corre-
lating nature, we have to take sxtreme care to allow no
special hypotheses to creep in, as -otherwise we might be
restraining possible future ex‘f_erlence."2

The concern which Bridgman shows for physical opseration

(1

would indicate that he has been affected somewhat by the
physical theory. He does belisve that experisnce in the

physical world is the physicist's only way to gain knowledge of

2
Bridgman, p. 196.
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relationships between phenomena in nature. H= states that:
The attitude of the physicist must therefore become
one of pure empiricism. He recognizes not a priori
principles which determine or limit the possibilities
of new experlence. . . . It may perhaps turn out eventually
that as a matter of fact nature can be embraced by a
formula, but we must so organize our thinking as not
to demand 1t as a necassity.5
Briigman bellisves that relationships ars essential in
& dsseription of naturs. This i1s evidenced by the fact that
in Bridgman's philosophy =very cconcept must be relatsd
to a mental or physical opsration in ordsr to have meaning.
Relationships, as we have s@2n in our discussion of Frank's
philosophy, are most easily expressed in mathemeatical terms,
There 1s consequently, a placs for the mathematical theory
in Bridgman's philosophy. Bridgmen, however, has absolutsly
no idea that nature is basicaelly mathematical. He says,
"the concepts of mathematics are inventions made oy us in
the attempt to dsseribe naturs."# It is difficult, Bridgman
continues, to invent concepts which exactly correspondi to
what we know about naturs, He fesls that we nezd a mathematics
in which the physical concepts have meaning., We ne=d to
"make our eguations corresponi more closely to the physical

sxperience back of them."?

Hls philoscphy, like the other philosophies we havs
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discussed, shows its individuality by the characteristic

way 1t uses the physical, mathematical and funectional

wiv

theories. Bridgmen's concern for kesping cur description
free from subjesetive constructs leads him to a concern for
the operations we havs mentloned. wo results of an operations-

istailed discussion of

w

orientated philosophy emerge from
the concept of length. The first result 1ls that if we desal
with phenomena outside the realm in which our original
concepts were defined we may discover physical hindrances
toe performing the opsrations of the original definition.
The original operations must, of courss, give the same
results as the old operation in the domain where both arse
feasible. But actually, 1n changlng the operation we have
changed ths conecspt, and only convenience dictates that we
use the sams name for the concepts of the two realms.

The second result 1s that, "as we approach the sxperimentally

attainable limlit, concepts lose their individuslity, fuse

together, and become fewer in numbser."® We have fewer

concepts on the horizons of nature, bscause. w

()

are capabls
of fewer operations in these arszs. All our conc2epts must
be given in terms of these few operations. HNaturs, thus,

sesms8 simpler on her horlzons.
A third conseguence c¢f ths cperational characisr of
Bridgman's concepts is that it is entirely pcasible to ask

questions which are meaningless., In order for a question
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to have meaning in Bridgman's contsxt, it must be possible to
find operations by which an answer may be given to a guestion.
Brlidgman says in the way of an example that 1t 1s meaningless
to ask whether a star 1s moving or not because we cannot
perform opesrations to answer this guestion. He also states
that in many cases operations by which qusstions can be
answer2d cannot exilst.

The 1dea that meaningless questlons exist can save
physiclsts from wasting time trying to puzzls out answers
to impossible qusstions; however, thers 1s a negative siie
to the idea of meanlingless questions. The idsa of meaningless
qusstions, as well as the 1dea of dsclaring that investigations
beyond relationships are pointless, are both, in & sense,
stagnating idesas. If one accepts the idesa of meaningless
gqusstions, he might be tempted to put difficult problems
into the category of méaningless questions and thus be rid
of them. It is important to leave svery avenue of investigation
open. FPerhaps the meaningless qusstions of thls generation
will be a question of great importance to the next gensration.

If a person is told often enough by positivists and
operationalists, that onlj relationships between phenomena
exlst 1n naturs, hes may loss linterest in the éearch. It
is much mcre stimulating to work on a problem which has a
solution and which might help to form & world view, than it
1s to work on probleme whose answers willl help place data
in the correct column of a chart.

The model, Eridgman says, is "a useful and indeed

unescapable tool of thought, in that it enables us to think
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about the unfamiliar in terms of the familiar."! Modesls,
however, are dangsrous because we may begln to think that
they represent real sxperiencs instead of somsthing inferred
from sxperience. Mental models (constructs), Bridgman states,
are made in order to help us deal with physical situations
which we cannot sxpsrience through our senses.

After examining two specific mental models--stress in
an elastic body and the eslsctromagnetic fisld--Bridgman
decides that there are two types of models: those to which
no physical operations correqund other than those which
enter the definition, andi those which admit of other
operations, Thls difference Bridgman stresses is evidence
of a physical difference. We must guard against thinking
that these mcdels give actual pictures of nature and that
they resemble each other. The models which admit of more
than one operation are naturally the more useful and dependable
models.

The lmportance of relationships can be brought forward
in a context very different from Bridgman's or Frank's,

It 1s intriguing to follow the diverging paths two minds
will follow after starting at an identical point. We shall

follow one of these paths by examining Whitshead's philosophy.

.l

Ibid,., p. 5



CHAFTER IX
THEZ PHILOSOFHY OF WHITEZEHEZAD

Unlike Margenau and Jesans, Whitehead does not
find an examination of the "how" and "why" of seientific
knowledge valuable in the development of his individual
philosophy. He has a slightly positivistic attitude
in that he believes the fruitful search for scisnce
to be a ssarch for rslationships among the things we
actually perceive. The following comment appears in

The Concspt of Nature:

the immediate thesis for discussion is that any
metaphysical interprestation 1s an illegitimate
importation into the philosophy of natural science
(physics). By a mstaphysical interpretation I
mean any dlscussion of the how and of the why
of thought and ssnse-awarensss.
In the light of the preceding comment it is understandable
that Whiteheald begins a discussion of the philosophy
of natural science with definite statsments of what
1s percelved in nature or as he says termini of awareness
with "facts" of observation, not with speculation.
The thesory of nature upon which hs bases his philosophy

is the functlional theory; conseguently, he possesses

the functional theory's i1dea that what is perceived

1
Whitehead, p. 28,
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1s real and 1s changing. The only falsification and
cver-simplification cccurs when persons must communicate
and crystallizs the "passage of nature" (that is the
things psresived). It is, therefore, most reasonabls
that Whitehsad lmmesdiately bsgins to discuss and da=fine
things related to sense awarsness. For him this is
a discussion of thHe real.

Whitehead firmly bslieves that dividing nature
up intc subject and object distorts nature. He is
very muchh against the theoriess which propose tifurcation
of naturse. True to functional theory visws, Whitehead
bzlisves that dividing nature into causal naturs and
apparent nature leads to a situation in which one is
observing somsthing entirely different from what he
is dsscribing. H2 belisves that all our theoriss and
1deas are attsmpts at determining the character of apparent
nature. We wlsh to describe what we see, noct a causal

world which is forsver shut from ocur vision. Hs statss,

il

-

we may drop the term 'apparsnt', for thers 1is but ons
nature namely the nature which 1s before us in perceptual
knowledge. "<

Nature for Whitehead 1s a huge extenslve process
which =ach individual views in part but not in whole.

The viswer of nature in Whitehsad's philosophy perceives

the "passage of naturs" or the event, and all other

Ibid., p. 40.
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concepts are constructed from this entity. Although observation
of the "passage of nature" gives the observer real knowledge,
scientific concepts must be derived by a process of abstractions.
Whitehead glives a vivid illustration of the process of
abstraction when he is discussing how the scientific concept
of a moment is derived from ssnss-perceived time. He illustrates
thus:
the (time) seriss may start with any arbitrarily
assumed duration of any temporal extension, but in
descending the serles the temporal sxtension progressivaly
contracts and the successive durations are packed one
within the other like the nest of boxes of a Chinese
toy.”
The only difference betwsen the Chlinese box and the time
series 1s that in undoing the Chinese box ones progresses
toward a definite limit. Going down the time series one
does not reach a smallest indiviiual instant. One progresses
toward an infinitely small szsction of time--an instant.
The least falsifying and first abstraction one must
make 1f he 1s to devise scientific concepts is to divids
the "passage of nature" or the events into different classes
by means of the relation of simultaneity. According to
Whitehead, as we have seen, simultansity is immediately
given, The light from a distant star and light from a lamp
on one's desk are for Whitshead brought into sxistence
simultaneously since they are sensed at th2 same time.

Simultansity, thersfors, has no dirsct re=lation to physical

constants such as the apesd of light. In connection with

—
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this view of simultansity Whitshead says that nature is
inexplicable, & process which shows us duraticns that happen
and pass.4 Since our simultaneity exists as simultaneity
in a system which 1s moving and changing in &n inexplicable
manner, we must depend on the immediately given to classify
things accerdiing to simultaneity.

The relativity of tims under thls philoscphy is derivad
from the fact that due to ths complexity and ambiguity of

he

ct

nature nct all perscns will assign the same eventa to
same time catsgoriss. Whitehsad spsaks of ssveral different

time ssrles existing in the universe. He 1s, therefore,

able to incorporats the 1dsas of the relativity theory without
injuring his cown philosophical position. In =&ch time system

the numerous 2vents exhibit certain characteristics. h

events have a certain uniform constant relationship to each

other which 1s called space, and they contain certain permanences

"sense objscts".

which are called
Becauss there is no space apart from a spsciflic time
8ystem Whltehead has a meaning for the relativity of spacse.
Time is relstive, and each time system contains a space.
Space is, therefore, reslative.
One of the pnilosophical advantages of having space
ispend upon relationships between svents in a given time

systsm rather than upon bits of matter is that the uniformity

of space over a long distance can be made reasonabls. If

d-

Inid., p. 54.
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the physical thesory were truly basic and if every bit of
matter determinsd the metrics around 1t, long distance
measurement would be extremely difficult to make. One would
bs measuring through several different metrics. If Whitehead's
functional theory is accspted one realizes that "if the
structure of space in a glven time-system is constant and
uniform and indepenient of the sense data and theilr controls
which constituts molar objects the uniformity and constancy
necessary for measuring sxlsts, notwithstanding the changing
relations of objecta."s

The price that is paid for Whitehead's explanation of
long distance measurement 1s that he must make dsfinitse
physical concepts such as space, time and relativity depend

on the vague concept of lmmediately gliven. Since relativity

comes from ambiguities in nature, how can one tesll when
relativity sxists and how much relativity exists. Time in
the physical theory is a dsfinite concept; but in Whitehead's
philosophy it has become difficult to handle. It derives
its meaning from lmmediately given simultaneity and a moment
of 1t 1s an intangible limit.

Whitehsad uses a mors or less privats language when
iiscussing his philosophy. We have iiscovarei the meaning
of "passage of nature", "duration"”, "senss-awareness" and
"apparsnt nature". Other words which are vital to his

philosophy and which require a definition in Whitehead's

5
Northrop, p. 115.
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terms are "congrusncs" and "recognition". Whitshead states
that we bescome awarse of objects because we rscognize the
same thing in several events, Objects ars, in hjis philosophy,
"elements of nature which do not pass". BSince all of nature
is a process and we are actually aware of passage we can
recognize those things ln nature which do not share in the
passage of nature., These things which do not pass are
ob jects.

Measurement, a basic concept in physics depends on
congruence. Therefore the lmportance of Whitehead's theory
of congruence to hls philosophy of natural scilence can be
seen. Whltshead belleves that a theory of congruencs is
not a convention as Poincaré would have it. A theory of
congruence, for Whitehsad, derives its meaning from nature
1tself and dspends on a thecry of perpendicular, a theory
of parallel, and a theory of mction. It is important to
note that he belisves that sense-awareness gives us a definite
congruence and, consequently, a definite measuring system.
This outlook is typical of functio?l.‘theor'y. If we can sense
what "the real" is in the functional theory, it is logieal
that we can sense "real" congruence. He says that his philosophy,
"points out ths factors in naturs which issue in the presminence
of one congrusnce relation over the infinite herd of other
such relations." OQOne true congruence 1s possible because
senss awareneas gives us the ideas of perpendicular, parallel
and motion upon which congruence depends. We recognize

perpendicular in any event says Whitehead, but we do not
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rally recognize other geometrical relations.® Ws

W
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W
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recognize parallel and motlon in the same way. Measurement

fon

epends on congruence; congruence depends on recognition,
and rscognition depends on the immediatzsly glven assoclation
that an object percelved has been percelved before in Jjust
the same way. Again we see that Whitehsad's philosophay
makes a definite physical concept--measurement--depend on
an indsfinite sensatlion.

Whitehead's theory may be exaspsratingly abstract,
but then, it also has an appealing ccompleteness about 1it.
Whitehead polnts out that events are analyzed into the three
factors, time, space and material and that often we mistakenly
think of these three factors as ilndependent. He dsnies
that "thess factors are posited for us in sense-awareness
in concrete iniepenience."7 In this discusaion the sometlimes
forgotten fact that what we perceive in nature is one unit
factor 1s made. The over division which is prevalent in
some philosophies of science is attributed to formal teaching
and language which for convenience teaches us to sxpress
our thoughts in materialistiec terms. Thils, Whitshead says,
makes us tend to forget the true unity of observation.
A refreshing concern for the reality of experience 1s a
shining highlight of Whitehead's philosophy of physics.

Whitehead's entire philosophy cries out that the value

6
Whitehead, p. 126.

7
Ibid,, p. 75.
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of experience has besn lost in a maze of metaphysical concepts
and mathematical formulas. The metaphysical search for a
"now" and "why" in knowledge has destroyed the concept of
reality by making it too vague and too far from experience.
The mathematical formulas when taken as the basic entity

in nature lose ths conecept of reality in & petrified forest
of unmoveble details, Reality, for Whitehead, is a process.
We must realize, he says, that we oversimplify and falsify
reality in order to discuss it and in order to communicate
and manipulate our knowledge of the reality of nature.

Since Whltehead believes that we can never ses all of ths
process, 1t is not surprising that his sxpressions and sven
hls words contain a vagueness which at times makes tﬁem
unmanageable. The dilemma one experisnces upon reading
Whitehead is a sense that Whitshead has brought one closer

to reality; but that on the way to lnsight one has lost the

ability to communicate and handle his new-found knowledge.



CHAPTER X
VARIOUS VIEWS ON THE WAVZ-PARTICLZ CONTROVERSY

We have seen the manner in which individual philosophers
differ, but we have compared differing views on specific
concepts only indirectly. The present discussion is designed
as & graphic description of the diversity of individual
philosophlies. This 1llustration takes the form of comparisons
of the phllosophical views of several men noted for their
contributions to physics, upon & single subject. The
opinions of Born, landé, Relchenbach, Bohm, Margenau, and
Prank on the wave-particle controversy will be contrasted
and compared. As we have seen several other times, the
wave-particle controversy concerns both matter and radiation.
Is matter wave or particle or both? I8 radiation wave
or particle or both? There are many different answers as
we shall see,

Max Born believes that both waves and particles have
a2 type of reality. His view has, however, been called the
unitary particle theory because he interprets the wave as
a statistical distribution density of particles. The particle
character of an electron Born says is evidenced by the fact
that among the lnnumerable possible measurements certain
types of measurment such as mass and charge have a permenent

character, He says of these permanent features they "differ
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from those of ordinary perception, but are nevertheless
in the same way indicators of things, objects, particles."t
The waves for Born, have reality because the esquare of wave
functions describes probability. Probabilities must be
real since we make real physical predictions on the basis
of probabllity; therefore, waves have a reallty and are
not empty forms. Born states that waves are needed to describe
a physical situatlon because they describe the "state" of
an atomic particle. Born summarizes his feelings toward
the subject by saying:

Even in restricted flelds a deseription of the whole

of a system in one picture is impossible; there are

complementary images which do not apply simultaneocusly

but are nevertheless not_contradictory and exhaust

the whole only together.2

Landé accepts the unitery particle aspect of Born's
ideas; but he rejects the reality of waves. He believes
that we have talked ourselves out of a basic paradox, by
telling ourselves that electrons and radiation are both
waves and partleclea, A.unltary particle theory 1s presented
by Land5. Landé, however, adds what he calls a "third
movement", He says his alm is to "complete Born's Unfinished
Symphony of description-plus-an interpretation by a Third
Movement, viz., a realistic unitary particle explanation

of probability interference and of other wave-like particle

1
Mex Born, "Physics and Metaphysics", Scilentific Monthly,
82 (May, 1956), p. 235.

2
Ibid.
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phenomena."”? Landé thinks that what we mistake for waves

are really menifestations of particles. The wave, for Lande,

1ls essentially a statistical distribution of the density

of a particls. landé states that the statistical interpretation

which Born gilves to waves leads to the 1dea that waves

deseribe the behavior of particles and are, therefore,

secdndary to particles and lack their own reality. He believes

the epithet "real" should be withheld from waves, and

thus disagrees with Born. Landé says that particles are

real and waves are not real "for the same reason that sick

persons are 'real', but wavelike statistical disease curves

are 'constructs'--unless one wants to strain his language

in order to save the face of dualit.y."4
landé agreess emphatically with Einstein's statement:

“The concepts of physics refer to a real external world,

i.e. to things (material bodies, fields, etec.) which claim

real existence independent of perceiving subjects."s This

1s the reason he feels Jjustified in talking about reality

at all. He reallzes that many philosophers of physics smile

at the naivetd of using the word "real"; but he believeé

a discussion of the wave particle controversy must be carried

on in terms of reality.

3
Alfred Landéd, "Quantum Mechanics from Duality to Reality",

Americen Scientist, 47 (Sept. 59), p. 345.

4
Ibid,., p. 344.

9
Ibid., p. 342,
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Reicnenbach does not agree with either landé or Born.
He says that every experiment which seems to require the
wave interpretation can also be deseribed in particle terms
and that any experiment that seems to require the particle
interpretation can also be described in wave terms. This
ldea comes from Reilchenbach's separation of the world of
quantum physics into phenomena and interphenomena, The
world of phenomena 1s, for him, made up of occurrences
such as the colncldences between electrons which are
connected with macroscopic data by a very short causal chain.
The world of interphenomena is made up of occurrences
such as the movement of electrons which happen between
coincidences and which are connected with macroscopic data
by & long causal chaln.

The wave-particle controversy fits into Reichenbach's
world of interphenomena. He says, "Given the world of
phenomena, we can introduce the world of interphenomene
in different ways; we then shall obtain & class of equivalent
descriptions of interphenomena, each of which is equally
true."® Arbitreriness of description is limited to the
interphenomena world. The descriptions of the world of
phenomena remeain invariant. Since the subject matter of
the wave-particle controversy is, according to Relchenbach,
in the world of interphenomena, 1t 1s easy to see his reason

for stating that both the wave and the particle interpretations

6
Relchenbach, p. 23.
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can be made for any glven experiment concerning the electrons
and radiations of the wave-particle controversy.

Bohm has yet another outlook on the problem. Bohm
does not believe in the indeterminacy of the sub-quantum
world; he believes that we just have not examined it closely
enough. He has faith that upon further investigation a
"sub-quantum mechanical level" will be found. He believes
that each "fundamental" particle of physics is a body
existing in a small region of space. Inseparably associated
with the body 1s a wave which 1s assumed to be an oscillation
in & new type of field. The field, for Bohm is still represented
by the Schrodinger psi function, but for him it has a new
meaning. The Schrodinger psi function is usually used as
& symbol for the calculation of probabilities; however
Bohm sees the fleld represented by the psi function as a
real entity capable of exerting a force. Between the psi
field and the body (electron, proton, etc.) there exists
a new kind of gquantum mechanical force which can be detected
only for the atomic level. The field force tends to pull
bodles into regilons where the value of the field is largest.
The random motion of the body resists this tendency.

Bohm, thus, sees the particle as basic; but also accepts
a type of wave which exists in a field with a physical
8ignificance and which accompanles the particle. Bohm feels
that his theory 1is compatibls with all essential results
of the quantum theory. Hls ideas could explain the famous
example from quantum theory which shows that when electrons

pass through two slits and fall upon a screen, they form an



(161)

Interference pattern as well as several discrete dots.
Furthermore, the closing of one slit affects even the particles
which pass through the other slit. Bohm's model yields
this explanation. The interference pattern is produced
by the waves assoclated with the electrons., Random motion
and the passage of large numbers of bodies through the slit
produce a statistical pattern of dots on the screen whose
density 1s proportional to field intensity. "The quantum
forces, in other words, account for the concentration; the
random motion accounts for the irregularity of the array
of particle 1mages.“7 The effect produced by closing one
8lit 1s explained by the i1dea that closing one slit influences
the quantum-force acting on particles as they go between
the slit and the screen.

Henry Margenau's philosophy leads him to an opinion
on the wave-particle controversy differing from all those
previously stated. Margenau says simply, "Electrons and
photons aremither particles nor waves. They are no more
one or the other than they are hot or cold, red or blue.”8
Because electrons and photons are not observed in the visible
world, Margenau thinks that it is folly to give them visible
properties by calling them waves and particles. We should,

he feels, be satisfied with our positive knowledge of the

7
James Newman, Review of Causality and Chance in Modern

Physics, by David Bohm, Scientific American, 198-199 (January,
1958;, Pe 112,

8
Margenau, p. 321,
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nature of an electron. We know its charge, its mass and

1ts path at times. We should not try to translate our knowledge
into terms like wave, particle, red and blue.‘ It 1s stressed
by Margenau that this attitude toward the wave-particles
controversy 1s not an admission of our ignorance. He says,
"We mean to claim it as a positive fact that an elsctron

is nelther particle nor wave, and we deny that we don't

know what it 1s."? The fact that intrinsically invisible
constructs do not display visible qualitles, Margenau states
is not a source of amazement. It 1s evidence of orderliness
and consistency.

Frank calls the wave-particle discussion an "apparent"
problem. His philosophy has no place for the “real" world,
therefore it has no place for a problem that hinges on the
reality of waves of particles. For Frank there are several
different physical worlds because observations fit into
geveral different systems and the only kind of knowledge
Frank allows 18 observational knowledge. He says, "We
could choose some physical world as belng especially
suitable, and designate 1t as the 'real world'."10 Harm
for sclence begins only 1f we forget that the real world
is one of many possible physical worlds. In regard to waves
and particles Frank is not concerned with the mental picture

that people use to explaln observations. He 1s perfectly

9
Ibid,

10
Fno\k‘l ’. .33 0
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content with uninterpreted data. The relations between

results of one experiment and results of another experiment,

and relations within one experiment as conditions are

varied are the only factors that concern Frank. The fact

that some persons interpret the relationships as evidence

of waves and that others interpret them as evidence of particles
does not alter the relationships, and thus does not concern
Frank.

These men have all seen the wave-particle controversy
in a different light. They have all been consistent with
their philosophlies. They have not been emotional or vague.
These men are all respected in their field., Each of them
has a valuable contribution to make to the discussion of
waves and particles, and yet they do not agree. This,
accompanied by the array of individual philosophies that
have preced=d this chapter, is convinecing evidence for the
assertion which was made in the introduction that a phllosophy
of science is essentially an individual .1dea. Such ideas
are developed by inspecting the various theories of nature--
accepting them or rejlecting them--and bullding upon the
accepted theories. The theorles of nature always play some
part in a philosophy of nature. ZXZven persons such as
Margenau and Jeans who begin the development of their
philosophles of physics by investigating the nature of
physical knowledge, make definite use of either the physical,
functional or mathematical theory. FPhllosophles of physlcs
are so individual that it 1s difficult to find a link which

ties them together enough to enable a rational dliscussion
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of these philosophies. The link, though sometimes not a

strong one, 1s that they all employ the theories of nature.



PART III

A GENZRAL VIEW



CHAPTER XI
THZ MOUNTAIN OF REALITY

We have wound our way through the words, the illustrations,
the implications, and the facts that make up the three
distinctly different ways of looking at nature. The physical
theory, the mathematical theory, and the functional theory
have thus been panoramically displayed for us. We have
been presented with a glimpse of how other men have used
these different views in developing their own philosophies,
and we are left with no complete body of thought that could
be called the philosophy of physics. Sharp agreement and
dim correlation can be seen as the individual philosophies
are compared, but only this striking truth appears: What
1s real for one man and for one age may be fantasy for another
man and another age.

This, however, is not the sort of truth that is relevant
for the dynamic creative work required of a physicist.
Somewhere in the background of his work the physicist needs
a concrete reality upon which to bulld. Zven if a physicist's
reality 1s the assertion that there is no "reality" and
that only relationships are meaningful, he has a definite
foundation upon which to build. He has a purpose for
recording and tabulating vast numbsers of readings from

voltmeters, barometers and other instruments of the laboratory.
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For those of us who find unbearable a universe without
an absolute which 1s beyond the vagrancies of human thought
and human emotlon, there is a constant pattern which emerges
from the histories of theorles of nature and the studies
of the individual philosophies. Thls pattern is a pattern
that shows reality changing in a cyclic manner, for an
individual viewer. We discover that reality changes but
that the pattern remalns constant. The pattern can be
the absolute reality for which we search, but 1t is not
the reality of now. We only discover the pattern as time
goes by. We do not see the whole pattern at any one time
and therefore we do not see absolute reality at any one
time. We rely on belief to justify the existence of an
absolute reality or a whole pattern.

Both individuals and mankind as a whole begin their
search for knowledge of nature on & low level where reality
1s made up of hard concrete objects that one can touch, feel,
and smell. This i1s the stage of the completely physical
theory. The path of an individual man toward knowledge
of naturs is much the same as the path of mankind., After
he has grasped the workings and interrelations of conerete
obJects, man wishes to connect and manipulate hls knowledge.
He employs mathematics to make his correlations easier and
soon he finds himself attributing to nature the form and
continuity of what had been only hls expression of hils
knowledge of nature. This 1s the stage of the mathematical
theory. Man soon sees that form alone cannot account for

the dynamic nature around him., Mankind or man at this stage
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may revert to the physical theory belleving 1t to be more
compatible with the world of his senses, He may, however,
try to synthesize form and matter, and thereby produce

a theory in which becoming 1s essential,

This process by which man dlscovers nature is not
entirely a step-by-step process. After a man or mankind
has once been through the physical, mathematical, functional
theory cycle, the three theories occupy his mind simultaneously.
At certain times one becomes predomlnant and the others
recede into the background. Each individual philosopher
whose 1deas we dliscussed was aware of all these views.
However, at the time he presented the views that we read,
each of these men was at a different place in his individual
growth., This caused him to connect and to utilize the three
basic views of nature in a different way. Looking at the
history of physics we see the same sort of pattern at any
gilven time. One particular theory may dominate; but even
at the height of dominance of one theory some minds are
working diligently on the logical and empirical development
of the other two theories,

- Each philosopher of physics and each period in history
is situated at a different place on "the mountain of reality".
This "mountain of reality" can be thought of as the pattern
we have discussed. The mountain has three faces and & road
that circles 1t while spiraling to lts top. Each time a
traveller up the mountain makes a full circle he has returned
to a specific way of viewing nature. The traveller or

travellers in search of knowledge of nature start out on



(169)

the physical theory face of the mountain, proceed to the
mathematical theory face and finally come to the functional
theory face. They go through the same cycle again and again.
The history of science, thus, tells of mankind's progress
up the "mountain of reality". We cyclically return to each
of the three definite views of nature and each time we
return we have all the benefits of a more all-encompassing
view. From high up on the mountaln the differences between
the different views become hazy.' This is why modern theories
are not so easily and distinctly divided as were earlier
theories. Although the "mountain of reality" does not change,
reality for mankind changss as he progresses up and around
the mountain.
The history of the development of an individual,
in respect to th physical worldg around him, is & history
of an individual's progress up his own replica of the
"mountain of reality", and 1t i1s the history of his progress
with the rest of mankind up the mountain. As a child, an
individual 1s on the bottom level on the physical theory
face. He 1s like the early investigators in the history of
méankind. He sees the world as a mixture of hard concrete
objects and soft objJects. As a child an individual can
think only in discrete terms, and his experience confirms
the 1dea that the universe is basically made up of still
and moving objects. At this level he develops, usually
unconsciously, a completely physical theory of nature,
As the individual grows, he finds that some objects can be

easlly connected. He also finds that it 1s much easier
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to express hls knowledge of the world with the aid of a

formal sentence or & mathematical equation. When he gradually,
knowingly or not, begins to think of the world as being
basically like the expressions that state hls knowledge

of the world, he has come to the mathematical theory face

of the mountain. If he becomes dlssatisfled with a world

of static form and if he is particularly sensitive to the
changing in nature, he will develop a functional theory

and complete his first cycle.

Problems arlse in the functional theory that seem to
defy sophisticated analysis and man or the individual
must return to the lowest level of reasoning in order to
be able to handle the concept. Thils requires a return to
the physical theory. The cycle, then, begins agaln.

The individual's progress up the "mountain of reality"
differs from mankind's progress in that he has a very limited
amount of time to make his journey, which means that he may
only make & few circles on his own replica of the mountain.

An individuel is born at a definite time and place in mankind's
history; his progress is, thus, limited not only by time

but by the prejudices of the views prevailing during his
lifetime.

By viewing the history of an individual's or of mankind's
philosophical progress, we see that unchanging reallty--
the whole mountain--can never be viewed by mankind or by
individual man until he reaches the top. Histories help
ue to look down the mountain and see what has gone befors,

but we as individuals or as mankind are on the mountain,
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and thus have a limited view of its entirety. We progress
upwards and around and reality changes; but history indicates
that we are seeing "something" from different perspectives

as we travel. That "something" for the people who need an
absolute 1s the unchanging reality--the mountain itself

upon which we trayel and of which (at a given time) we

vliew only a part.

The "mountain of reality" is a needed context in which
we can comprehend the change of something that all our
experiments, our senses, and our rational thinking has
told us 1s real and fixed. 1In the scientific spirit
we must believe in the reality given us by the combined
efforts of our senses and our minds; however to maintain
sanity we must devise a context in which the seemingly
unchangeable thing of this moment can change. In moments
of metaphysical insight we can say that the "mountain of
reality" is the absolute reality for which we search and
that it exists. However, since most of our lives are spent
on & low level of sensibility we must usually admit that
we merely belleve that there is an unchanging real nature.
Only at ceéertain moments do we know that this unchenging
nature (the mountain) exists.

Since every individual makes his progress up the mountain
toward developing & philosophy of physics by himself,
and since very few individuals are born at the same moment
in history's progress, it is not surprising that there is
unlimited diversity in philosophies of physics. This diversity

1s a necessity 1f every individual is to develop a phillosophy
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which explains and describes his reality. The agreements
in individual phllosophies are reasonable since we are all
viewling, from different perspectives, the same reality.

In this context one can understand that in order to
develop a2 philosophy of physics, one must first study the
various ways of viewing nature which history has shown us
in order to see ce¢learly where mankind is on the "mountain
of reality." The study of histories of various theories
will show that mankind's developing a theory is:

Rather like climbing a mountain, galning new and

wlder views, discovering unexpected connections between

our starting point and its rich environment. But the
point from which we started out stlll exists and can

be seen, although it appears smaller and forms a

tiny part of our broad view gained by the mastery

of the obstacles on our adventurous way up.

A second ald in developing a philosophy 1is to see
how and why various men synthesized the theories of nature
in different ways. We can thus vicariously, to a certain
degree, put ourselves on different places on the "mountain
of reality". This gives our reality a broader scope, and
we thus come nearer to describlng the mountain rather than
our particular view of the mountain., Reality becomes
less changing; however we are still, at a given time, tied
to one place in the history of mankind and of ourselves.

One's philosophy will reflect his position no matter
how well he understands the philosophies of others. This

is understandable and necessary; for, as we saw in the

L
Einstein, p. 159.
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introduction, a philosophy of physics is an individual attempt
to understand. =ach individual views the mountain or

absolute reality from a different perspective. The perspective
depends on the individual's intellectual growth as well as

on the growth of mankind at the time the individual lives.
Because everyone 1s viewing the same reality from different
perspectives, there will be some correlations between individual
philosophies; however the reality that one individual 1s

trying to comprehend is a reality which 1s not exactly

like any other reality; therefore his attempt to understand
reality, his philosophy of physica, wlll be entirely
individual.
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ABSTRACT

The development of a phillosophy of physics 1s an individual
task. One can be assisted in the task by an extensive
study of the three basic theories of nature--physical,
mathematical and functional. Assistance also comes from
a study of the manner in which §ther men have synthesized
the theories of nature and their own experiences‘lnto
philosophies>of physics.

A theory of nature can best be studied by historically
defining the theory and by then examining specific concepts
seen in the light of this theory. One finds that the physical
theory of nature posits matter and motion as the basle
entities in nature and describes phenoméena in nature in
terms of these basic entities. The physical theory 1s found
to be the theory that i1s first developed whenever mankind
or an individual man is faced with a seeming enigme in nature.
It i1s the iowest level theory.

The mathematical theory of nature, one finds, is the
theory of static form, and logical structure. This theory
takes form to be the basic entity 1h nature, and it appears
historically after man has gathered great amounts of information
by using the physical theory, and after man has discovered
a need for forms and categories into which he can put his

knowledge in order to render it manageable.
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A functional theory is the last in the cycle of theories
employed by mankind or by the individual in his unceasing
attempt to explain the universe around him. The functional
theory, one sees, 1s an all encompassing theory. It incorporates
both form and matter by making them secondary entities in
& unlverse whose basic feature is change. If there 1is
a basic entity in this most sophisticated (highest-level)
theory of man, it is the event--a type of smallest division
of the changing world. This theory, one finds, comes about
from man's inability to be satisfied with static form as
the mode of expressing a world of sensed change.

After a detalled investigation of the three basic theories
of nature one has a perspective that is invaluable in his
attempt to develop his own phllosophy of physics. He must,
however, humanize and perhpas even color the vast number
of facts he has assimilated; for the individual who wishes
to develop & philosophy of physics is a man and men seem
to gain clearer insight when knowledge 18 presented to
them in the form of the thought processes of a fellow
mén. For this reason the person who wishes to form his
individual philosophy will embark on & study of the individual
philosophies of other men. He will discover in each philosophy
the universal and the provincial--the phrase that applies
to all time and the phrase that applies to only a narrow
period of time. He must sift the incoming information
knowing that he too will produce irrelevancies and universals
eand hoping that he will produce more universals than irrelevancies.

Each man who ievelops his philosophy of physics 1s
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chained to the perlod, and the prejudices into which he

was born, and each man through & study of theories of nature
and of the philosophies of other men has an opportunity

to undo some of his chains. He, however, is limited by

time and by the fact that he is a human belng. He will

not develop the philosophy of physics for there is no one
philosophy of physics. Each men lives a slightly different
life and views a slightly different nature. BEach man's
phllosophy will automatically explain phenomena others have
viewed (because every viewer of nature sees some of the

same things), but it must satisfactorily describe and explain
the nature he views and allow for his future viewing

for this 1s its purpose for existing.
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