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INTRODUCTION 

A philosophy of physics is an 1ndividual attempt to 

comprehend nature. For the individual who formulates a 

philosophy, his philosophy tells htm the scope and limitations 

of phyS10S, the future of phySios and the wovth of physics. 

A philosophy of physics enables its oreator to grasp the 

happenings in nature. It gives meaning to what would 

otherwise be a mass of uncorrelated data and it suggests 

future oourses of investigation; but for someone other than 

its oreator, it may be entirely meaningless. There is no 

single philosophy of physios that is valuable to all men 

at all times. 

The individual starts his search for a philosophy of 

physios when his scientifio curiosity prompts him to look 

behind the sheaves of data which his laboratory work produces. 

He looks for a pattern into whioh these data might fit, 

and then he tests the validity of his pattern by further 

experiment. As he experiments. the individual questions. 

He asks, IIWhat am I doing?tr trWhat am I looking for?1I 

"Will my method enable me to formulate laws that desoribe 

the happenings in the universe?1I trIs there a 'reality' 

in nature for me to d.isoover?1I 

At this point in the development of a philosophy of 

physics, one is tempted to recall the answers of lI authorities ll 
• 
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Perhaps one remembers the positivistic view that the only 

reality is 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 certain mathematical 

formUla, and he might accept Jeanls whole philosophy without 

another thOUght. One might recall that Whitehead believes 

that nature is essentially a process and that the real 

changes. Upon remembering this view, one might be ea.sily 

led to accept all of Wniteheadls philosophy because experimental 

results seem to change With every new reading. As we can see, 

in the earlier stages of developing an individual philosophy, 

it i9 extremely easy to accept the philosophy of an "authority" 

on ve~y little evidence. 

The individual investigator will probably find that no 

philosophy seems to answer all hia questlon9. ~e magnitude 

of his questions may make them difficult to an8we~. The 

impatient investigator, finding no answer in p~ilosophy, 

may join 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 is convinced of his need of a philosophy 

of physics 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 II where to start ll question must, I feel, be given 



an answer by olearing the field. There are first two areas 

where one should not start. One cannot suocessfully try 

to establish a philosophy of science with a decision as 

to the purpose of science as a basis. Bertrand Russel 

discusses the two major purposes of science in hiS book 

~ Sclentif1.c Outlook. Science is either a method 'lie use 

to know more about nature or it 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 

question, I feel, cannot be logically or lastingly settled; 

nor can a disoussion of it lead to clearer thinking in the 

philosophy of natural science. It is the type of thing which 

is felt, instead ot reasoned. The "knowledge 'for knowledge 

sake" purpose 1s somehow emotionally tied to the idea of 

ar1stocraCYi while the "knowledge to change the world" 

purpose is tied with socialism. I do not wish to decide 

which purpose 1s the purpose of science, for I do not wish 

to ~eal with a battle ot the classes. 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 is another starting 

point that does not lead to clearer or more definite thinking 

in a philosophy ot scienoe--is trying to decide what we can 

hope to find out about the universe before we make our 
•

investigation. lilt might be that wa have no nght to 



-- - --- ------

(4)
 

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, is natural to conclude a philosophy 

of science 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 is, however, a very poor starting point from which to 

develop a philosophy of science. Limitations are things 

a philosophy will point out to its followers after it is 

f.ully developed.. The idea of stating what can be known 

before a complete investigation would seem to be a retarding 

force in finding out about nature. If an avenue of approaoh 

is really useless, investigation will show its uselessness 

and the investigator '11111 not be left with a feeling of an 

unchecked view closed from his search by a dogmatic statement 

that man cannot hope to know the would-be end result of 

his investigation. ~e idea of limiting what can be known 

can lead to clarity of a low level faot, while making a 

high level hypothesis inaccessible. Stating that we can 

know ultimate reality oan lead to fa~se leaps over facts 

to nebulous statements which look to a priori reason for 

truth. Although one oannot fruitfully start a philosophy 

1 
R. B. Braithwaite, Bcien#1~ic Explanation (Cambridge: 

University Press, 1953), p. 5. 
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of science by s~ating what he can hope to know, it 1s a human 

tendency to want to have some guide when going into an unknown 

field. Nearly everyone who is developing a philosophy of 

natural science will, consequently, have a preconceived 

notion of what he is going to ftnd out about nature. 'Jfuis 

notion will affect his actions and thinking more than his 

idea of the purpose of science. Different ideas on this 

subject make people believe that knowledge lies 1n different 

directions. An mddington 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 collect1ng 

data. An operationalist who believes that we can only know 

relationships will, on the other hand, spend hours 1n 

the laboratory. Since our notions of what we can know 

affect, our thinking and action, since it is not material 

for a starting of a philosophy of science, and since we 

naturally have preconceived notions, we must~eat these 

notions cautiously making aure that they do not override 

avidence which negates them. 

What then is. the starting point for a philosophy of 

science? Since an individual is developing the philosophy, 

he must decide what 1n the universe he considers basic. 

What is the primary entity of nature? His answer to this 

question will tell him where to start to find out about 

nature and when he has ga.thered. his results and formulated 

his laws. he can look back and discover the pattern formed 

by the lawa. His interpretation of this general pattern 

will be hie philosophy of natural science. Hie philosophy 

-
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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 &s space, time, simultaneity and causality, it 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 basic, he adopts a mathematical theory if
 

he considers form as basic, and he adopts a functional
 

theory if he considers the event as basic. The philosophy of
 

science which is derived from a process which begins with
 

deciding what 1s basic will undoubtedly develop more quickly,
 

more clearly and more satisfyingly than other philosophies.
 

This is 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 it
 

uses a minimum of preconceived notions and emotionally
 

tinged dogmas and because by using this process, which
 

involves step by step thinking and action, one can tell
 

when he lIis getting nOWhere". I shall use Northrop's
 

division of theories of nature into physical, mathematical
 

and functional because, though somewhat arbitrary, it points
 

out the three entirely different entities which can be
 

considered basic and because it snows clearly how terms
 

such as wave, particle, time and causality can have different
 

meanings in different contexts.
 



It must be remember&j that the following discussion of 

theories of nature is not a complete discussion 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 proces,. 

one must choose somewhat blindly and intuitively his fundamental 

entity, he must then see what, laws can be derived from 

considering this particluar entity to be basic. If following 

this process fails to a.nswer his questions about the universe 

and to explain known facts. he can go through the same type 

of process while considering something else as basic. In 

this paper the three process which eventually emerge as 

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 phl~osophy of 

science is to decide which of these theories--if any-­

gives a convincing view of the universe. Does one of 

these theories explain known facts, give a logically satisfying 

synthesis of knOWledge and leave room tor further development? 

It is not until an individual finds a theor,y that can answer 

affirmatively to these questions that he can really start 

forming a philosophy of Bcience; for it is not until this 

time that he has ~vidence to support his choice of a basic 

entity in nature. Moreover. when he has found the correct 

theory of nature in his opinion, he can use it as the foundation 

and superstructure of his philosophy of physics. 

We will here treat a theory of nature as a specific 

logical process brought into being by induction whose deductive 

-____ :a.---- - - _ 
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re,sults can be confirmed as logical or 1110gical, fruitful 

or unfruitful by a group of logical rational persons who accept 

its basic premise. We will treat a philosophy of science 

as an individual idea which is developed by looking over 

the particular theory or group of theories of nature which 

the inilvidual accepts, seeing its limitations, its consequences 

and its full meaning. The individual philosophies of physics 

that we will examine may not begin with a decision as to 

the correct theory of nature and they may use the tneories 

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 "ho,.," 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 phjlosophies connected With them. 

Since the theories of nature are something upon which 

some agreement can be reached and which fit into a logical 

presentation, they will be discussed in detail. Certain 

indiVidual philosophies will be presented in order to reveal 

their connection With theories of nature. The diversity 

of the philosophies of physics which will be presented will 

indicate that an honest synthesis of philosophies is impossible 

and that these philosophies have a truly individual character. 



PART I
 

THEORIES OF NATURE 



eeL -T.B I 

l'H:!: R.... of 

a.ll n2. tural lc::,13 

theo 

t eory of ~atL~3 reveals the impo~tant iact that the: ~ction 

53 ti~l to tn3 cr3ation of a t~~ory of n~tur= is net allo~l~i 

t occupy m n's Dln~3 for lon~ b2fora the d3 etlan esaential 

to ch~ckln3 a t~eory is t~3 c~nt3r of thou~n~. Tha'iavel pment 

of a th90ry of n~tur3 is 

in Dction ani iv~uction ar? oth :lorl: all th3 tiIl'.3. .'1. 

:;,~n on~ vie-'l's 

system, which ia a ac e tifle t~30ry as proposei by 2raith~aite, 

atte • ts to x l;;i:!.n lo',:ast-l=val proposi tiona, ' ..~ich Ea.r~ 

ob3erv~ble f~cta, b 

r historically ~ amin n ' 

1 
-,.- - . 3r :. t' a1 t ~, brl.i e: 

.,.!l var 1ty ra a , 19 ) , p.. l' 
':".L~. 
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ev _10:;:'. The hi a =-ntal 

t c physical t ~or one s '3 ju~t auch an orl:...r~..L 3J.:,tel!! 

_:1'" i tias 1:1 n t re are .:;a t t,~r ana ..otion 12aj8 to low-lev 1 

er~11z~tion5 cc~cernin~ cbsdrvabl~s, SUC~ as t~ d r~te 

to ~a~'s a~e~tion 

before m ievelops tne logicdllv prior ~ish-l~vel hypotheses. 

AS early a ~40 E.C. t Greek atomists evel pej a 

ype of physic 1 t' eory. The tomists, by conslierin 

atuff anj c~ n ~ to be funj ental in ~'ture, Cd. tur j th_ 

,.. .of all phys::'c~l theories. De ocr.i..tua ( .J • 00 .r::. i...,; • ) 

" on' ,. t' '"'. ot-- J .. • • _.l..J ...... 

-a s:cal theory, how3ver, ~i not 0 ht. 

II ... ' -0 
........ .1. _
reek pro onents of' t~_e "stuff !1 c e l.. __ 0 ..''''''
. ~ 

oJ 

.or L unier a aYJ.jicap b_c us~ a pnysical C_eory ts . ts 

t" }reeks 19nor,::d ex. erimental ,,",til, t_ e t:~<::ory of th_ ato '15t87\ 

ha to remain ;hs.t .£instein c<:i..ll- an t1in e!1io s i ment of' 

__ ~_ :'.1.t~.1; 1 'in' c-1 0·..... " 

iet t- e a .. pe 1 of a theory th't al10 s man to ~l ',,·1 th 

i pI , iiscr_te particl~3 in3teaj of :1 tb a compl::x co·:t.L:uUIT: 

i stro 

cience. 

) 

~inst in anj i. __ fleli, -ll­
3i. on anj 3causter, 1(lei _ork: 
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_~oi"·t!:rcp says of .:. ph~'slc,;..l the2'~Y, 1131nc'= 1 ta f~cts ""re 

obvious 3xtensiv3 ch~r~ct3ri3tica of o~5ervei nature, an~ 

p05se~3 a u~iversality -i:lc:l fi!1iin~8 of t~~ t"'ch:s.ical 

scienc_ c~nnot enjoy, ~e ~ust !XP3ct this t~~ory to pos3_sa 

a. certa1nty a __ i a las 1 quality w~ich non3 of its riv"ls 

c~n	 3;{ual. 1t.3 

01 _~th~r t~e facts of a 9hysic~1 tneory are obvious or 
.~ ,,,'r\ -~"""1.(J' 

univ3rsal'~ay ~ell ispeni u;on how far ODe has come alon~ 

tee trail t~at 1_ s to an unierstaniins cf natural lais. 

"hat is real a.ni obvious for the be61nner is ofte~ a sUb­

tancel_ss ap arition to the expert ani convers_ly. In 

ii3cussins various t~eorles of nature, o~e must avoil th~ 

::r:az.= of 3p1 at oloGY. HCh' on~ knoNs--to the extent th;:.tit 

1s i~portant--is 5iv:n in tee process of tracing jifferent 

tri.eor1_s that aho f £10','1 rilen have l':!1o·..m. ,,'hat is real ani ~.,hat 

is apparent chanses not only ~lth chan 1nS t~eori~s of nature, 

but a.lso '\',it:'1 chan2;1n3 spec1e8 cf tile same t:-l.eory. l\ J.1s­

cuss10n of tneories of nature neai only make plain appe~rance 

ani r~~llty within a given t~eory. 

Th3 important fe~tu~e of a physical theory of nature 

in terms of the pr=vlous iiscuB310n 1s that on the low~st, 

or _ 1nnin~ lavel of inv~st1;ation, it iC3s seem to ba t~e 

oovious th~ory. If ··:e are ffi_3.itc:.tive inv~<>ti36.tors, as ,'rere 

the atomists, ~3 bagin by v13wins the worli arouni us. lhe 

trees J the rocks, ani other 920ple are r~~l a~i obvious 

F .	 .,). C..."orthrop, .:>ci~nc9 2....- First rril1c17#oles 
orlu n .aC:1illan Compa YJ ~:J-, p. .(. ew	 10") 11 
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on this laval. ~e io not conceive a rock to be bita of 

ener y or a f131i of waves. On this same l~vel we are 

aware that 30 3 thln~s are Qcv1)~ ana som things are ~till. 

Bein~ of a IDaiitative nature ~a sit ani think. If we are 

saarch1ns for racurrlns patterns of reality, ~e can not 

aj~lt thot svary ob~ect in tne univarae is a funiamental 

part of natur_ nor can '~a almit that tne various klnis of 

motion ar3 funiamantal; but we can day th~t matter ani motion 

ar~ funl mental. As can be infarraj froID t~a above, a phy31cal 

theory ~euli ba Devious on t1is lavel for the me itator. 

If ~~ ~era e irical inv_st! ~tors, we ~oulj b in 

our att3~~ts to uni~r3tanj nature ~llth 30~at~ln5 n~ar-at­

hani as ii1 th_ mailtators; but ~a wouli not be satisfiai 

~lth a V8SU3 ani qualitative i33cr1ptlon. The rocks, the 

trees, ani the motion of a bir1 ~ouli still be real fer us. 

Although ~oulj beliave that matter ani motion ~era some­

how basic, W3 wouli .~nt to know--if we ware a Gal~ileo 

or a ewton--ho~ n~ch matter ~roiuces how illuch motion • 

.i:; ','oul:3. :Lslr~ ,;,u~ntltativa ~no,'l1~:i e of interactions 

in nature. 

fU3hing bloc~s of iifferent sizas a~l iropping ston~s 

out of to:'lera woull (Siva the empirical inva3tlgs.tor qua.nti­

tative knorila1 _ ani ~ouli b3co~eJ for him, lIDporta~t 

3xperlrr.ents. J;v3n thougn the I=mpirical 1nv-9stl.:;ator ha.s 

pro~raas~l to qu~atitativ3 3tU~Y, he i3 still on ted b :1n­

~in: lavel f3 tae f~cts of & 9hysicGl.l thao~y are obvious 

ani m~anl~sful in lisnt of hla 113cov~ri3s. ~a.tt3r ani 

motion are 3till b~sic. 
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Th_ fir3t !J~rao.n to U:38 a physic",l theory of' natur~ 

support9i by 3xperlmvnt was Galileo. aincs th~ n~tural 

u_ port of a. phy Sici.il theor} -·roull b~ 3x;3rilr3nt J it 1 s 

not 3urprlsin~ tn~t Jalileo, tne ssurcher for ~mpirlcal 

-~o';l~lga, waa 1~3trum3ntal i_ brin 1n~ about a two hunirej 

~ciance com~ri9in8 exparimant 

anl theory r3ally began to function with Galileo. 

Galileo in hi3 time saeme~ to be a 9hilodcphic~1 

I--evolutioni at. .8.1 thou.S,h hs ;.'1as r sturnin5 to i-lha t ~!orthrop 

cal13 the first 9rlnciplas of a phySical theory, his con­

tem?orari~s saw hi a a man iaiying the oli 33tablishei 

fl~tonlc ani aristotelian science, in orier to present 

De .... los of n:lture. After centuries of the form-stressing 

t~eor13s of ilato ani hia folloNers, ani after the mii~le 

a58s Nhen empha3ia was put on Aristotle's functional theory, 

~Qll130 appaarei in the early S3ve~te~ntn century to proclaim 

that forc33 anj mass not bei~g or becoming were funia~ental. 

Thi3 ret~rn to a phyaic~l theory was 1n1e:1 a sharp chan~e 

in t'n.ousht. 

~ali190 aff~ct3i hia worli greatly not b~caU3e ~a as 

a h 3icist jropoaei a physical theory inat9ai of a functional 

tneory, but rather because h13 pro.;Josala cont~aiict2'j 

Ari3totl.:~ I S fu~ctlonal theory t."~'l1ch \13,S ti~i at~onsly to 

the taneta of e C~thollc Church. P Jsic~l t~eori3s ara 

_ot suitable for an authorlt~ria~ syatem such as that of 

the Church, bec~use w1th O~a dxparlm3nt all pravious b31ie~s 

c~n ba invalidata. ~o fix~i system of truth c~n ~a est blishel 
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u~.,iar fir3t ;Jrinc1pl ::3 that make experiment ·....1 th th physical 

warli the court in which i e s are trial. ~s ~orthrop says, 

lithe methois of scl_nce have no rsspect for trajition." 4 

By contr~ilctln~ t a pr~viously ~3tabl13hei fu~ctlonal theory, 

Jali1eo ~a3 aivocatin, a syst~ that couli De lisei to u~jer­

mine the authority of the C~urch. 

Th~ v~5ue Greek iiea cf matter became, in the hanls 

of Galllao ani his followers, the finite quantitative 

ilea of mass. The ~re3k liea of motion ~ata orpnod~i into 

the 3a111ean ii~~ of acceler~tion. Than came the iiea of 

force. Galileo iiscover31 the co~capt of force ani wton 

preoente' it pr~cldely.5 he concept of force fo1lo~ 

the concept of motion b c use lnv~stiE~tors ~_t b~yoni 

'::ct1n3 t at an oc ~ :ict movel uhen pushel or jrop~ e1 J ani 

~ske the s~lv s hat ma es an oc:ect ove in just a certain 

.wanner. Ga.lileo conceiv'~j force to be that t';hicn 

a ti rate o~ eh n_e of v21oc:ty. Tna conce. t of force 

as ~e :now it ;ias born with Galileo's 3xp9cimants. 

Galileo brousht sciance lown to earth an maj it of 

pr~ctic~l US? In3t ad of c~lcul~ti~~ planet~r maSS3S 

an p ths, 3alileo iecij~i to flnj ut 'hat eterm ne the 

final v9loclty of an lnsl:nlflc~nt ~arthly ob~_ct w~ich 

he roppe.i fro:J1 a Dai:llt. The f'i~G/.l valoc' ty o-aviously 

I b';'!., .;J. 3 . 

5 
~ln3tein and I~f'~li, ~. ~. 
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ia~eni~ on the ob::ct's ~el~ht, ita liatanc9 froill tri~ 

-..:ro 80;'1.1 tl1: time of fall, bt:.t 1 ich of these jet rminai 

t~3 ob'sct's terminal va~ocity? Tne ~ma_ of ~~lil=o iro~pln: 

ob _cts of i:fferent eights from tn~ to· er cf ?isa flo ts 

o' throu h hi~tory unconnectel :Tallleo 

.l·.3rel~r "1-'3;'151 to fin out if tha fi-'l': 1 veloc:' ty of a maa iva 

-cb )c t '.:0.3 )rq1ortion 1 to its ole ht. The ".191 ~nts lan .l. 

tar, it wouli h ve s'chal the rounl soonar. F1n~1 

v ;lac~. t r ',:3.S, t!'_er3f or ~, not )ro ;Jor tion I to mass. :T£.111 eo 

ii] not j'3penj entir"91y on experiment for hi momentous 

ji~c veries. H~ la -.eatly aijei by hi intuitive ius, 

5 vijencei by the ~ct that he 

evii nees for lecillng that the veloc:ty of the iropp~ 

'_ct .iiJ. nct e_ ani on the i1:itanca. H-:3, ho :;ever, ~cii3i 

~s proportional to ~~e 

tima of fall, ani was lsi to his f ill us ex.ari ent ~tth 

~~ i~cline plane. ~i this eXJerirnent h3 eat lish3i 

the r~latlonahi batwe n ilstances an lme that was 353sntial 

to a b~lief that the final velocity 1epe~ds on time of f 11. 

If lane 13 inclin~', it is ca able of }rciucing an 

accJleration, ani therefore, a c~an3e in valoc ty ~i h 

ti It 13 3viient th~t tn~ tirn~ it t~k3S th~ b~ll to 

roll .:io' the l~clln~j .la~e eter ln~s its fi~~l v31oc!ty. 

~ Ion: r it take the g 3 tar the chanc 2 i~ v310city ani 

t. _ ~r~ater th_ in 1 velocity. 
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Bec us;; of J.alilee's ~or_{ t:_B conc_pt of tim~ "b'~ca.e 

import nt. Forc~, ona : t~~ funjamental as cts of natu~e, 

accorj to }<2.1ileo' s p!1 sical th or~r, "8.5 known to pro uce 

~ot valccity, but ~ r&ta of chan e f velocity. Gali130's 
e 

--/crl~ -,lit t:1a i~clin:d pla.ne foreh~ 0~';3 ~e~'lton's flr.3t 1 \"1 

of otion, -..,hicn e:nbcl1~3 t~e pri~cl.1e cf inertia.. ',;itb 

tn~ ai~ af co~sliar~ble in i t:t was Been tnat if the 

~lan~ is ho zont~l ~o acc31eration is prssent ani a body 

that C~aseB to be pushei ~ill net 3tOP _ovin 7 ; it will stop 

cha~oin6 its r~te of motion. It will ccntinue to ~eve in 

a straight li~e if nc friction 13 pres:mt. AS _·e ton 1 tar 

~_r~ boly contin'-=3 in a st~te of re3t or in uniform 
tion in a 3trai~nt line u~1333 ~ctel en by so force. 

T~e p~ysical theory of na ur 

ti:ile .ov:...i on. I t3 eani~ as exten e - by th8 men :'1ho 

au~~orte- a~j ~3el it, ani the lc:ic~l implic~tions of its 

r~ furtner ~x lorei. _~~ton, born in 1.42 

(the ye r alilso jiei), ~velopej a sy tematic t~te ent cf 

~~crianic3 ani ~3ta lishei tha v~liiity of th3 phJslc~l 

theory in th 3 far-a. o.. ay as \Jell C:.l.S in the n ;Cir'-at-hani. 

Combln_n "'ali1:30's iiaas ·.... it:->. the r3su1ts of ~.. ls o·..m 2:xpsrl­

nent , h3 !lLi:8 <ible to ail a 3_coni ani a third la;~r of otion 

ortbr'op, i~ "iacu3ain~ this iiea in his 3cienC3 ani 
First rlncipl~3, qu~~tio~s tbe ele ental natura of the ­
co~c~pt of time. H says that si ~ce th concept f tiLe 
i1 not arise u~t:'l after t9C' ic~1 scl~nce foun1e.i ~:m a 
physic' 1 theory of' n ture -.las 1ev_loped., t me must fini lt3 
basi in matter a.1 ~otlon. Ti e oul then not be Cas1c. 
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to . is prey oUdly 3tat3i f~r~t law. The 33CO~~ la~ of ion 

st~tej th t the time rate of c~~n2e of JOill~ntum of a boly 

is )roportional to the rS5ultant forc3 acti en the tcly. 

r~ i3 1~3 later ~~terprat31 a~ stat'n- t ~t force equ Is 

nasa tl_~s acc313r~tlon. 

Th? secon-i la~·, of 00 tion ::.. 3 iI.;Jliei by G..... lilao t S \·rerk. 

AS ::e hav~ S3;~~, forca ~as l{no\·m'to JrOiUC3 a.cceleration. 

Je\ton a1d~1 a. c13~r statement af the coniition by observin3 

that forca 3qu~ls mass ti~es acce13r~tion. T~e thir~ la~ 

statei that to every force actin3 on on9 boiy thera 13 an 

aqual ani 0, ;oait3 force acting on anot er bojy. "e h va 

i~rivej from th~ la~ the law of conservation of ~omentum. 

~o ntum i th proluct 0 mass time velocity. 

~ewtonl3 ~rlncipal contribution to tha atrs~3th of the 

}. sic 1 t~eory is th t hi3 syst~matic :i~v31o;n::!'3nt of rr.achanlc3, 

a science w~ich 1s b s~ on phySic~l taeorJ ~ith force anj 

ad GoB fun ::1lf:antal, prov:;-i so SCl.t~ 3f<:<ctory 1'1 3xplainin 

th3 ~otion an~ prejicti~ future pos1tions of bot~ tarr -trial 

an- cel~~tial boii3S that ~t se~v9j for over twc centuries 

as the pr3vailin~ theory of n~tur9. 

Ne,-:ton showe t t th:? la~" of D~tur 3 the:. t appl131 in 

the Cb.ae of an apple falling to ~~~th '.las t~e .sa!:l8 lc:"~ that 

appli:1 i:1 the c~sa of the :r.oon failln.: tOilari tCls ea,,"'t!:i 

as it r~'!olv::,s c.:out t:J.a e8.r'th. This l;,e c_ll:d t~le universal 

la' of Er~v~tation, it stat~s that tbe forc3 ~hich ~xists 

b~t leen t'.-:o bojl,:;B 13 equal to a constant tlQ30 t~13 ~'roiuct 

of the lasses llv1j~i ty t~e i"stance bet,ee t~e boiie.s 

3 r0i. Thera 3till re.~ n9~ & probl3m or th~ ~enius 
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of L ton to solve. In l·s',lton',3 st;;.tement of the la'\,! of 

ra.vit~tionJ the maS3as are ce~3:ierel to be p~rtlc19s; 

ho~~varJ th3 earth in rel~tion to a falling apple 1s iarlly 

a pa.rti cle. ,i!l.ere J then J coull the lEass of the e"",rt~ be 

sail ~o be actin. To fini t~e approprl~te iistanca between 

the apple ani tne es.rth _',.;to~1. 13 3&.i.1 to h::INe i~"lentej 

the calculu,s. 7 

~ath the fO:Cwulation of thd IE-',o{ of Gravitation, the 

:phY.5':'c~l tbeory '"as at the hei-:ht ef its -rlory. One only 

neeiei to mo',': the 3traizht 11:1_ :1istance tetHeen two 

bo:li_ S &l),j thair maS3 i!2 orjer to k.-"l0i'l t~:e fOl""ce 8.ctin 

bet~een t~am. 3a11leo'8 work tells U3 that force is the 

only thine that can aff~ct the futur' __ th of a bojy. 

KrlC ,:lnS ths forc 33 actl::g on boiles ani their rasent ~ os1 tien, 

one coul~ pr3iict the pdth of tne bojy, anj thereby prei1ct 

a fut;';.r~ st;;;,;,ta of natu.re. Ti13 :llystery of :."latur-e see ei to 

be solvai. Coull not rna;" au --utile tnat !.L -ns-", t::e ;::Qrl~1n.:.:s 

of nature if he coull pr.:iict the future state of )b~3cts 

on earth a~l in the h~~vana? 

Th9 ~atonishin SUCC9S3 of classical c: _ les sug sts 
toat the m chanical Vi3W ca~ be ccn313tently appliej 
to all branch 8 of physics, th t all phe~omena can be 
expla1n~j by the uction of forc3s representing either 
attr~ctlon or repu1310n, lepeniin3 only upgn iatance 
ani actins betNeen unch n~eable particles. 

7 
inal u. 3tep:>n on J ~· . .:;cha:11c 3 a~i 

o •atter (3r- ~j.; .e-l York: ':0[-.11 ~:lleJ ..... p. 84 • 

8
 
~insteln anl I~fi~ll, p. 67.
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....t th,1 poi t the ph1r 3ico.l thsory's 11n1- ""ith i~terr,:inis:n, 

ona of ita chi f fe turos, i3 ~rou5ht formrl. It follo~3 

of nat re a.r3 rna t ter a i J}oticn, tb..b. t if on'3 l:n,~··,t t!lc forces 

acti on tn~ae 31titi33 a~j t~sir l~r~ction of . tion, one 

:Jou11 have vi tal kno'de ~e of' t~e or ..inS3 of :1:0. t'.lre. Thi st 

t .owl 15e ~ive3 one t: e ability to tall ~ v nag 

a.	 to pr~ ict--or ~termine--\",hat ;,:111 hap~)en. 'rh3 

lis oricb.l link bet een et rminis ani t~e 9h~ Sic~l theory 

_ ct that the )hysical theory 

allowa ~an to thi~k in teres of finite 113co~t nuit19s. 

The anili~~ of iiacret3 ~an _8clbl_ ite~3 may ive ~an a 

8_n e of bain; abl tc control anj to ~r~llet th~ action 

of these fi~it~ units; a~j thereby, the action of t 

niver e th t~.3Y COIIl)osa. 

It rna] be the s~eC93 of t. a .hysic~l t~eory, i~ t~e 

for of cl~s3~cal ~3chanic3 aa res nt i cy Na~ton, in =xplain­

in natur:..1 ph,momena to a :'_ "3t a. JroxiGlb.tlon th::.t ..a a 30 

many n_n te~nth :3~~ury h siciats c3luctant to -iva up 

el salcal ~3cha~lca aV3D :h n th~ f191~ theory of axwall 

brou~.rt o~tic~l ani e1actric' 1 ph9nome~a to ether 80 eauti ­

fUlly. These sa, e physicista cl n~ to the ather as frame 

of r3fer~nce for l~et~omasnetle isturbances Ion after 

tether bee m a fljtile co C9)t. "Cla.3sicc.l .3~i~:lc_ 

assumed. that tho _ :nan fe3t~tl!)ns '.!9 c;:..11 el:::ctricit~r. 

ma ~tl an1 1i~. t -:er,;, nothi~g but strains in a~1 lmpon1erabl~ 
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medium the st 3icista 

th3ir emp_ric~l h9rita~3 in the res lC3 of the succeS3 cf 

th9ir tll ~ori,,",.5. .\ phy iCdl tr"290ry oets its lii'e 'leo 1 fr m 

~x)eriID nt. .~lwn i t ta.1L~a toe authori ta.:..... lan for3 in ';hich 

ia every reason to believe it :111 stray a~ay from the 

roal the:.:.t lea to meani ful iiacoverias. Poincare in 

Ui3cussins the ?lace of empirical evijence ani 5ener~lizatlons 

proviiel a ::.ey to tha error of his nin3ta.3l1th ce~tury 

pred_c3330rs who put too 1ittl3 stres: on empirical 3vlience 

as ell as to the er~ors of tho ~ho 3~ress mpiric~l avilenoe 

beyon.l the oint "lhe:~e it is v~lua.ble. 

11 ~~erim nt 
can teach u.s 

is tne 3012 30U-"...... C:? of truth. 
sometnins ne~J it alone can 

It alone 
'ive us 

cartainty ••• (but) it 13 not sufficient ~ere1y to 
observe; ~'/d must use our observations ani for that 
pu:"'pose -Ie must nera1ize. Thi5 is what has all.!ays 
been jone, only s the r~collections of past errors 
h~8 maie man mor an more c1rcu s ~ct, he has 0~3erva~ 

are an more a eneralize 1 sa ani less. ~ ery 
a has scoffe at its predeces~or accu31no it of 
avin~ ~nera1iz d too bo1 1- anl too naively ••• 

Can not e be content lith ex rim·:=nt alon-e? _0, 

t t 1s impossibL,,; that 'joulj b3 a comp13te rllis­
unj rstanding of the true ch - cter of 3019noe. • • 
~clence 1s built u of facts, as a house is built of 
stones; but a. ac u oula ·ion of fact3 is ~o ore 
science than a hea~ of stones 1s 8. house. 11 

~p~r:-""'~~t a_~.i en~raJ.izatlon are botQ. o:,uclal 'to sc' ntlf1c 

'i I """0 1'n..:. ~volu""; on 0':' c ~nt~ .ole TholU,-,:'.:1t (2i ~ .....l vJ.. J _.L_~ ~ • ""_ .. -=- .:J _ _.1 . • , 

•. 9\'1 York: OV9r _ubllcati ·ns, Inc., 15,45-), p. 116. 

10 
.3""n,r;_ ';lIo~_~-..... ~..... ~,,~ '~".::. n \T ot'",c:>o; - t'-'ar;~'- ~1 _ .L. :'.1_ ..... _, :J ..... .J,.=~_....,"J ~ ...:.._ ...... _0, _ J.~. ",_ t,;a ........
 

J_- York: )OV3r :ub11c~tlon3, Inc., 1952), p~. 14 -141. 
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pro re 3. ..e .3hi5.1l 3ee t~9.t sor.;;.e ij,inete~nth c::>nt~ry hY3icists 

ov:;;remphasizai the r ner::::.l:":3a t':"on anJ. i-,nor~j tb..: "x~)er:i llental 

evljenca. This atti tuia -'12.9 to chan _ 3rS.J.U6.11y -..lith the 

co_lng of t t· enti th century until in the ~ii-t~~nt13th 

centurYJ1: ~o not hav3 

Tha success of ~Dwtonian :3chanlcs may a180 be the ~aason 

that the ;hysical theory WaS ke9t in mora or less 3tatic 

for~ from 81ton to ~1nstaln. In many ~ays ~in5teln's 

r~l~tlvity th00ry is th~ ultimate physical theory. Northrop 

6,raphica lly 133crib3s the nays in !";hlch the r0lativity 1s 

a. phsrsical theory. Ei:insteln, hO',;aver, goes beyonj the 

physic~l theory as presented by classical mechanics anj 

in loin3 so renlers us~le6s such concepts as its ether. 

Einstein CCin be r-jpresentej as the man ~·.!ho put the )hyslcal 

theory of nature back on the riGht tracks. 

In Tbe Svolutlon of PhYSiCS, oy Zlnst~in ani Infi2li, 

on3 can fini (I) the r~ason that m2chanical Vi3hS had to 

fail ani (2) the way in ~hich ~ln3teln ~ent bayoni classical 

mechanic3. Tna folloi;ll1~ eviie-=:ce for th J:3clin0 of tn'~ 

~echanical vie~ is taken directly frGm ~lnQtain. 

Th~ first crack in the armor of the machanic~l theory 

13 !"3vealad by Go ji.::;cussion of tne '-"x)er-Lr.3ntB of C3t'stgd 

in ..1i.~lc~ th3 for'c3 bet.v63n a curcent c:.irr·ying ".;ire in a 

loop an_ a .aa ettc poL~ in th= plan": of the cir'cle is 

3ho~in to be ~ fore p~~peniicular to t~3 )lan~ of t~a 

~~ir~ loop ani to depen' on the velocity of t~e char:ss in 

t~a -..;1l"''9. Thi3 i:3 c:ontrary to th macha~11cal ViB'I in -';'11c11., 
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II.d :csmemb r' th:~t the forces -:;-:: ~"'a it~tion, elect:::~ostat:ies 

oce'ri!13 t~2: la:s of ..Je' ton a.ni Coulo b, 

~ct ~lon' the lin} olnin3 the two attra~ti~5 or repellin~ 

,9 s~all l3av~ Oeratei for a moment in orjar to 

A s~con trouble for th; m~chanical view cams in optics. 

Th n tu·... 1 thin to a.83UID", un:ier a ph~'3iC3.1 theory is that 

lln~s ani causin a se~s~tlon on the r~tlna. ~~ 2xplanation 

of ~~fruction, refl~ctlon and color can be male 1n t3r1s of 

a cor_ ccula.r th~or,)' b:,T a':liin aj _ oc hypothas33 j but the 

a~ou~j opaque obstacles seriously ~m~a1r~i the corpu3cul&r 

tLeory of 11 ~'ht. The f;j,ct th<::.t Young ani others ahmlei 

the "beniin " 0 ~ Ii -' t '0 not iizprove the cO!'Juscular 

t~eory; it requiraa only tha.t 3up~orter3 of the corpu3cul~r 

theo:!'}' ight t JL" t~:ca:'y io~:m by a111n::; ne~·.' sub3ta.!1CeS 

an1 11eas. To ilscover t~e tneory that 0 t nearly 3x91ains 

the .sor:(ln:;3 of na. ture, one ~,lU.5t 1 seover t:'18 t:'lecry \·,hlch 

:frQ!l1 1t3 l).... slc aS3UIllptions ean cledo!'l,)' and lo_i.cally :;,xplain 

a henomeno . ithout the ad 1tion of unju~ al hoc hy~oth35es. 

Zi~8t3in poi~ts out that th~ fi~st gersons to li3ca~1 the 

co~puscular tleo~y of li ht form 

The lave th or1es that ca jir3ctly after ~e~ton wera still 

11 
O?31nste1n ani Infi~li, 9. .-' - . 
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1 U ,1 ':ihlch, thou;:b. J.mponler2.l:1e, 

b hv~l Ii ~ a physical 50111. Tna tneori3s of li~~t 

i1 not ~ lm,l~2diat91y :1"08 li9<is of Ii _.~ t as _ar- spheres 

to 1.... -3 S of Ii "ht as a substanceless _19ctroma n:?t:-c l~V'2. 

It too a long tim fer ph:rs:'cists to chan ~ their f~r.:;t 

... ... ... 1 j '-:J".lare noU" S3~LJ a • ...!...­

tla dare ula~e U3 anl i ~sije o' a 100_ of wir3, ~ins in 

sho"s ho:: t::~ oech n::'cal explana.tion ::'''92..11 bevan to iva 

pole lyin..:: L, 

1a _ of t '2 loa f .3:1 a curl"'~ntov_ 

o~r:L 5 c' "T" ~..,; cause 

of fo~c of th3 fi 1j .ncirc1e t~e ~ira at ;v3ry ~cint 

c us n- a ~ en icular to t~ s locp 

of ',':1':-2. T~.i ~ fo~c':: ' ets in t:-'_€' plan of the m at. 

th~ t ~~::'on. 

12 
of l' -0 • as not e j. ~instein 

to th- c r_usc 1 1" th_ory by 
effect. ~instein receive the 
th photoelectric af ct. 
photon.:! that '.1 s in un,iles, 

raapp~are1. ~a be a 
an1 motion as funlu ant"'l is 

th matter anj m tioD 
tak~ us too f~ r afiel- • 

for ala 1 1": ~it~ 
as nO',1 ene 1"""', or 

th c _uscu1ar th ory 
-'.i th ener 

physical theory 
Thi hO'Javer 

-- ----- -- ---. -­



Fi, I • I-I ~gd~S ~~4)",", • u,,. ,.t"~ C q ....... i_, y, ,toe . (A,f~ r
 

f.II S fCi" q, h~ r,. -Fe -4J l\eE.,.,I.....io- 1# ~ p~~{ i£i ,) p. I)1. ) 

.!:lectro,iY'lamic.:> co cte 11th a currej,.t c&.rr rln~ '::"ra 

caus9j till more problem3 or t. e pays:cal-tneor -base 

c1 lcal _~chanics. ovable .a et· ith movable c_c ~ 

circu:t a usei to ~veal on of these probl~rns. )'Abro
 

states t e results of movin fir~t the ~a- ~t then
 

net efore 

a closei c rcuit or the cl089:1 circuit ,~for~ t._ rna net, 

the c' rrent In.iucei 'n t 

ca e, so far s 9:;{ ... riment c n d.etect. II at , ch a ears 

ne can S9 t. t anyt: in- that affects th~ conce ts o~ 

motio ~atly a~f9cts the physical th ory, s'nce one cf 

th niamentala cf the phY8ic~1 th30ry is ~~tlon. · ... on 

r _ lizei that r-::l ~ tiv moticn '~Ai .=.ts in m.--;chanic s; cu.t SOij!9­

ho 1 th "hys C~St3 . e cam after ::11m 1Ll not b~li:,v3 roel tl~r3 

otion appl" 9i to el~ctroma=nstic an 0 tic' 1 x)eriment o 

CIG.3sical schnce 3.33- ~ that motion' n these case im_li~j 

"'otion ',:1 E:. l"as ...act t.: t~e sta:: . t _.er, an.i that lectrlc 

oin tn~ough ether. 14 

14 
his m y b evii nce of th~ corruption of a so nd 

phYSical theor b arsons 'ee ajopt~j t e wori but not t e 
p_ri t of e~·lton. 
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,.' . ch of caur 

v31oclti_~ of ma net a~i circuit t rou_h t~3 au)~cs ether t 

ir'l"'elevant, cla.ssica sci :_c~ ':fa.; _n b ~ position. 

Confrontei ~·th th3se e!}ct~o1y~a ic 1 ~r'oblems, 

) I .~cro thl~~~s t._a t Elnst3in f 21 t t"t:l s ay j n· oul..i i t ~ct 

b simpler' to a op Go ~.or~ Cf..uticU3 2.ttitul~, l,~r'ivl 

from ~xge~1~ent r t r than try1ns tc ~econclle ~xper1ilent 

'.J~ t':1 a seri 38 of a priol~l bell:?f:3 '..:.1 iC:-l for all 

the~e 13 no ~bsolut9 velocity; all v31oclt~3s re relativ_. 

~1 3tein's 5~~cial t eory ma~e~ us of th 11 a of 

reJ! in inva~"'iant rh tev r th~ V~l0C:' t~.. of' ~~'l.e fr~Q.3. To 

compensate for c' anges 1r- ti112, len t' , and.. ass caus 

v~locltie3, transfc~m~tlQns are 3n;loyei. If th3 

la' are to be 1~v~~1ant an~ if th~ v2locity iv to chan 3 

the s cs tim coo_ inat_s, then it 1s th ~orK of t 3 

tr . 8~or tions to chanQ:e t ... ace time coorjinat~~ in a 

.ann r th t '.·lj.ll allo: the la!s of !1:.. tuce to 1:e :'..nvariant 

• The velocity of Ii .' t 1s 

t k_TI to be consta.nt. These n _- j tra. for ations ~e~a 

15 
i ' .._bra, p. 143 
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Lor,ntz's tr~~3formatlons ceant reI tlve ve~oclty cf fra!U~s 

not 7~lcciti~s t(ll"OUCn ~the.r. 

Fr-om O"",r3tej I a a j ?c..ra..iay I s experim nts:, '!~ll 

i:~i j mathem tical e uations that ave th struct~r~ c: 

'1. t h c:..l:;- an 31~ctr ma:n tic fiel ani h_C.l solv d 

any of 13ctroiyn lC6.1 ;>ro:'1 os. The fi 1 rep sents 

anj 3xi3t3 because ~ tim3 r~te of chan of t' 

a13ctric i1 Ii pro uces a spaC3 r~~e of chan 

ani rOQuce a - av tr~vallin at a certain vdloclty. Thls 

',:av oes ot r .uir~ a'~ 3tn~r. It trc:.v31s throu . empty 

"ax-'lell' 3 uat1on3 ar~ 11~lt=l 1~ that th y j3scr1~~ 

only t~3 structure of l~ctroma et1c f1~11 at any pol t 

in s _ce ~t ~ny 1n3ta~t. ~ax~ellI3 fieli e~uatiens a e 

further Ii ·t~l in that they v_ry prob~bly break io, for 

is a iir3ct conn~ct1on C3~]_~n th ~ifficulties t~at appe rei 

in el3ctro.iynamlcs 1 th la ter . t of t~e nin=teenth I ­

c_nt } an t .. _ adv t of th? fiell theory. here 1s e.13o 

a conn~ction b:t· sa t v lopment of t:1-3 fi_l1 theory a.ni 

.!.o1nstein l 3 s~Lc1 1 th or- of r_la.tivitJ. ~1n3t9in saIlS, "th3 

to ory 0 rel~tivit· ~ris~s from t~ e fiell ~robl~~s. T 

cc~tr~iictio~3 auj i~cons18t3 C133 cr.' ali t~~o~i~3 

ferce U3 to ascrib3 n~ ~rG~arties to t~e t:m3-s~~ce 

-­ ---­
I 
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contlnuu to th~ 3~e~3 of all eV9~ts ~n our }hysical 

","01"1 .1116 

e nave 1118'.;81 the' ay 1·: ·...(lio::" .!!.insteln "r~Dt oeyoni 

t. or] of r~la.tivi ty has b38n i ven a COD:.'1-=-otion \\~i t~ the 

fiall theory and formallam; on3 ul~ht won:3r ~~y tha r~lat~vity 

th90ry is iiaousse in a ~_.i."e3e·"lt<:.t:_on of tl'i2 .ievelopm nt of 

th3 physical theory. To unierstani ~lnsteinls ~lace in this 

i1acUBsion ana ust realize t at ~lnstain "I&S erkl~3 at a 

tll1~ ·..~h3n thep9 'as gr at confusion in physics. Cla.sslcal 

.~chanlc S '.-las cruillblln ani hai in many ays lost touch 

",'ith it3 p~Y3icc.l founlations. i:\io formal--"·.athematical~-

th orYJ net even ~ax~all's equations, Gxplainej ancu2h 

3ex;erim ntal f~cta or was :;911 enous~ j valop3i to be 33narally 

acca;>tel a.s a basic tn80ry at' natura. FU:r1ctional th aries 

of, but iil net ~r3atly influence the lorll of 

the physicist. Confusion arises if ~e try to think of 8instein 

as carryln_ on frem 90ill3 pr3v1oue ~oint in phyalcal or 

math m~tioal theory. ~in3t9inl8 c~ief service to 3ci9nce 

to ~ipe th~ boarl clean ani to 3t~rt all over. ~o one 

c· n for ~et campI tely th3 cOD:·13xitiea he ha.s casn taUGht 

in th9 paat; but ~ln3t31n ha~ a skill fer -oln~ b-ck to 

'bcl.3:ic simple conc3pts. ~3 US31 all available . 0".. 181 ~ as 

16 
~insteln and Infiali, p. 25~. 
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a tool to t him to a point -iliere h couli ex_lain eV3nt3 

.. oc 'ypo h""ses. W~3 a sreat synth~sizer. he 

cocrdinatat systems mavin iformly, rel~tlv~ t~ O~9 

another all la-'iS of -:}<:;. ture 0:" ~ t:,. ':; same a i one has no 

a of ieterminin ab olute uniform motion. '!he e ri c_ples 

both ad much xp riment 1 co~firmation n o ex erimsntal 

contra iction, ut th contre:..i::'ct-si ch o~~er. ~n9 dependei 

on a 'Ie oeity b_in absoluts tb_ ot r ~ pende~ on ~ll 

velociti n relativs. ~ln t in sa1 t at the only ~~i 

to io in this iilemma ~~s to ~u23~ion th~ prinei~le t~~t 

male th_s t~c prlnc1~1:s contral1ct 8ac~ ot~er. T. is 

c- Ipr t prinei Ie \ 

sUbtraction of v210citles basvd on th iiea that tim__ s 

ab olute. Ti. e mu~t be r_gari s r ..... l· tive. T~:,~ disccvery 

of the r_l t~vity of time l~ 3in tein to th ~1'~cv3ry of 

th_ r 1 tivity of multanei 

contrib tioD of th ~peelal theory c~ r81atlvlty. T18 

rinei.l of rel'tivity of simultaneity may b~ _ri~~lJ 

3crlb_i in t' is manner: an _v_~t t t nappens 31 ultan ously 

-,Ii t. anoth_r ,_vent :'n the e es of an observe:, in cne e or I1nate 

8Y t_m, ill not a pen 1multaneou ly for a. obs ~ver ho 



(30)
 

coorjinat 5]atem i~ movin at ~ ifferent v31ccity.17 

:ort. op not s th't : nstein illustr te tne pri c1 1e 

of r31~tivity of 3imulta~eity ir. terms of pc sic 1 ob·ect • 

~in3t in atates t· at t··o Ii htni!! bolt tr_ in~ railroa" 

trac 5 t"iO 11:;;8 apart ',li 1 cauae f1 sh~. Th", onl ot 

,here h s tl sp tiall 8e~ ratea f ash i 1 seem to 

occ r t 3 ct y the amv time is a ot eq di tant from 

th t;/o 1a .19. Li t tr fels at a con tant speed anj on 

whe i h equ 1 jistanc_s to tr~~31 eill it in ic' te qual 

times of tr vel. Throu out :inatein' iscussions of his 

s cial an ner 1 t eory he ive exampl s of his co cepts 

in t rms of hy 1c 1 0 acts. 11 t_,-, I' lativity in ~instei~'s 

eories is define in t rms of cloc s ani rois. of 

the e re physic 1 ob eets. 3v n th v nts f t_e relatiVity 

t" eory are i ven in phySic;;..l term's. Thi.3 is one fetor t:1at 

'ivvs the reI tivity theory a pl~c3 ao a ysica1 th30ry 

and a plac in our his orical jefinition of the h 8ic~1 

theory. H . ever, th_re i8 a uch more b 1c r aeon hy 

the s eel 1 an general theori33 of reI tivity are p ysical 

en r 1 thvory of r lativity by makin 

t· 9 la.: of n' turs v id for any cooriin t_ sJote --ace 1 at_­

or not--suecee 9d in a in matter and motion fundamental. 

e asic ensor e u ion of t:.. ~'ener 1 theo~y of reL:. tiv'i t 

is the f I'm of the la.s of motion of ph ~c 1 ob~eets in 

this univ rae _eh r main can tant t~rou hall iifferent 

17 
h~s coneaut ill b Q iealt lith at reat e~~tb lQt r 

in t· ~ paper. 
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ralat va ~ravitatio a1 an geometrical i9scI'i~tion3. 

This u tion Ilj - 3 at~s ho- th a~solute motion of a 

:iV3~ ~a33 i~ controll_i b its absolute ral tio~ to tn 

r~st of att~r,,118 To clarify t ~ co ection b~t_.'e~n makin 

_om trical ani ~r vi tional ~escriptions r3l~tive an 

. i atte a . .l otion fun1amenta-l, the follo~/iD_ i cusslon 

13 r qUlrel. 

Th 3 Belal theory of re1atilTi ty i 5 a se .rch :f":,r an 

absolute t' t enja t 

.&' ~app",,' ranee. Ho.lever, p ce-time __ U .3 i:i. set .I. r t~ e'" 
rl 1dity of geomet y a i1 the ' baolut ce of . e· ton. 

The f I'm of .9 c_-t1:r.: lnt clucas a Dr ~ud1c out ook in 

that only th n ture . hic':1 fits into these or s c e 

COlI! . rehen1.e . 'omethin as neeied that 'iouli not impos 

any f r n' ture an- that ,.,ould m ~a the la:ls of nature 

v· lil for' ny coor1inate sJst m, :'lhatevar it velocity 

t.. t t. _ re r t"" na.tur:.l it 3s1f ani not to a 

chosen r latlon f natu e to a r_ erence 01y." 2 

) ff ~nt velocitie , as the s.sci 1 the ry of relativity 

po1nt31 out, ive coor i te syst~ s lifferent etrles. 

I~ no ch~ - is maie, the la--s of natur~ re liffer3nt for 

18
 
orthroPt p. Sol.
 

19 
accelerated sJstem ·f S not hanlled b the spec 1 

neory. If ~ ayst m' I'a accelerated, th la's of natura 
'~u d not _ invar ant accoriin_ to the sp cial theory. 

2'0 

~ 
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i~ r nt relocit139. Th~ spec_ 1 t aory ne at-s tha ff~ct 

of cnanging velocl tlaa by amployin la"/s of transfc!'~ation 

t~~t allo'," t'-'9 la~ s of nature to r'e':':.ain :'n-rarla.nt -::h' t:ver 

th~ metrlcs. 

~lff3' ~nt acce13 ations o~ ilfferant gravitational 

Jote~tlals t~at caU33 i~ffsr~nt accelerations must alao 

los~ th9ir po~ar to make the laws of natura ilffar'ent for 

i1' er nt systems if \'1; d.!': to h&.::> bsolut3 la s of na.ture. 

in orler to 

.8 th~ la s of nature appl:r to c-.cc91~ratI3i system • 

His eneral theory of r21~tivity ~~'1 lopad a~ equaticn 

) .21(G - 1/.2 g ~=T ; ich ma1 t~e 11::.-'3 of nature 
i ik ik 

i'ilV' rlan t throu 11 c~an 35 i~ ~~~vitatio a1 an ~atr:.cal 

i33criptions. T~is e uation mean tha~ ;r~vitation~1 flelis 

an~ ao etrles couli . e trouoht l~to or put out of exi3tence 

bec :3 its metric&1 ~roperties chan:e ~lth a shift from 

on_ ob' ct to anoth r a3 a r3f9~eDc3 or with a shift in the 

stribution of matter. A chang~ in the ii3tribution of 

m ter chang~ th3 .::;r llir1ta tion&1 ot 3-:1 tial ~ anj t~e metric s 

ani acts as p i~e xaver. . it~ th3 abov~ tensor equation 

21 
If 0 e thin of th: s e _uat10n as ter inln-' he 

c rVc;i,t i:'_ of s c th~n iv~s the ten if~e ant u!!!bers 
1~ 

'hich r t:ne a'1itational _otantials, J 1'1e.3 

the ten j fe t r _1 of curvature at each point ani 
1k 

2:penj, on je~siti_S, velocitia3 anj oth?r properties of 
the a itational fi~l rojucaj by on~erabl asses. 



in 3ff ~ct, the only tnins th;;i t r~Hnai~ j a-osoluta ~';as matt 3r 

a~j its motio~. The absolute ffiotion of matter 1s controllai 

oy its absolute relation to t~~ ~3St of matt~r in the universe 

of ral~tivity. Th3 ~aneral theory is in this S3nS2 tc~ 

ltima ph ieal th30ry. 

The pa~t the physical th~ory playe in pnyaica aftar 

th3 i_velopmant of tho neral theory of rel~t1vity 13 not 

c13~r cut ani iaflnita. Je~lins with this perioi of the 

histor~T of ph3r3ic;3 may, ther3fora, not ail as muoh to a 

historical 13f:n1tion of the ph~·dlcc.l theory as ha,r3 the 

li3cus3ions of other ?erloj~. The moiern ara, hO~2ver, 

~ 
• -- _ _. ., , _ .• J. .....; _ _ __ _ _ _L;. _ __~ ~'n",q n t y t ~n-J.· -1 :-;n~ l·t j-r'''' ...r .~u~t h - it- 1_·!"•• c::nl.pl~t"n"',·os,:::, 

that maK S mojar~ ljea~ seem a some~ ~t shaky b~sis for 

lafin tion. 

it the quantum theory a~i wave macha~lcs. ~any of the ~roblama 

~hlCh thed9 toplC3 r veal have not y t bean 30lve an 

~e~hap3, we av~ not 3v~n ske the pro ~ ~ue3tions. 

But sl:lc;:; th3 phy sical theory 1s on of th 7) 'tasic 'la~T 2; in 

~hich an looks at n tur3, phyalc~l theory plays a part 

1:1 t-..:e~tl~th C3Yltury physics. 

- -antu mechanics as establ13h~j by Bohr was 13finitely 

a _yaical theory. Bafor3 Bohr, Fl3...I.cl~ )O.3tulatei the ilea 

th~t black boii~s raiiat3j ener y in 1itt13 bun~l~s• 

.' i ..... - t -~ .'. -,... 7'1'" n'C I I 5 cor t -, r 0 .... · . r~ .. .J.,:) :... _ • _, r do _ : • ..1 '.; __ • _..." fter axa lniYl~ th3 photo­

el~ctr1c 3ff~ct iacii 

31~ctron~ to be irnockej off .a p1oto=1~ctric surface. 
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.uth~rfori, by c~ttaring al~ha p rticle3, causai 3vants 

that le~ hi~ to b?11~va that the char anj mass of an 

atom ~aa cc~cantrate at one ,lace. 

Bohr sy~theslzej the ij~da ~f Planck, ~i~steln ar.l 

.~uth l"fc~i u.ni )ro.033i a. TIe'.! ffi_chan1cs base:], on hi3 concept 

of t~3 ch3~lcal atom. The f~ct th t Bohr's atom ~ith its 

nucleus 3urrouni::j by 313ctrO'ns in c~rtain orbits coull 

b~ r3pre3'ent3:i by a phy leal model in \-lhlch 2. campara ~i~lely 

lar e B~ ',\",)3 surroun:iej by small siJueres tra'relllns in c 3rtai~ 

~or its ind.icates that Bohr 'ia,;> th1n:in~ in terms of "" 

ph! lco.l thaor • Hl el ctrcna coul' 0 1] -0 in c :-rt.... ln 

orl,t ts Ci.n..:. couli only em t c~rtc..in cuni13s of en~r~y ,.' n 

tb._; 'u p:d fr m one orbit to another. Th,:s:3 t-,'o i co t1nuous 

_~ in:; ~:i tb t:13 b:.: sic liscontinui ty scciateJ 

lth a physical th:ory. 

Boh...... ' 3 tnsory 0 .... tha a. tOri! iLl n::t -,.;ark for ~lem nts 

',lit lar e to 1c :~umbJr3. It .iLi not sxpl&.ln fina 3;>11 ttin­

of 3;~ctral lines; therefore, Bohr's th~ory be a to crumbl2. 

Thi.::> 31 tua tion 1 S .3x;>la ne by B. Ho f a.n in Th-= 3tran~(e 

3tory of t:na :..ua7"'ltu a3 follo','/3: 

~p~ctro copic 003erv tion show i that t~eae quantum 
num ersCnumber's "in ch sho e.i fine splitting)shoulj 
often n t b hol_ numbers t all but ""hole numbers 
a . a .alf t Borneth n th Bohr t~ 30r ~as unable to 
explain. Th xperim_nters faun' th y could .ro ce 
anomalous Zeeman ffect3 in which the tripl_ts (thrae 
sp ctral lines rouped clo _ to.:eti:l r] b9cam~ 1ntr_cate .... '.) 
clu~tars of linea jefyin_ all the arts of t e Bohr th ory.~-

Baned of m 
( _. _.1.... • : a per',fA"" vork' 

~UG:.::1t UfJ 
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: 1 anb r at thIs ti e rna e a 3tron3 ~l~a for a 

them' tlc~l th_ory. ~e aai1 that it was th~ phJsiclst's 

1na13tence upon h~ sic~l ~oi3l6 that was limitin~ ~ro~res3. 

Ee saw h slcal moiels &3 unneC~3S~~Y mental crutch~3; ani 

.expr~s33i a :1.9s1r2 to r~pL.iC3 )hysical oi Is ',:Ith m the latical 

e~_uc..ticns. eisenberz b ~an to iev=lop quantum tneory 

as at _IDatlcal theory. Bern, Jorjan ani Haisenbars 

be~an to buili up ato~ic 9hyalca u~on the ~rlnclple of 

al ebralc form. ;,:ul tipl1cation of matrix, a branch of 

pure 1getr~, 0reatly aid~' the~. Dlr~e ~aie ~en~r~llz~tions 

fro ~hich th~ theory of matrice3 couli 08 . ~riv_d as a 

s;uela1 C.=tS8. 

about this time -~i enberg ev 10 e hia ~rinciyl~ of 

injetermin s , I ieh wea ~nei hi mathem ticbl theory. 

This rineip1e 1eclar~i that th3 ~osition an VJ1cclty of 

R!1 _1 ctron can nav r e knmr.:1 _xJ.ctly at the same ti~i.:3. 

Th13 1a tru3 b3C~US~ the iet~ctor of oaition u eta the 

elsenber , i~ the princ1pIa of 

unc~rtalnty an at rminism), 1~ talkin about th3 a1 ctron 

s an lsolat_j ~nYoical entity, an is mathema ic~l th~ory 

allo'- or consljer' tion onl 
w 

. m them~tic' 1 formula and 

b: ct. ~lectrons fall into ne1th r 

of t _se cat3 ories. ~lec ron~, 'hich an be et_ct31 by 

pny ie~l means, lo not fit i_to rt3isvnber 1 8 athamat1~wl 

tneory. B statin h s ~rin 1p13 of in tel" ini ,Heisenber 

is t· lkin in ter s of a 



15. 

ihysics 
171. 

ccom)aniejei~ 

antum theor 

s­ i ental ev lence 

hilosouhic ?cun~ations of ~uantu 

Tbiv9rsity of California Pr38 , lS48), ~. 

- as c nc_ntra~e. - e thou ht thatints -tlhei"S ener 

kno.19j· ~ of t - 1 s r ulatin th motion of these point~ 

as e ­uivalen'" to o ilai--e of the la--o re ula.t n-­ th~ 

i3 lacement of the lav~ ince tne t-,·o ( ·:la".re ani poi t) 

roe inti~ately connec ej. D_ ro lie a so aaii ..,hat, 

(36) 

L. e 1'0 Ii in 1 .... 2 1 introjucgj a hypothesis 11th t 

o· tne ilea that matter ha3 a -av~ as 3Ct. ~u t acc_lentally 

~f t e basic pr nciple of uantum mec a lc3 are 
correct, the pr nc pIe of inaet~rminism must holi 
b3caus~ it i a 10 ical cOP ~uence of these b~sic 

princi_ a • .. a toes pr nc_ples a~ • of course, 
amp rical ri~cl_ 98, ani no physic at c ai 3 absolute 
truth for them. B t "hat can b~ claim~i f r them s 
the truth of a well 9stab i8h91 th_ory.23 

B physical thea:'} haa run into troub e explaining ce tai 

parts of uantum ph sic , but th m thematic 1 heory ran 

trial p rtic~~3 shou ~ ~xhiblt a u 1 ch ract~r, tn t of 

a -.-lave an1 tha.t of a. C ~u cl_ 1124 De ro__,l_B 3&..1 that h 

of 

into iiffi~ulty in tals sam area. Th 

se_m_ to re uir~ both th or as of nature. 

br .ave. D visson anj J rmer YOI' in: in Bell T~l hone 

c n ersely, a parti 19 coulj be thoU;ht of 

an sa~ 3,: 

f~lt ther_ ~ s re 

24 

:>7. 
-.-I 

~an __ ichenbach, 
h~chan'cs (Loa ele3: 
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the over e t 1 a lu p of nic' a This treat ent 9 tha 

nickal crystala c b e of actin as a ilffraction gr ti for 

~1~ctron3--material ?~~tlcl~a. he iiffractio~ attern 

attaine ~~sembl_ an X-r~y iiffr~ct:on attern. Tne3~ 

COrL'19C tion bet''le n . a e echanic a i the physical 

theory so much lebat 1 that th s topic o_s not greatly 

as 1st our t sk of in a istorical lefinition of th~ 

phy ic 1 theory •.. ffman ravaal t_~ uJ.s~ttle ir cf the 

era Ih:ca heralje the a~v~nt of ~ ve mechanic by culli S 
?~

it Ita o·lin;.. :nael::;trow of outlaniish iie S.II_:> .. aturally J 

c 1 th ory se Q 3 th~ ~v p_ct of matter as 59con ry 

to th:: ~ rticle aspect. A _ oy "leal t~~~ory 'fi th 1 ts amp asis 

o. datter an pa ticles se s t:~ -ave asp.ct of matter as 

he probab lity of liniin a ~Qrtlcl= ~t a certain po·nt. 

As e:ch_nbac:'"l sa s, "As t"J tho: ,.'s..V3S the ~tr 1 bet en 

the t,o interpret tiena, t~~~~for3J ounts to tn~ que ti n 

wh ther the 'lavas hbV~ thin_-charactar 

i.e" 'ethe they constitut~ the ulti . te ob~ects of to 

ph 3 c 1 rl r onlJ ex:res the at ti tic~l b h v~~r of 

such 0 acts, t: ~ I te bain re resent~i ato 1c 

:3cl.r'o.iin	 er in -9 eralizin . -8 Bro,-,li~ I i.ieas J •••·ant 

~!elopej '.:ave m cha:~lc ~b~yoni t' 

25 
: of fman , p. 71. 

26 
?::l_~ichenbachJ p. -_ e 
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in for ~o e ~o i c 11 pre 0 ina ely Mathern tical. 

~i tein, la~cK and Bohm27 di' not Ii e the uncer ainty 

brou ht on by inj termin19 ani cert in a9p~cts of ' ave 

9chanic:::>. Th all eemei to b se ~chln~ for an aje uate 

phy c·,l t .,eory f r the i ... te lni sm ani a solut la'lS 

t'.at can come rom a hYSical theory. The 5 _ pticis 

conc~rnin inietermini 1 ohm to att mpt to con truct 

1 ... v _.1 ar ... · to ..ave a h sical s __n f icanc? an defini t3 

ieterm n't 1 1. Bohm sa 8 th t our quantum t ....ory anj 

~rinci_le of indat_rminis can only X_lain th3 w~rkln~9 

of t': ~ l_v~lG rou~hly, b~CciU33 tney ar_ sr03s tools. 

T~8 phy ical t~?ory ha3 O_COill3 involvei in v~ry r?cent
 

3ic3, n t s a ie~ to it3 character. This litlon
 

aie by Eohm in the e~rly 1950 1 8 ne;is to be inclu ~n 

a h13torlcal lefir.ition c~ tL3 phY3ic~1 t~eory b3c~u3e it 

reveal- t~9 ~trong niab~tabl~ connection of th~ ._ysical 

n" because it 3ho~3 the lncomp t~bl11ty
 

of th~ physlc~l theory 11th lnt311ectual ~ea~ enis.
 

Th phySic 1 theor appear a~aln in the 3arlv lS50's
 

b _C' US ... there -. s so much ta.lk of ·TI!:.!tur ... for~Yer r9mainln..:
 

a my terious a~ ... of c' ancs. Bo' m 3 not, of course,
 

been - 1 to tablish co~cl~3iv~ly th~ il~a II sub- antum
 

me h nlc3." Th3 :Ihola i -~a :n met phyaic&l non na~.
 

at 1 st, c.ohm ani :"1i3 ]hj'31cc...l t":"l8ory a~-'a ·'oin' 30m thi
 

27 
~ t,enti_th cantury phJ3:cist not91 for 1 wo k 

i~ 3uo-qU tu mo cnanlcs. 
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about a cn'llen in i~tcl17ctu~1 ?uzz12 in ta~~ of 5ittln~ 

back ani s ying th t to micr03co_:ic "101"1 iill fo:,~ver 

are erel .1"001_ 3 that ne a to OJ 301v~i. 

~ e precaiin hi3t ric~l i~fi~ition of th~ h sic~l 

t eor of n ture rav ~Ci.l th_ mann r' in ·.·,hic~ a theory 

are exp10rs1 more thorou hly ...... 'r 3 .... cn 5ucceaaiva 63ner', tiona 

A t-'m o s on, more in 

to explo a the possibilities of a th30ry. In a 39ns:, ~ 

th~o:'y of n~ture is a1w y chan ing. The phY5ic~1 theory, 

or an oth r t::.aory of natur03, .o·... ::ver, i3 only 0.3 fertil:; 

as its ba ic remi333. T~e odsic ~r_ lSS3 10 not chan 

If At any 1me they jo not all~l explanation of currant 

9he~0 ena, th whol~ t~ ory illUst bs put a31i3. A histcrlc~l 

lefinition gives an inliv u~l the o)portunity to 3~~ if 

a theory of n~tur~ has ?xplainai known facts, Given 10Q1ca11y 

3a.ti 3fyin:; synthesis of L"1o~j12j5a anl 13ft room for further 

1=ve10pment. A3 ~as iniic tei in tha introiuction, one neals 

to lmo·..r theaB facts acout a theory of nature befora he can 

utilize theories of natura in foroinc a philosophy of physics. 

~ ~cif1c CO~C~:t8 ~n ? J5ic3 ~3 J93cric~i by the P jsical _ eory 

...:o.CZ1 t C ""'T 0: n turs, iD81u in t' e physic&l th~ory,"J 

pre ants t~~ conc p s us j i~ ~~ SiC3 in cha acter st1c 

rna Jiscontinuity is a funiament 1 jistinctive char~c~-

ri~tic of a phySi al nterpr~tation 0 nature. This oe 

ot ean th t the 1 
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po. s cal t' eory. l' th persons using ph sical 

t ~ory _nter r3tations thin i~ tel" o partic13s anj 

~:'continuiti 8. To be sure, these same p3rso s fin 

continuous fu~ct on in, atnema ic cf i~v~lu~cl~ serv1c~. 

T'rou hout the history of t - P ysical thaory, W3 f nj me 

a ~J:'i 'lin tc ::;~t.:.)r 382. .1:". ,2 C :m. inuous i i3as 1n ccntinuou3 at 3 tic<:l.l 

t_r"·S. 'r~~r3 i-3 a ood xpl' ~at1on fer thi.3 t':lO-foli aspect 

of th~ .hyaic21 t~eory. " have 8':]:'1 t~at t:::'e physical 

tileor,)' 13 th theory of ~ll p3raons v~o ar3 bec::lnnin·::- '-­

lnv~atioa.tion. It is t· . .:; :f'ir3t theory th t com3S into u ... e 

in the ~i t ry of so nc? or in th~ . istory of a p rticul~r 

::;robl.~m. The a act of t~13 ~ ys1cal t_.~ory ch r_com enis 

it for e...:in~l?!'~ 103 tha.t i t e~acle3 930p1: to think in tarrES 

o~ 11scret:?, liscontinuous pe.rtlcl?s. I t3 ·.'~orli v1 e~! i 9 

on ere iiscontinuity 1s tb_ taSlc r~ality. Continuity 

corr: s i:1to t. a chdracta:' of t:-.3 h sicdl theory 'hen, .::..fter 

t 1 kin.: bout th~ 'lOrll l th.:... physJ.ce:.l t:::eoretist ishe 0 

3xpr ss a.' m nl_ulate h13 1i9a3 about t orli. It 1s 

3asier to think in t r~3 cf I1sco tlnuiti_s, but co~t1nuous 

thematic~l functions ar= 2~31er tc iav3lop ani to manl~ulate 

an t ey Q~3 c~pabl~ of hanj1in mor~ C~S3S tha~ ar~ ji3co~-

tlnuo f ct ons. Th 

et' ois of thou· t an1 ex reS3:on if na 1s to start t-

nve-\tl'-ate Cl.:l entirely ne:. flelj. This is ti.1a chiaI' 

r ~on t'nat t._? ? Jsical theory ~ hich vie ·/s the ',;0:>1 a 

11 conti uous must i~clui9 a 91~ce for continuity of ~xpression• 

. ysic 1 theory conce_ts ars v~ry often re.resente1 . y mojels 
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OJ!" p::..~. ures. 

h~ woo i mo~el i not comp19tely -_finite ter~.
 

raith aite say hat a moiel an a theory are de~~~tiv~
 

ieter ine th me nin of t L3 t3~.S 008~r~ in the repre­

sent tion 1~ t~- c~lculu8 of t co' .clusion , in th~ theory 

th 10 10" lly posterior oonseq nc s :i trine the eaning 

of th_ th or3tical terms occur_ in th~ representation 

~n t _9 cu.lculu3 of the re ises. 11 Tho gh the ,'Tori 0..1 1 

1s airn1tt~ ly va ue, raith~aite an oth3rs ~ ree th t a 

moiel i ome conve ient lay of r pr sentln~ an in ricate 

iiea. ,,~ether in th_ p1ct~~ ur calc~IU3 form a moj 1 nabl95 

on to think. in a 3tep-by-atep process ·~Ii. t:'!. the first t p 

b0in~ ~ a first f~ct O~~ Ii normal y ii~ccver rath r 

than the Ib1.st. 

Physical tory presentation of cO~CJpt5 in phySics 

be mO.:>t cle rly explaine by e amini:),'" past interpret.fJ,ticn's. 

n th illustrations the charactr1stlc treatm-nt of th· 

phys c 1 th ory 111 be r_vealel. 

The l-ctron of t_~ ph ical th or as b en hou t of 

as a small article ~!hich circulates arouni a Ducleua. 

There 1s c DS j rabla ev ~.Cc for ictur ln th electron 

in t ~ _ corpuscular terms. It has been f 1 that til 

el~ctron a definite c ar hi S 'las ,lone by t._ 

2'8
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·.illikan 0 1 'I' P _xperiment. In this experiment tiO ajor 

rcas act 0 a chrr ed. 11 d.rcp. T' forC2S are the 

:'orce u_ to vlty ani t_e force ue to an l_ctric field. 

r_ou char e ~r~ put o~ the oil '1"0_5 by friction as 

t o throu an atc 1 lzer that 5pr y them into a small 

hole, an~ thus into the lectric fi ld. Theoretic lly one 

coul r balanc th_ force iua to the ~l_ctrlc flel~ an~ the 

forc9 due to ravity by a listing voltage. Th_ t~<o symboJic 

r_pras ntations of these t, 0 forc_5 coul then be _.uate~. 

he sy bolic d.e cription of t~ el ctrlcal forc~ i~clujes 

pres 10. _or t: e char~ n th 

tar.L. in th~ t-.:o res ion 1" kno'm fro the llikan 

~xperi e!lt. Ti.le 10',,'_ t commo ~ enom nator of all the char as 

foun:l in erie~ of experi ents is the cha se on an electron. cS 

The _1 ctron also has iefinite m s W· ich can be 

measure b a~ experi an with a catho~_ ra t b. In this 

xperiment an al_ctric nd. a rna netic fl~l are maie ~q a1 

o that on_ is a 1 to equate th~ fiel expressionu. 

T' e ex ~im nter w s es to make t. ~ electron be m exhibit 

t.la e uality of forces by ma~in :t ~o in a str3' ht lin_. 

en t .~ <J rai . t 1 e _s _arceiv =...:.. by no~in that the lectrons 

it a spot in th center f zinc sulfli cov rei cree~, 

29 
r he . illl n exp . i ent actually -'lork i th r tea of 

fGl I' ther than i us ment af valta~e ; however a iet lIe 
~crl on is unnece sary. 
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the f rc 5 on ~~ch a1~ctron e 1m m to be equal. e 

equation exprsss1n_ th eq ality of th~ t~o forces i~: 

~;;;=Bve (1) 

In t. i equ&tion represents th in ensi t~r of the e1 -ctr1c'f ..!.II 

fie1 • he ch r e on h_ .::>lectron is 93_ nat j by I'e ll 
, 

an II BI' represen t S thO.6 m tic fi 1d intensity. Sinca this 

pression oes not contain an :x.r ssion for thv mas 

anoth r step is requlr j. The electric f131i 1s th n turn 

off ana because of the magnetic fleli th3 e13ctrons a-

a circl_ of iefinitv ra iU3 on the face of the m ~n t. 

e the lectrlc Ii is turna off the ex resslon for 

the a etic fi~li ntenaity 1s expressvi b~ th equat:on: 

{2 )
 

_ thi uation II 'f, "'1", anj "ell h va t' ir previo
 

'I.~II 13 the ra:ilu3 0 thv circ1_ the e1_ctrons
 

akv on the face of t e ma5l1et, an] 'I ." represent~ t .
 

ass ~:f .::1 ~ctron. rhls u tion 1_ -olvej ~or 

and 'th;.' 3.=.u1vul_nt of 11'1 
11 :i.. s subati tutea in squat on (1 j • 

~ uatlon (1) c n then 001vej for thv r tio 11_ ,. 11 ter s 

.. II uof !Ileaaurab1e . antities , !lB", and. . Knm'liny -J " " 
.... :5t 13 ratio and Y. ch r-e the rna.::..., CdD be deter ine . 

Further 6'li nee fa . t .., p ysic-1 electro a th 

Jt that it ..,'vas tr' c: • e ot er ch rep rticles, 

30 
rancl ~e rs anj ~ark Zvman ky, 

2n:i e., ea in- as .: .ddi on- e 1 
1955), p. 56~. 

Inc., 
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al;~ctrons leave c'-' ire l~ts in C1 ;'lson cloud, 

c amber. Th~se streak~ ho'" t_ pat' of t e elec ron. 

uince th paths can e easily hoto hel 

one :0 1 n turally assume th t they ler r 1 ~vijenc f r 

re r i the electro a~ a hyaic~l corpuscle. "It is 

iiff cult to ccnc9ive hOl a wav~, un_rIll t ani fr33 

tc 8_ rea in 0 ce, cou_ rna ~e narrO;i tr' c k3 Ouc'! as those 

chamber."jl 

e physical th ory's conce t of the 1 ctron, scan 

b"" en, h and still ha mucn xue imental support. 

0'" ::;ver J uch has happen i since Bohr propo 91 an atom 

simil r to th solar system th th~ nucl~ s taki 'the 

rt of +... e sun ani t el ctrons t· kin th part of th ...'" 

p an~ts. ui c t> t ti e ev~~ the physical t cry';:) :...1 ct:::'o_. 

Tha beco Ie 8 -~finite. oh-"" S concept of - l~rian 

croits 10 till .:>ful fo instructiv- pur os , b t it 

is :..ctu 1 y a bac ....roun1 pon J 1c superimpos~ fine 

sp ctr line split in ~-lhich is not xplr ined by th Bo '...l!" 

teary. Th re are certain experime ts, ike tb~ diffraction 

of electron as performed by Davis30n an Germer, wn ch 

Can no ~xplal e- by a ph sic 1 rna el of the ~1 ctron 

s a corpuscl~ ithout can i r 1 aj .oc hyoothe e • 

.-e have as' t a ion at present in ch . e us a:J.y 

theor -- at.em t c 1, phys_cal or functiona --to explain 

a ivan phenomenon. his ttitui .... i r ....rnatic 11y 'wrth'lihil::.; 

) ',......
nry ; roen u, -2 J ture 

-:cr): : 'c ra i-I 111 Boo Co _any, 
'.. 
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"ut lt l' lses h voc 'lith 10:::.1c •
 

.11 _ ractlon of 31.::c trons in !:)~"1.·!l3i cc:..l tar,s ani 3p:innl~.; of'
 

"I ctron.3 _ ath~m tic 1 tel"'ms. 1'-, s'''lOrt, no mo:i~l in 

it~ pr sent form ~ lains satlsfactori all the ch~ cterlstics 

of ~:::~ unct'o in,?; ent ty 13 call .n IJctron. 

.:= hav sean t. physical ~eory's electron a a famoua 

b3ing lmo m onl by reputation. Th:; ea~l '.'lor~3 of' He senb~l"E 

Houl:! call th physical theory's el'Jctrol an U .,u3t"fia:i 

ma e, ani ortaro 'lOU 1 C 'ns, r: 

The 1esira for hie' 1 moiels :ioes not have its basi , 
, s so mony a our con 9mporary ~ci~ntis~ assuoe, in 
t e p verse teniency of the human n:i to ·h nk in 

erms of 1m -au, but in t' rationale of all mo1ern 
ani cont~m.orar ex~ r'm~nt 1 c entifie rocejur .52 

3rhaps . hat ,'" ~ as' ;..;nat electron ls b~tte~ ex la1ne 

0' a m' t am tical e 'atio j out the uccass of the pa~t 

hyslc-1 oonc,,_ ts of the el=ctron l"aves ho ~ that on t:.e 

sub- u :ltum l"vel, &. Bohm33 c'-113 1 t, the el~ctron can b 

~3 n ~ in in tar of matter ani ;otion. 

erha_.3 a mora 1efl:1i te ph IS~_ c""l concept s:":~',,ultan~ity. 

~imult nai ty ~ or man y ~"_ ":1 thousht to be b301ut3. 

_'.at l n 11 ::in::>tein' S ork·1 th the r""'l tlvi t theory j1 i 

th9 notion f relat v~ sim Itan i~7 nav3 3~=nificanc3. 

~~nstein expla n i ra1~ lV2 si ultane ty in t~rD3 c~ 9hys'c~1 

:;2
 
!Grt~ro), p. 131.
 

53 
Bohm is th~ conta oorar _hy~i ist Wh03~ thea on 

sub-~ ntum m_cnanics a il~cus33a PI' viously. 
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pon 'lhic the bsol t~ 

a~ snilesstheory 0 

aria of non-inte sectin _ine5. here coull cnl- b_ onv 

n cc~erver 1~ one 

th t t.;O ~v~nt3 -n &t th- s me instant i~ t~i8 daries, 

ob~3rV3rs ~n JV~~V ot~er ~~~me of re er nce rea n correctly 

:;i11 Q. 851-./ ti:- e same t-.l0 ev nt to t am instant. 

Th_ t eory of r"lat.:.v~ imult& __ .:.ty aa e cribe bJ 

~ln tein in physic 1 term makes t - rsl_tl ity of simul­

tanei ty bet-leen patiall separat i avent.::> ie~enj=:"!t on 

example to il:uat~~t; r~~~tive si ulta~=ity. 

u 'a coord-inate system i t .. _ ha~~ of c.. 'box co;;..r as 

the sc~n of i3 illu~tration. Thi~ s7st=~ i3 vin.... at 

... ' 4 ,.. . Y:.,::~'- ~lociti_ ani 1I r i a -<..; t in the cent-3r' or it. 

.. n t i "'ho ... ~ tn t n in .:.i obs rver, "', ho i movin th 

h coor:iinate .::i tem of th", 'oox Ci::lr' ··.. il1 ee the 11 -::.t 

s nt out b - t 'i t in t cante~ or t~9 OGX c_r 

it tn - alls simultanecualy. n 0 tsiie ob erver' ',;:'0 is 

S J 11 ne 0_ th_ .......11 s . try':'n..:­ to es ~p rom an e 

opposi to .113.1 he 1 ~ht ,::;i...;n 1. Th r fore, 

_ c' pins -, 11 :,;111 be met J th~ i_n'l a Ii t-'-le 1 ter tha 

t'l9 _proachin...) on'S. 1134 T! r~lat vit of t':'me 

34 
insteln ani Inf'a1 , p. 188. 
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li~t iifference i~ the 0 se ations ~ i~si:~ an outside 

observers if t ~ v~locity of tne coor.iinat tem _s sm 11 

como rei t the v~l city of l~ht; but t_er i a i_ feren _. 

r: e ord_Dar ob~ects n ou ~x}er_ence a e 0 _0 ao slo ly 

compar to th~ v~loc ty of Ii t that can not po 3 bl. ­

et~ct th~ 11f_ renc~ that the I1 ou tsi.ie" observer istect_J. 

In our w.rlj the Ii~ht s_-nal oull reach th 5i es of the 

Cdor so .300 that the It ~ocapin 1'-;'ap9r oa chin 1I factors ',oul 

have no ietect ble effect. The impossi I" y of iet= tin 

r31~tive oimultane ty n orj_nary event :~volvin_ or ina1' 

Ob;4 t is re pons_b e for an_ini'g clin~in 30 ten ciou~ly 

to boolut~ ti~e 0 b301ute s~ ~It~ne:ty. 

n conca. t of reI t:V9 5:~·_ta~eity _8 one of tJe
 

~ie ~ontributlons ~ t~e ec I t· eorj of re ativity.
 

~ sic~l • eory rc.s~nts tnl,:, conve~t. ~.e have al 0 113­

cover~l t~at the an no ~velopej the theory of r Iative 

s~mult'neit' pr33ent~j t n 9hy c~l terms. rae ~tory, 

ho ;v r, i3 no fi. ishs The ~nctlonal theor a3 a 

ifferent ViSI of	 his sa e conce~t ~ • 0 hall ~ 

.3 eruct· I conc9_ t usej L phys_cs, ;' icn the s_ci::J.l 

theor 1'3", nt in ~ chb..l"' ct ."ist_c f!!anner, _s mea sur· ent. 

!n ori.er to easure, . U J.. fL""' t hav ~ a staniar an.J. nJ 

ge.i. Il!ethol 0_	 ea3'" in_. The sta_ ar n
 

strai -:J.t ''''i - i.i roj. The roi must bv
 

str i __ t so t~.at it can be "plicatei e 311 _ i ustJ 

, t r:~:j 50 t_-t no	 attar .here it is 1 94l'c~ J 
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. ain ai1 its sna~e ani size. The staniarj mu main ain 

its shape an izo because NJ ant all our m ~s r-m nts 

()th~ ~ '1 3e,.. c.o;;l::. US"J a rube ~c band 

a atania .i. phYSic~l iefinit10~ for strai htnes 

ivan by bro.I 

e.s	 stra -ht if aft_r cine"'Li1ng ,.' en pl ce 

n r ' ':1' S turn"" over on i t:::;e f. II ~5 

ne roc~u ne~del ~or Ja urement 39~m to b i finei by 

eta tin t 1:- ~ ,,'~ &'1: too ro end to enj in a strai ht lin::> 

i e i h to obta n the s~ rt~ t j tdnce 

It requirev o etry, hOieve , to iva a iefinit en 

Iso ives ~ i~finitie~ 0: con~r enc J hich i3 needej if 

:e ar~ to be sure that ths ~o ani its substitutes re IlJ 

~uclijia g ometry :ie~ine~" tl~ ht 

lin~ ~J th~ hort_ t i·~tane betw_en t~o points. Th 

'W th chan....,in geometr _so 1 n~ c·,'rv ..< ':'n terms of 'wcliiianr. 

eomatry b- th II short :..::;t ii stance ll between t .. a oint 

L non-~'cliiian ~ ometry. ~uclij a iefini ion of 

a str 'ht in~ e enl on ..1.ucli" 1.3 ~'arallel F stul.:i t=, 

;' en st~ e thClt t.!'ou pei::1 :. 'n plan.:. .:..t i al aye 

pos io to ir :.' ~L n" o. y ne .:>tr ht i e p rall?l 

to ive, .3trai ht L e It inc in th_ ~Jli:i.::17:. '13 j,3finltion 

.:;5 
'. Ji' d.bro. p. yo!.. 
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li~ only in a t r ~ di e~siona continuu .l.ucli:. f s 

lafin tio of con rue ce i ie?en ent on his arall~l rostulat~. 

R.iemann ani b tchew ki, wh iil not ac e. t ~~el'j'a 

:...f,;;;;,d.r=..a===. :...:::..::~~l::.;a:;;.t=e, wo 1 j obvious1- erive ~ iifferent 

e n1n or 3t aightnes ani a 1 ffer~nt mea lng or consru~nc~. 

Ther is no b;:,olute eom~try. <.Ie a etri=-,3 ar~ iie lizations 
Alit..,om the ~hysic...;.l rll" a-~ Cbj3Ct i ,-.. t '? h slc ..... l .. rlj. 

chan ~s ropertie3 i- it i 3 oin ;3 'J fast or _f it is 

acc-313rat~n. 'i"or exampl physical ro s actual_. s. orten 

<.:.t ish s e'319 . ..!ouc1:- 's .:~ometry went 0 ~ tep b ]oni th 

em. ric 1 t e . ere straightness as ~ f'n~j in t rms of 

'0 physlc~l rois. ! e c ul not appeal to emp rical ier niticn3, 

or he . nt~j p~rfact rl or. .Ie .. nt~i n ~xaet 1~:ini t10n 

of ;:,tr 19ht line anl of the 

~ 01 i, th refore, h 

posite 1>.;LO 5 1 Odt I t~s in rjer to n an 

accura te day taro Jrt as t. u ap. e r ~i in ph 91c&.1 00 -ets 

onl i an ap roximat lay. 

~elij' ~eom'?tr' Na thus t
ri ii oodie , yh~ch, thou~. 

boiie co onl . ~Tarle1 ~~ 

x ar ne:3, ",'a a at ief n_1 

he 5eom~ 
iiealiza 
r_ 1i n 

i s en 

ry f erf_
co ias of 

the' or11 
manner to 

etly 
th 
f 

e t intal by the n~curaeie3 tten ant on . 11 
phy ieal e~ urement~. 

ne c ~ that -eometry in its ~ri in w physical an 

" as conc ... rnei 1i t _ 3sibl~ de~os tio. of b~_cts on t. is 

36 
l'.abrc, p. 55. 



(50)
 

post I" te~ ani axiom rat ~r th . sic~l ob~ects, tits 

ort_in 9" 8 9hJsic~l. If t~ rea iza ion hai been _valent 

~n ~in ~ain yr~sent j hi~ t r i_scriol what oul 

ha ~en in a 90 Ii whi a tr v311i - at hi _ speei or 

aCC81~ at n , no one ~ouli ha e se n r_l tivity a n 

8touniing r~futation of an ~b olut:- truth--i. a. of "';')cl_..l.ia!l 

geom try. T a "ouIj have r~al:zei t at rel tivit ph sics 

r~ ire a ff_rent eom try b_caus it is jaalln~ With 

other than or inary p lcal 81 tuations. In any case, :,':= 

hav een that a ~ometry 13 . _ce 3 ry to ive meaning to 

i:r=cti013 _iven in the methoi of me surement, an th t 

eometr1e a lell as tan- ris ha e .hysical. eanin~. 

it__ th aivent f ':in.:.t~in'5 3:'~ciC:il to_aery cf ralativity, 

t a bec m_ important. remants a _ ur 

i e ion I co tinuum of s.ac;-ti _. ~in3tein'_ tneory 

re i e~ - 0 staniar s for measurement--a ro an a clock. 

Th~ eometry th t iictat 1 stral 'h~ e.:.o ani con_rusncs in 

tbis c e h to b~ ii e ent rom ~ucllil~n geometry. 

~v_n the stania_i roi woul p_rf rm a ilfferent task in 

a worlj wher_ reI tivlt r effects ~e~_ ~vljent. The ro~ 

oul chan:e length a it chan ~j velocity. 

~a ow i1 c a ~ t.9 ieformation f a phys:c~l stan"ar 

r ue to . c ~leration by .1cturin a person meas rin 

the shortest . 3t nce bat een t·/O poinL.s on t.'1e ?erip ery 

o~ _ rotat'n_ pl tfor . ut tha u_ to th~ 

rot.... tlon _:: th~ p ~ tform, th~ m3asur" ng t':'cks 'il~ suffer 

r_l tivi tic contract 0 , an thoa of th_ID nich ar_ " 

closer to the ariphsry of the ~l~tform ill bs ~ontr ct3j 
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more than those locat~i ne~ra to the c_nt~~. It iv clear 

that i. thi il~u3tration in oriel" to get the ~03t i:~tanco 

coversi by ach atic:, on~ houli pl c_ :t aa ne r to th~ 

cente ~osaiblQ. Ho· ~v_ , both enis of t e 11n~ to a 

e ur _j ~ r9 fix~i on t e periph_r ; it ·,rill therefore 

bat t9r wh,an tb.3 1"" t ... rm :.::: till not to move tbe ati '] ;~3 

from the I!l j:': Ie of th_ ine conna ting the L: _ er _9h_ry 

points voo close to the center. The shortest iiata c bet een 

th~ t~IO points uni_r the bove conil tions i th th'" 91atform 

rctatin is a curve 31 htly convex owari the ent~_ .37 

bvj 0 ...,l~T a. -" ifferent somet y neeiej in an ~ccelerate 

jstem if ,6 r_ to etain roj~ ani clocks as nlaris. 

n vna -ini of a ~90 etry - oull th_ Shortest j ~tanc_ 

b t" __n t 0 .olnts be a eve, a:11 CO'~1S~ uentl ou j t 

trian Ie be arnall_I" than t, 0 r at 

':::'90 dtr tn' t 'wuli pe~form th _ ta3i{ wa 

ne91e1 y e t_vlstlc phvsic...,. It ha nel that, before4 

=instein's theory o~ r~lativ ty was ievel09~j, m' t~e aticla 

hal j velop:d ~ome ry in .' ich space ouli b_ curv_i 

~lative t ""uclijian or-ll), L. ;hich th of t e 

n 19..., of a tri n~le oull b~ 1_53 than on hunirei an 

a ~~t ie~re~8, ani in Thich th ~ c iiian 

,as	 re lace b- a )0 tu t_ saYln- th~t n ini_f:n:t number 

o	 nonint rS3ctin tra ~ t i'U95 couli b~ iraT'm throu 

oint i-. lane ra. leI to :lven tra' ht 1 ne in 

-/7
 
C w or

., 
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the lana. "'his .. as an cds_uats "omatry for ~':'nstein an 

p y lcs. _.1 hou3!l this Lobc:=.tch3·v an. eom_tr svel09"~ 

.ithout h" ~ij o~ b' s'cal ex_arimant J it ha a iefinit 

I!!e nin -n phySic 1 terms a -'19 have seen in the rotatin 

pI' tfor :lustration. ,e have seen th t a~ ccele ation 

c usej t- e j formation 0 a tan r Jan: causel th shortest 

istance bet een two point~ to be a c rv"j line (if r_ferr j 

to a 3Ucliii n Torlj). 31 .ce any ~ra itational fiel is 

equi ~Iant to an ccel r tien ani aincs on mas cause 

anoth_ to Cicce erat J in physic .1 ~:::l~':'5 "curvature" of 

_ ce 0 c uae~ y ph sic 1 matt r. 

his i scussion lJ.a t en us a-'ray froI!! the m_ter stick 

and t~ __ i!.. c Ii i_an eo"t.ry of t ~ fras man labor tor ; 

but it haa s rve1 t in ic te th t the ~ i no bsolut 

-eometrya that th_ ame staniari ~ct3 ffere.tl un~er 

jiff r nt physical c nlitlons. 'tandar ~ ch n e in physical 

c ar c eristies with chan e in t e v~loeit J ani at ilfferent 

v91ocitl_s a st n ri uill be jefor 31 in i1ff . ent ~~ r3su; 

o ev r a standari roi--or ro~ ani clock--ls al1ays es ential 

to measure _ute 01ff"rent g30 Jtries ap~ly in ilf er nt 

h sical c ses ani . ~cause of tals, congrua~ce, str~lghtness, 

n "short_at iistance'· b_t' een t~· 0 olnts cna e ~ aning 

. itch nging p'1.ys C 1 conii tion. Con_ uene , str ight.. ::sa) 

n "hort"s iistance" m at b3 efins1 if me s r ent~:,; to 

b" iefinit. 3ince t~~ss mean ng ~ ~nj indir=ctly ~n 

t_~ physic 1 situ tion, one mus~ s~ec_f~ his tan ri, ~i3 

,->9tho:i ani hi p. 6 C 1 31 tuatlon in orier to co are 

mea r_ nt$. In or inar maasur"'-ment, 'le s' all not b3 
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cenc ~rn9j ....'1i th t ~ chan es "ArOU t by a.ce s-2. ~rt~ tic,n a._j hi 

spe01; but· e mU3 r~alize the natur an th~ ph sic 1 aspe~ts 

of our assumption if ~le ar to avoij errors cause1 bJ 

letti~~ our ss ptions 51 p into the status of facts. 

e folIo' in hi~tJ ic .1 jefinition of the mat: _matl~&l 

theor 0" natur'3 with the ubse '3nt iscussion of cbar ct~ri6":'ic 

athematical theor interpret· tion of cO'_cepts use1 in 

phy ics will J I hop"" ve <: fuller mean to both t' ." 

m them~tic 1 theory ani to physical th_ ry. Th~;j :,· .. 0 

theorL.,3 vie' the h story of phySic in :l.ifferent . ay • 

1_ these viefs are contrast~1. both theories r3 see in 

a bro~jer more meaningful li t. nj thus they b co ~ b=tter 

tool for i~velopin an in . iiual philosophy. 



C!-l.. r J.:" II 

n ,ist rical I finition of the ~athem-tic~l Thaory of 0 turs 

Th~ mat ~ tical t~~or of natur ta ea for s the 

asi ent ty in the unive~se. 11 ad~ of nature re st te 

by the m' the tic~l t_90ry :n term of so ty _ of form-­0 

usuall geometr'C a a them t'ca1 equation. he 3..tbema ic' 1 

hS'ory i;;, ora c10se1' as" _0 t-::j ~'li th continu_ t:l t an . 5 

"e phy ic<;:;.l t. ~ory. T a bysic' 1 heory 1" conti::luit• .J 

L s expr-2! ! m t amatic,,",l 

tn ory pro osed that continuity i3 a funla ent- 1 fe ture 

of nQ.tur~ her '" Tn athama c 1 theor not only us_s 

continuou unc ion 3 tool of ex r'ession, 'u" it vie'; 

va~t r~tlon 1 c ntinu ty lh:cn ~x lbits c~rt~in 

fo ms to .9 ob3erver~. eat: <:>matic 

physic--1 theory ma us_ the same t pes 0 continuou 

function in ~ani ul~t n_ :1 co :::u.'1:'c· tin 

of n~tur ; ho f_ver nature i;;, ~ajo up of hysical i'scr3te 

d.iacJntinuo ate e 'n the _hysic- 1 theory, ani natur_ 

i 3 cds up of r tiona1 ~orll! .Thieh xni b_ t cont· uu tJ :n 

nth al" taamt:i.tic~l ear'.. n hi3tori 1 jef ~it'on a the 

a __ -' '-'- ic 1 tear] ';il1, of cou' .;)~, co _ 30 e:) the 

sa events tno.t "ere coverdi ' hil~ iefinin.: tne 9h" sic 1 

t _ory j but in tne e t~·!O . i ;:)cus.:>lon ther_ is :n .: i 
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a1fferenc~ in utlook. 

ft r th_ Gree s ha investi ate t~ oss bill es 

Q~ the ph ~_c 1 theor o c e G ~ scie C& S 0 ly 

t~c 0 erne prejaminat31 11th m~them~tics ani astronom~ . 

In }reek cle~ce here i }Cfinite anse that mathem~tic3 

a.n r my ~r urer anj iner tha oth r forms 0 

thought. B~caus~ mrthem tics ~e Is With a' stract10ns an 

ymbol 5, ana a.::lt enomy j~d.13 with th_ f '('-a:lay, t. ese t','lO 

jlo~cipl ne hav istaric' 11y 033. thou t f as 'taint i 

by an's su ~:3ct1ve an ~a t'.ly amalln333. I:lle.':, athem ti~6 

anj astronomy jo inate G e~~ scl~nc3. 

: .El.x'mander v s one of t :3 flr3t ~.re~ks to b~ i pr35B j 

J teen Ie ~ continu1t v 0. 1c",,1 nate rave' This 

ob rv t1o __ su 
~ 
est the 1vent of mat~e iCGol t ear r; 

for, 3 have seen, a t' mat ci:ll theor sees natur 

0.3 os 91n continultJ. T:li real z tion l~j aximan er 

to formulate the concept of the "Bounil s 11 . ole re ar e 

t' lI Bouniless II;;..S hys1c 1. -tha oras be11evei t~ t 

us':'c. 

P 'tha:oras thou t t t in ~ t t "Bounilas3" s 

balancej the Illi it". e cone pt of t_ ~ "Limi tIl . a 

a V :ue iie ; it haj no ualities, ani herefor3 

,. ,., not of much use to Sc':' c. Th c ncept of t ~ "Lilli til 

coul °V hini_r elence, since any iif icult croblem couli 

03 seen a~ a manifestation of ti ~ II:"'l ro it rl anj, v :o~~ott~r:. 

-tha or 0', e r, male a tartlin 11 scov _ry j '1S 

founj that in mu~ c t~e e u11icrium--b 1 ce--coul~ be 

ritbmetic 1 "oj'thout ro' n:1n ~ U"_c r1Eouno_ less'l 

l'i 

--- . 
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or t. ~ ILimit". It as, cona q Jntly, th~ elation b_t een 

II oun les <I ani "Limi t It thu. t coulj be _x_'ressaj and. not th3 

entities t ~ sel _. ~acts couli ~~ idcussa by using 

number witho t kno in.... the meaning of th f cta. lilt 

3 ii_nly a' e1 .0, t.3 ?ytha ore n mini that th universe 

is 1n 8 me sen es _ntially ume 1c 1 ani :nathe.atical."l 

PJtha~oras, CODse u_ntly, profe Jj the iiea that the real 

.9 also form lat_ th_ rel~tion of the hypot_nuse 

of cl. ri ht tr' an Ie to its t-.ro 5i139 ani laij th founlation 

o~ numb r t~~ory. 

~ir~t ap~earance. 30 _ of th_ 10 ic 1 cons quencs _ rna in­

forI. bc..sic h j een 13COV _ed an th h1.:>tory of athe!!latic--il 

th:orJ, 'hi h 13 rJ ~onsible ~or it res ~t meanin , ha 

t~ un. 

fter yth~ ora~, the re~ s continu_ to view form 

as all important. 1 any iifferent om ric 1 rine! ~'l-=s 

er prJ _nt j. Finally ~cli ut knoY.n eometr'c~l ~r1ncl Ie 

1 to a sp cific de:1uctiv3 form. Ithou h Elicli iau eomatry 

19 Is with ideal zei pro erti93 0 ph sic 1 ob act3, many 

people have seen ~cliii' o 9 rJ . S n abso1ut_ lo~ic 1 

continUity j ling ~ t b olut_ b tr ct f rms. To per~or.s 

ho t- c_S t formal 3p~ct of 3Ueliilan _ometry ~ :eometr1c~1 

circ1= 1 n t u t an :ie~lizej icture of 30mathl~~ they 

c f __ 1, touch ani 8e_, but it is n =-.- :::> r-~ct perfecto, 

in t __ abdolut --or the -, lni of Gol. ':;x:ioxov, 

1 
_orthrop, p. 15. 

_ J­
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a ree astronomer J cr VB t __e _D.thematical tory :l ~ n1 t 

j stro 0 ition in astronomy. tner~j ast~onomical 

obaerv'tions of h' preie essors a. i hi3 cont9mpor~rie anj 

put th m together in a 3- , ematic ma. h~m tical stronoIr.y. 

Th a, of ~joxo , t at rna o.o,:;lbl~ <:l.cc'Urat? pr.:iicticn 

of event in astro~omy iii not mention hysical ob~~cts; 

t e J ~era concernei ith pe~f9ct eom tric~l forms. Jlnc3 

,athematics .' sal'.! s been a __ 1 jispensible ii to astronomy, 

it i6 t aurprisin th~t the athemat1cal theory playa 

an mport' nt rt'n ast~onomy. II .us the 1er.l purely 

cOLcept\!J~l C' t~~ories of th~matics an 1e ic "ere raveal~i 

, '" conotitutin tL';; ver, -::3S ce of tne entirs a tronomical 

univer a in 1hic e live. 1I2 m them t~c~l th30ry 

t.',~rough 1ts connection th stronomy a ne a full"" !!leo.nln~. 

~ ~an ,ho contributei .erhaps more t~ n n o~h~~ befor3 

or .oince to the me n n- of the matha ~tic 1 theor of ~~tur2 

i a iI' to. li::. to .,~O essentic:a.lly a philosoph r; but he has 

~ afinlt~ l~eJ in thi9 ob' c 1v J faetu~l ~idtory of the 

m~them~tical theory. ~ outs~t e ieciie tha a th ory 

of nature' a spec io 10 ieal p oc~ss' os rIta cD.n 

confirmej as 10_ic 1 or :110 ic~l y a -rou of ration 1 

persona ,he ~ccept its basic premises. ~l~to 11i a reat 

leal to axplor~ the 10 c~l con equenc3 of ~ k_n- ormal 

ani math~mat c 1 cate~ories fLnjam~nt~lJ ani ther9fore 

:_:lpei ievelop the athematlc~ t_ e ry. 

2 
-0 thro J p. l~. 
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~l La _clar j t~' t t s real s r~ticn 1 as op ase 

tc th~ physic 1 theory to t th~ re 1s phys:c' 1. T is 

iiea, for Plato, ',as sei n c r~f 1 

concept ani verif _1 aviienca from &s ronomy. It ~as 

not r_ly opinion. e .:reat im~ort'nce of math In ti 

to lato can be un ers 001 ~f one re iza to t h 

philoso hy restel on an u erstaniin of mat ~matics.) 

After rlato's wor certain cons .uence of t. IDC:itbe 't c 1I 

theory of nature bec ~ clear. Cn on39 u~nce a that 

~athematical ormal theory neejei mathemati2 to a e _t 

3ince lo~i al structure ~as r the 

t ematic 1 tneory '~8ic _n n ture, 0:1c's shorthan~-

. at. _ Cl. t c s ':~ s 3 S sen t 1 c..l • seconi con~3 u~nce that b~cam 

cle _ c ncernei api t 3 olo:y--th~ scianca of '::!lo·'':'n.• 

ae lorli hiCh 3 so _ portant to the phys c~l t eor 

the . ~r j of 33n3~tio --i~ mere illu 0 

theorj. I' the ul tim' te enti 'r in n t re i r t:"onal 'nj 

for 1, he only: y to o realit i~ to ~ son. ~~er1-

_nt i onl r usef 1 bec~use it su__ e t cert& n '~ys f 

thin 1n_ further C0'13e"1.u:mc~ of rl.Ato' ie~11 _3 . '1 th 

the then t_cal t eory is that at~ematic~l theory thereafter 

inj~catel a ch r tel" st c ~etho' for lisc va 1 

~ince on c~n not __ eni on ~x~eriment to reveal tae re 1 

lorl to av _10 sj'5tem '. Ihicb ex:,el'"'i"Il nt _ 

not ruc1 1. -lato' syst ill Has th_ ethol of h 0 esi . 

• -3 usej observ tion only to iniie te p03sibl_ IDuth3 tic 1 

form . n tur_. -e ~etho o~ pothesi commits he 

_ ~lcal f 11~cy of ~rovin~ hat is f rat tat~j; ther~fore 
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pro ~ ~ of tr~cin~ 11 ~yp ha3J9 to t air co~mon ~rasuP?ositions 

tn~rafora it 1s not ~urpri3in~ t:a h~or hi "0 i not 

o natur~ in the olien. a of -reec~. he mathe at ~&.l 

theory ~ot a very ooi st rt i the Golian o 9 of' 

t 9 t ~in- in one of t09 os fruitful intell_ctual 

to buili. 

Th spirit of t a~i his ~tham t ~al th or prevailei 

fter i ei:l. _ • '0 e ontem_ orary pn _c sts 

till ' ~li~v~ the ~ath_m t':"cb.l h~ory to . _ he v i th ory 

of natur_. ir mas ..ia ns says, lIn bri_ nature is rat onal.") 

n this 3am~ assa ~ in r lca a.i ~!ilosoohy ~ean uses 

the roin ar_ 'ma e of tn fact of BC ence as a he p of 

stonss ani th_ iaiuct va syste as thJ hous je from th~ 

3tones an h~ v ay of illustration. 

'I n hySic th_ ae;.>arate 3tonas are nu bers ani th 
~~tur:3 of the hou e are relations bet~e n lar~e 

_rou s of numbers. learl thes9 relations ""'ill ·0 

~09t easil reco 1e ani explainel by e~bolJin them 
in athematic 1 formula_, ao th~ scientific 
nou e will con~is of a coll_ction of mathematic I 

::IiI' -a ~s :~an , ~hysics anj 110soohy (C'mbr j _. 
-'nive sit ress, 943),;.>. 8. 
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formulae, in this ~ y a~j this alon~, can ,!~ ~x:r35s 
th .attern of :; ents." 

Thla 30unds like lato spea in in tha o~~rn orll. 

Tbi3 otation a the ~ 01~ ~i torie~l jefin ion 

of tb~ ~th9m ti ~l theory .oint out sh rp ilstineticn 

batw ~ t. ~ athv tic~l ani ph ic theories. The p ystcal 

theory iuri_ ilJS hist ric 1 a inition aerne:i al',!ays to 

be concept an:i ievelopin a n :;',,1 ch.;;..r""cter. 

about reality. 

n the oth~r han, the· athem' tical th ory, -.;~ile :lev .. lo. ing 

to a c ~rt""in e5r~ , .... a :..;~13 t ratu ":0 r 0 10'll,'{ to 

2x""ctly th~ post tion of the "!.re'3~c9. Thi s ifference 'las 

a very 10 ic~l ex)lan~tion. he .hy ieal theory eelar~s 

t' t matter an motio are basic in natu:,~. This leai 

to ex~~ri nts 1i hys cal matter ani motion La fiui ~ut 

ar apt cr~ f;.cc:.1r'a ,:ely, one ae lenti at can U30 th _ ,,'crk 

o~' -enerations of 3cie::ltL:it3, ani t. areb}' has ~i'''e to 

fi~ll ne' rel· tionshi_ s. Tole, thus f h ::lps to ~i v:; phyoi cal 

t cory an ij91 or r~visei meanin. Th~ mathematical 

theor] ieclare th~t for i b sic. tur~ tner_for , 

conta ns an e 3~ntla1 10 ic a a ch~~ e1 3sneS3 w ch 

ca be se~n 0 throll h re 30 ~n=. "'1:10e reaso. ':"n. ~ s 

th~ only 1a to iiocov9r realit- accor n~ to the math? atlc~l 

t3&OrJ, ~very man has to go s~9arately thro h all the 

~CUS3 

Ibij. 
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r~ality. The i. ivi u 1 13 r~r~ . 0 as ti 9 to b_yon 

th~ r . onin~ the ~ra,t3. 

The mini lnii' u I man ha not i velo e sinc 

th~ tim_ of t e reeks in th manner in which achines for 

x ri ~nti-E h~V3 1ev~10pe. ~inc_ t 3 . them~tical 

theoreti ian 0 moje1"n timas i3 usir>E the a::.= tool--a. 

human m n --as hi9 Greek pr_:eces o~s, th9~3 is m 11 won~ r 

th~t _ 0 ten arriv~s at the same sclution. The m013rn 

athsmatical the r tician is o 10 king f 1" a changele 

e ure ni, i t eJ1 be 1"a he st rts th~ t h~ ':,ri11 ar-riva 

~t esta ishei co c1u ion. hyaicd1 _xp rimant beco e 

or him reliabl~. Th athem~tic 1 thecry Cdn 'e ~ in . in-i 

":]1 thout ajjlng tc 1ts :neanin~ in the f ce of f c t3 it find.s 

h&..!'1 to ~xpl:..i.i. baca sa t. sa f Ct3 C n ji smi s" J.l e.9 

T~io oe not me n tn t t e m~thematic 1 theory ~as 

!1C c'Jc.t"'i·-,u e~ ~ri in'lity to c ceo It means that t. e 

or1 in lit_s ~p ea tepping stone in a proc~ss of 

retur in 0 a chang~1~s3 fori11. 

The s irit of lato over-shaio 2i the ~ii1le ge • 

It . 3 not ~Udt the 3UCC'=S3 of the matus r tical t _ory 

in astronomy ~or its c patib~lity ~ith logically C8DV: .cin~ 

seo:netrias 'hich va itt' :; ;;0' :;;r tc aff _ct t{j~ thinkin 

o _r on .0 liv~j C ntu~i~3 ~ftJr t e Grae ne of 

t··.. funiamental ~e son f r the asc9:1.iency of th_ m~ them tic::-l 

theor i the p rio i rJctlj folIo' i~ Flato ani in th_ 

~ijjl3 is nat it an1s its If to authoritarian form • 

It c , thus, b carr" j from e to unch n 9i as 
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f t. a atham tical theory t~~t 13 r3v~~la by n hi torical 

Q inition. 

The, dthemtic 1 t ry em hasizes th~ im 0 t~nce 0 

reasonin ~an has a t~n ancy to tru t hia 0 sonin 

efying onvention has al ays be~n easi~r to accoffi.l: h 

in the f"rm of pUbl_sh_n ~xper'mental jata t~a.~ in th~ 

form of 3p~ak1ng out ag lnst co~v~ntion 8 ng on~ el~ 

as a' authority. en pure rea on 13 the crit3rlor fJ~ 

, 
~tright j . rong, man c.ci .1 s tori cally a t tum~ 

9-r 0 ~ ho ha one mar·; ,ork in t .9 fiel:), w.o is more 

mor~notei ho ha.s itten -::-0 ok in th~ fteli hca.s the 

bes beh :1 him. _n ahort, the authority's r_ n 

i tr - t~ - . 

~l thou h ?l- to v ou not h va ishei ~t, scl_nc_ Tent 

nto ~cl" .u_ ~hen t ~ PI- tonic ~th_m tic~l theory b C~ill 

the supreme t.eor of nature. ilien t ~ import~nc _3 of 

th~ . hySic worl of se sation i eniei, it is not lon 

before concer: ·.lito n ture for its o','m sake iis<.....ppea s • 

.men, :iur n3 th~ ·iiile :e8, e~piric' 1 3C ence 10 t t8 

'mportanc;, t e oom of mathematics' foresh io el.5 

:~tere3t in ~ the~dtics c ~e to an -h ~ he i~ look n 

~or a sim ler a in' _ch to ~xpres3 th rela.t ons i~ 

t "Torli arouni him. n h 10 _>:) intere~t in t. -:; IOrl 

-
~ 

.·ortnrop. ). .22. 
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'ouni him, h~ oon 10 inter~~t in m ·them~tics. maus , 

th_ cceptan ~ of he th~or~ 1efsatai the 

~ro.t of math~ atics. 

h~ . t ematical theory's emph~s s on reason laj finally 

t a tate her~ n V' uals -'Terc ~t:b.rchin for th all 

r~va lin~ for ithin thams_lves ani to a state here 

i_'lvi uals . er~ c nte latin other Jorl s. mhi trenj 

to' rj inner cont~mplation wa a serious injury to scientif c 

uves i tion. 

In the O~thol_c Church of the ,lillIe A _ t_e a.t emat cal 

t: _ory of natu~e faun] a ~erf~ct co~pa.n on. Th_ hurc 

-~s t e ma_. ~O' r iur'ng the _ijle A:~S, an tbus th~ 

at19m-tical eory revail~-. Becau~_ tQ m the t· al 

th~ory l_n-~ _tself to authcrita~i _ for 3, 't fou~j r 

us~f 1 l~c~ in the ~ut_oritari~n arm of th ~tholi 

~urcn. he e phasis on reason se~n in 'ne math_ ~tical 

th_ory l~i its follo;er t introspection ani a concern 

oJ th t sr' ,.orl in~9s. hi aspect 0 th_ m t~_a!llat c _ 

h or h_Ipsj ~ak it com~at_ble ~ th the t ~chin of th~ 

Churc T _ teac in 3 of the u~tholic Church saw l~fe 

c.	 but a o:ne~ t of suf arin bafor _ an lliS allo··pj to 031_ 

nt a~otner mor6 beaut:ful orli ';h8 S all ~oul_ be m ~ 

'ell an clea~. a a_nse, tu~ ariatian heaven was the 

place -'~er t-..,~ t.:lt a _ for:!! of the ~d.themrt c::r.l theor 

ioull _ revealei. The hr sti ~ emphasi~ on the lm?o~tanc~ 

to ~oj of ~ach ~jivi iu I _s c _!!!_.Ja ti bl_ it the 3ea c._ 

for r~~lltJ thin on~ elf ihich 1s an outco!lle of the 
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~at_ e atica t~eory• 

•• (;l. r lly he t. ~md. ti Cl. t. eory ha .... b~co a sta nant 

by tha ti So of 3-alileo. ~L1C~ n essential chan.:e i the 

at of 100 in a the uni ~rs~ n occurei 0 centuri3S, 

thi3 is not ~u~_ -isin~. A" t orit rian jo inat~j ~r s _k 

t ..li11~ ""as not u ually pro.iuc r lic' 1 chc..n e of 

any 1. Ironically was homa u na , the ~3at 

C tooli theolo _ n, Iho 0 enej the N y fa reb rth of 

scien e. By am.h 9iz_ th hristotali r functional 

theory 0 natur_, ina emph~ izel t.~ lmportanc_ of 

a s rvin the real ph- s1c'.1 ''lor j. T~i8 res 1 t from toe 

f ct t at ~. e f ctlo~'l theor. 100 aj to na ure 'nst~a 

f to re son r r3alit. ' ter . a sh 11 1i3c S~ the functional 

theory in full an.i th_ :m?ortance 0 observ~t on 0 natur 

to the functio_ a t- :.ory -ill be 'j c1 h. • t pres_nt 

Ie ne:d ay onl th t. is otl~ b_c'- e 1nt_.l:' ::;tei in t 

rinci.le of b~co 1n~--1n the ~jea thht the r~~l chan: 

it pro rt· es--b at ying biola i 1 henomena. If 

the real chan 33 1t pro ert e, e must eo.tinually atch 

t to rem _n n touch 1th rea11 ty. Th1", was t'ie th or r 

that uin s r~v -j. h retur to an inte a in nature 

for natur~13 3a _, -hie j the auth ·rit of t~e tholic 

urch 'ehin- it, a re "rectl' r9s.on~1ble fo th 

reb_rth of the ph _ca. taeor; th..:>.. '/a_ th~ var.!. a ini1vidual 

int_llectu 1 rebel who laborei to revive sci_nc~. 9 seeis 

o h_ ie truction of th 'b301ut3 ~o~sr of the Catho ic 

Ghu ch -. at C" lante -, O!1e of it c ief - int.:> 1n the 

t the ss_js of the j_str ctio of tne athematic~l 
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tneorj r_ 1antgj ~ e the0r~ _ a1f. 

Gal leo'''' or._ has b~. :113C 33_i in full, anj o.e 

C' _!Il _iL.. tely r~' lize that J-' lileo I s conc~r'~ "Ii th ph sica1 

wa i compati 13 ith the reason-ori3Dte i 

ath~m t cal t' eo 'r rern p5 if ~. i1eo h 

and h 1- t c rrela e natur'l phenoID_na J th re . ou1 

v~ been an immejiate return to mathe atlcal theory • 

..r_l L.o, ho ~V r, wa successful an the mathematic' 1 theory 

o nature ]ecli~e1 r .1111 • 

.r• 0 titIl9 9rog e sei, the physic' 1 t. ry S ble to 

explain mora ni mor pheno ena. It exp a nej the ne r­

at-hani beno an then after s'·!ton 's :!ork .:.. tela n~jI 

the far-a:ay _henomena. ~~n N 3 va y te t c t tement 

0- t. _ ; rki~ ~ of t~~ niverse _ e'"lto in Lh or 0 

three a' 8 o ion. 

va o#~ to pr_dict ~ t re ar' ble accuracy 

tho orkin:s of macroscopic natur. . itb tbi po: r t, 

relict ca ~ 11!1!i t:::i po'-{ r tel'" r'01. TiE~ suff erings 

iurin~ 1 fa no Ion er nes to be cons':"ierej ~':";9 nific nt 

events necessary fo a ~u l-r unjerstaniin of a~l t . 

T e return of th~ phy ic~l theory Ie a~ay fro~ thin 9 f 

~ e mini to thin ~ of th~ oiy. fter t ~ 3ev~ntaenth 

centur t ~ phySic~l s is o~ I-f3 hai a ~ln ~c i ,:Jort nt 

a limi ai a ':"lity to c ntrol natur~ t -an's aivanta 

av lop_i. ~cienc3'_ abi tty to ~a e a b tte~ _~terial 

life for ma h~s b~~ t_: ana feature of 3C':"= cs that h' 

consistent1 c~ptur_j P09 lar sup crt f~r 5cl:~c3. _fter 
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aiton, t. a hySlc~l theory c~~jej t jom nanc~ on a
 

ave o~ po ular sup ort.
 

h __ rthemat 0' 1 theory ~i' ~ t lie out com~19tely 

anj t en S .enl reap~ear i the atter n~n t~enth century. 

h fe: lnj er al ays ~orkin~ out at ematical re1Gtionshi s 

~~ nature nj vie n, n~tu s basic 1ly at _m ic~l. 

.I.J::il' 13-0, Iton , ani ti:lOse ho f0110'l_ eonai atent1 emi-/hasi ze 

toe ua~t tativc natura of phy 10 1 th ry, but thair 

tar 5, althou h _rejominant y phys·cb.l, '..rer' stat j i:1 

oth 1'5 fu'.Anl 

_t neces ary to lev lop ne .., ma th_ ...... tic::..l forms t!i th ,,' ch 

to e3C tbe quant t tive ~h leal chimer . esc ..... rt33, 

~ c nt ~m ora.ry 0 ~ ':ton IS, t tampt7i to ri"'1g 11 the 

.enome a of ph]si 11 tnin a s1n 1 Jsta 

un11k_ re- tonls .,as kinematical--t 

s ostly in error. It ls i t r_stin to note, ho~e ar, 

that b o sa :l, III a ot ~cce~t an oL.er princi.l?s _n 

phy i'3 han t er re in gaometry ani abstr ct mathe~atics 

b3c~us~ a 1 the phenomen of nature m b~ expl 1n_1 by 

th_ir !Lei:2.ns." 7 

In t latter part of the nineteenth centur)' i t bac:-.;:;~ 

_v1iant that n' ture m1:ht "ell ~xhibit continuity ~s i'~ 

basic f ,- ture. Th~ories hlch too' th: b' 1c enti t as n 

nature to be i'co tinuou r~n nto - f'c Itie~ explaining 

, 
'J 

DIb ., . . 57. 

7 
e n" , p. IG7. 
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9Pt c~l _ j _lec rical hanomene. '10 ly th 1 jea f 'To-vas 

anj fi91is cee ta~. These je r vealej a 1 aeceptanc; 

of tba them- tic' 1 theory iie t tur __ eontinuit 

. 3 a ~:c f tur. Cla3s1cal physiclsto cf th nlnete~nth 

century h' dIan be_n e pressing he'r nowIe g_ of nature 

n co tlnuou terms an for tha 0 t ~art the tho vht in 

continuou term. B t th conti.ulty &.t ttl3 c1 .3 1c..;,1 

a r tion 1 cont nuity. Ih_se _n ij not _x oun~ lther th3 

athem 1c 1 or the hy",ic=...l t28,_r'j-. Thi:=. i-:as a transition 

-=ra. Th Y ro-ress j from the point .er_ n tur3 is 

e cribei as iseontl ou particle . ut L._y had not b e 

1 to free th_mselv s from the i a that natur is physical. 

'cn 10m-in t_i 

1 tel' nineteenth cent rJ i3 -v danc that p Y3 C8 S 

in tr naitional -9 io. The :tn r ... 3 a. physical eiiu 

,,,{.. ich ;..xhioi tei stre::;s33 n strc.ins, but it -,.'as not je 

u of ji~cr te . 'rticles. n_ cou not touc~ fa~ or han 19 

the _there It exhibitej continuity, ut it ,las 0 h_ 

r~tional cantin ity a a str_ctly a atic 1 tJ130ry. 

t ',jas th3 continUity of a physico.l stream ';.Thieh flo s 

t'll t . 

~ p3r~on using a com~13tely p ys c 1 theory on the 

of n'-tuce in 0'01 physical ii ...co tinuous tar s. .:r tur_ 

1 is crib j ::>ing '= can uch, 

_r on u~in completely mathem tic~l 

theory' 5 it on the ~o t oph1 t1catei reflnej 
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l=v~l j_ cribes ani th nk f nature only n r tional 

cent nUOU3 t3r~3. ~~t~ra her JOBs no 1 - its91f to 

mo:iela of 'n k1nl. dS the pnysical theory I'O esses 

to ar~ tn3 'them tic 1 th-or ,'le In th t nat re is 

seen a less ani as :i1 c ntinuous an more an more 

~sccntinuou . atur3 13 loJo seen Ie anj les physicc;.l 

~Y\an mor_ anj are rational. The perl0 h ch .. 6 .. bout~ 

to i 'cuas is C:1~ of t na.:.tion. .9 "':111 a :3'~': tL3 "evelopment 

of the ~anlnC" of th mathematical theo!' at c1 arly~J 

,.,e s 0 01 1.1 thi ... erici (t _,= tt~r 1ncte nth century) 

the continuous moi_ls a_n~:i cce9t nce over the iisco"1t nuous 

moiel j how tner~ a t~_nj to~ar:i t.9 ratio"1~ x lanat on 

at the 3X~e"1 e 0 th .hYSic 1 ex anation. 

In optic~ tnere lav 

th_ ~~rticle theory of Ii t. transition 

s occur ng. The .hy~ c~l t eory model of Ii ht aa corpu c 1 r 

. a elng r_pl cei bj t a athem~tic' 1 th_ory ijea of i~ht 

a" a co tin ou - ,/av. The e ,la..ves h j, . in many case , 

y lc' 1 cbaract r13tics. The r not yet co pl tely 

r~t:onal, m themdtic~l function, . ut they 1j _xh1blt 

t contlnu"ty' nich only atnem~t1cal th oric" . ttr~bute 

to the ~ 1e founiatlons of nature. In the nin teenth 

century, ~uygen ha:i g.ven eviienc_ or th support of t· e 

"dve theory--r fra-etion a 

y - the : va theor 1 e .... ton IS n m~ ha:l. _e afix:d 

to ta:> corp;;;) l~r theo y, .,hic aftar f ahl0 ~X lal~e 

refl~ction, r_fr" ction anj colo • he corpus ular theorj 

t thi t e acce tej ostly bvc~use of the -~ner 1 



au c _ 3 of the pn ScI theory t, '- ch it· s -'"oine . 

he physical theor stra38in ji3c0ntin'ity h'i '~n very 

3uccesaf' 91a ining _8C' nic'l phenomena. 

_ t t' _ be innin of th nin tesnt century, the ave 

n ~~lis 3xperlm3ntertasor of li~ht ainej au ort. 

n mei Youn 
o 

.orkei 'th h~ interferen e phenomenon ani 

no ieel tnat if Ii t ro, a 3in-l~ ourc~' as .ut through 

t.IO slit v3ry cl0 ~ to ether a treak of 1 ht anj 

s reen in front o~ th~ 

system of 31 ts or iif raction gratin. This phsnomenon 

311 if Ii ht 'lard assum_.i to b_ -'10.cou j be explainei 

1 e. Ons couli say that the l~ves either constructiv 1 

or ie~truetively inter_Brei. _ ii~~ram ~lll how Loun 's 

stra 

," 

_Dun .iii not preae t a pursly athe~~tical ave theory. 

Hi ave ~'la8 not a ra anal fU!lcti .. ; it· as a hysical 

'o.ve hlch re'...u re r'1 ether throu:h '~h.ic - t pa~s. 

oun~ postu tai t e lu _nife.o·s ether ;1':; hay ~en onej. 

-t up 0.:>9il !a~ a~ unletect l~ ~ubstance which ervalel 
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....ve th_s va-ve thaol"'Y "10.0 not r-:: 1arcLly aCC 3 9 unt 1~ 

~!"esna.l ccsptgi _oung's iiea a. s:i the to ex la n 

polc1rizd.tion. TO.-=> F ~!lch acaie~y f =>ci~n iii not fuvor 

...the ii vs tneor of li-ht" out nal l. e succ~ of the 

d.V_ theor C' use t be ~e er~lly ~cce_ tai n the earl 

1neteenth cen ry. Tn~ continuous, mathgmatlcal aspect 

of th~ ~orli of _ 3ctric:ty ani ~a_neti as brou_ht forwar.:i 

iua to to.__ 'ork of Farala", _'. "-ell, n:l .,=,rtz. 

ecause Faraiay i litt.le as of athem" tiG 1 t~chni ue, 

h~ iescr1bei th co.tinuity _ ~ sa~ in elec"rical ani rna netic 

pheno _na a II tube of forc~ll. Ironically it w s not the 

atnemati ian~ who ioneer~i ths hi hly matha otical _'_11 

heor. It a ~ne unmat,hematical ~araiay. Fara~ y aI_eve 

hat ~lectroma:1etlc effect dii not have their ba is in 

lu 8 of ron or i h s" cal ma_nets. r 1, , ina real 

sense, not~in" 1_ s than t e .hol un ver~e wa 1nvolve:i, 

t __ ire~, rna nets, ani oth r material adgets eio- r' ther 

1n81..::n f an nc :lent .11 e 9 ¥e S8 th= 3- m h aia 0 

thematicalhich sual:!latte 

theo F ra ay lctur_j a agnet r a curr_nt c~rr 

ire s h vin~ tenta 193 tniQh r_~c out in 11 j rections. 

ent cle- - ere stron~er nearer a mat rial boi ani 

r~ "ea _r at eater :ii t~nc s. It 'as ,e39 t_nt· cles 

t t lere the ulti~a e r . 1 tJ n nature. ~ erimanta 

eviience supportei Faraiay' iiea; but these i1eas ~e~e 

offm n, p. 1 • 
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so simple ani basic t~at tn03~ :lbo beli::?vei natur to be 

intriC6.te r_iiculei araiay' l1ea. 

"'/he ler aX"'lel ~g~ - ra'!18 . tin arala I s riv t::. 

un! iliar iie s into the Ian a ~ of -atbe a.tics, 4' 
l" se 

;:)tr' ng ly ~nou h 

Fea.r lay's i~ as fitted perf~ctlJ into atnematie~l forms. 

conce t 

t~e tr ffie of th~ univar3: ~ combinln s~t 

of la"lS was neces r' j. 'I ~ Th,s- electrom n tic fiell can 

be thou ht or ~ a r f n . th form f ralay's 

tub 8 0 f rce. T:~ electroma etic fie a a physical 

cri_,tton of th'3 

t~e t e r t~ of chan 

.;;.:;~=?-;-~r anJ. ~h _ c e, by J. ohm, 
"111. 

s an importan event in t e 

- as t e ultimate r litv of th 

f i cane e of ·:ax ell' a 3L::ct oma netic 

quations expr~ sin t: i fi=l'. 

The athematic 1 s 

ivation of th 

x IIelllan era. or:.i 9 er 

u ntity pro_ortiona to th number of line. of orce in 

eanin~; ut he fi 1 i be t ex.reQsei in a mathematlc~l 

e uat thi~ ch n ~ ta a.!1 ~12ct;::'ic cUl'!'ent, '-ith .... c:-:' 

then, ~xp eS3 "reI tiona bet~ 

a ma net ~ie i 'as.:i too, t':'cally 3soci6.t~..i. ~e cuI::, 

hi tory of th~ mathematic 1 theory 0 n~ture. 

for~, nj m themat cal ~ 

fo t:· t in a ~~ 10n where th ~lectric injuctlon--a 
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of thQ compo ~nts of the 31~ctric ~juct_ anj h~ spaC2 

r' te of change 0 th c onents of t~3 assoclatel rna ~tic 

fi::>1 .1,1 ax' 1 or"ov=~, founi t' t in a re....10 

'Tn r the roa netic niuction "as changin:; . coul r 

t a thera existe n eleetr:c fi91i anJ h coul e PI' ss 

r_l tlons 'b_t~e n th tlmi rat_ of c n~3 .f co~~on9nt3 cf 

th_ magnetlc iniuction ani t~~ a~~C3 rat~ sf chau_~ cf th3 

c n onants of th ~lec ric intensity aSBociatej th them. 1111 

r:- _ ralationshi .3 ·.lhie a7.~el1 ~xpressei er_ pre nt~j 

L. . thematic 1 eq, a ions. H~, furt.her, ~'f b to 

ani.u ~te mathematically th_ t.o s_ts of reI tionships 

an to pro uce e uations -'lhie ga ~ tue time ani pac 

rel~tions of e~eh co on_ t of 31~ctric intensity ani the 

nt_us ty. I t so happens t·_~ t lee tric l.ntenqi t aiJli ts 

oi a ve 301ut.::"on. 1f;3 ::i33Ume elsctric intensl t is 

vi in a \'1av'" "'2 ea jeriv9 the ame secon ori 

11 f 9!ltial :::>qu tion -·';:11eh ... x','/ell erlvei usin - t~_ 

roees "hich '/_ ~u iscus3aj. Tha only re ulrement 

Q~or a ing tb t 10 - . ations ijentic 1 1 that th_ v"" oclt 
.,. 

-!o0.1- prop ....,ation of th 'lave OU.:3t e .--';d.l ..... ~ 9p;9j of I' t 

11vl.i::d bJ th s u r_ root of tne lel ctric con::;t:;.~t 

t mes th perme~b lit Tn::.. t i 3, in .:.. vacuum IIhera t 

e 
orma Gil ert, :::1 3ctricl t.., 

,ork: The acmillan Co .~ny, 

Ie 
a.ni ~a.......,.:....;;.."'-F-::.-*

1957), p. 
(jr1 

11 
Ibl1. 
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.ii l~ctric con3 ant an~ tn permea lity are cne. speai 

of 11- t mu t _.u 1 t e spe i of th ~lact~oma~net caves. 

T e t"TO 1_c ric :nten '1 ty equ' tion of t' '" u x " cOillpon3nt 

Jf _ octrica1 intensity 

It C~~ be s en t at t _se re iientictil if ~-l. Th 
~ v ~ 'tT_ 

'J 

mean n of ~J L, ~ ani V va bee:J. ve. IIZ'I is e17ctric 

int=>nsit , 1 1s t1Ilt·

coori1nates. h am ype of reasoni . applies to th­

....n tic int ns_ t an t"TO e uat10n of the ame form Cr:il:1 

an ma et1c ~'laV9S -,'/as 3e:;n by . x -[ 11, he had begun to 

for ul te ~13ctromam9tic theory h ch combine !i:ht, 

lectrlc1ty anj rna netism, ani ae haj ~02t l~tei t1= 3xiat3nca 

be ~ r ve.i. 

f e,' typ the atic~ e uation-­

t 'as nertz' 8 i,;3tiny to emonstr 

the .3 i t_Dce of the eaves. 

T e _1_ troma....nwtic ' a 38 for -hich Hertz wishw to 

f1nj ex. _rimental ev1 i nce ~';er-9 t .ought to have t i co :l!. on.:.nts 

)9rpenjicul r to on~ th r. r~e 91 ctric lnt 
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thou ht to 1i_ in one plan an- th_ rna_netic lnten ity 

:"n nother. he v_s of the t·o components a e sho~Yn 

balor: 

, 
I 

2 
f i ' Z - j., U)Ca1t1 ~.( el'~"'roic- ;'+f"~I;f, 4InJ 1tt~;J ,,~fic 

j"te't'i+~ _ Cd""" ~QH~ ~f ele(;+n:t-~"'et;(; ffU~Ve,.(It.ftet­
b;( bt.....JE leeci ..·ci+y 4.riJWbt,,.ef-jI!>~.1 p. ~.~-) 

H~rtz jevi e an 0 c_llator of 5~fflei~~tly hi~ fre uenc] 

to rojuc- raii tiona of aDa e b13 ~~ve n tha anl j~visej 

a' of :iet;:;ctin..: th se . aves. " ~rtz j av s~i 8..:1 C 3ci 11<:,;. tor 

lhich . ecausa it .ont _n small in uctance ani a 5 all 

c~p~c t nc~ ~aa abl~ to ;roiuce ~ s ffici_ntly hi=h requency • 
oscill,,-tion. Cnce.,;. spar· hal :umpa the s_ rk :ap in the 

oscl1 tor ci~c~lt an 03cill .tory iischar:_ occurei--t~e 

c pacitanc_ ani th_ i iuct nc alternately stor~i en r 

Apart rom th_ oscillator, -ertz plac3i a iet~ctor ~hic~ 

too tn_ form of a _oop of lire 1 tn a ap i. it. n 

.- ar.s 'urn across tni he vas convlnc.ei 
~ 

t .. ,-,-,t electro ,-,net c 'fa es " era re3;Jon i 013. fter ell< 

no i.ir,,;; conn9cti:;d the 08cil ~tor and. the i9t~ctor. 

Hertz prove the ~ V_S . ere t e el~ctrom etic waves 

f .axwel i n theory by aho in that the waves couli b~ 

901~rizei) r fl~ct_d ani r_fract:~. o t __ ~ cont nucus 

. ave the ry '/hic i.:5 t.:..aic;.,.lli-. themat'cal th30r 1as 
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ic orious. It na1 predict i a a be ore the ~ v -res 

mown to ~xist. Lni hai b~en jon~ 501ely by ~ork ~ith 

mathematic 1 e~uatlon9. h 'ave th~t ha1 be 1i5covere" 

,ar not physic 1. Th3j couli not 09 533n, touchei or fIt; 

yet the ietermine 0 tic 1, l~ctr'cal ani m "n tic 

_ff:cta. Th_ir e fects coul" b i~tect_j by the senses. 

not this vi enc:::, of a formal wave hieh -·a th ba. 1c 

nti ty in na t r a 1 i·:hich proJ.ucei ch' g...,s _n nature? 

owever, the ether "as 3till "h' n 1n roun I' to ke_p 

the ',av _ tb::>ory from bein~ co plately rational. The _t" _er 

'as physi 1 conc_pt. Even though Lor3ntz, foresh jo in~ 

the relativit theory, fi urei out t~.- tr nsfor~ations of 

5P c~ ~n~ time hich Mer~ ne_de in e13ctrodynam1c3, he 

per i8t_~ 1n connecting his transformation it th ather. 

_ 

ct also 1a unable to ivs u hi classical iie of tne 

absolut~ness ti a even though he worked out transformation 

f time a 11 3 ace. rentz felt that here s 

:'real ti a" hat t time hieh cban ~ '8.3 ·'lee::..1 

time t' • T e ether, partly b_cause of its artificialitjr, 

',,'as not e tin_i to rem in for ..... n in ph 1c::.. "Ta in 

Lor~ntz' th ory as it t nis, on cannot help but r2co~nize 

t. t this .ccuIDulation of hypot ea s po.:tula.t~i j oc 

ma.- _9 it pa nfully rti.:'icial. Accorlins to t· ~ theory, 

the eth~r mu t b~ r_-arie atagn nt ani the earth as 

mo in throu hit "Ii th 50me jefinite v310ci t '. Th s veloc t 
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mu t, hO\'I3veI', re ain ~t.~r'nally un_ 0 abL, to us. HI::: 

It 13 n~t .surpri al!1S ; n '113,.1' of" the ;r;c 9uinS i scu3sion 

that ~in6t9in felt that the striaI' faa a u3el_Bs conc3~t• 

.'e iscu - ed. to .l'31:::.tiv1 ty t_ eory at SO:-ll\~ 1enstn wh n \fe 

w r' ~i storicu.lly iefining ttl; phyalc-:.l tnaory; hO\'12v3r 

certain of lta aspacts ar3 8ssent1al to an hlatorica~ 

i~flnltion of t~~ m~thematlcal t~30ry. ~e must, ther~for~, 

und.erta.l{_ a 11ttl~ rep2tition. :;13 sa'..: that with 31:nst'3in'g 

.i13rn13;3C:i.l of t~e ethar' ~:e ' _ an to form th'~ apecial th ory 

of r31':tivity. Thla theor~l ShOr,'ll:1 that th3 la-:-I,3 of nature 

ar_ inv~riant ~ith r~spect to the v310city of a fraQ3 ~f 

r3feranca, W~ nota1 that in the sp cial theory, tha v310city 

of light is con3ta~t, ani that s:ac~, time ani 3~IUlta~3ity 

ara r~1&tlv3. The 3p~cial theory of ralativity was in 

llan~.r ~·ra.Jr3 a.. mathematic3.1 theory a.nI ~f ~in3tein ha1 stopp d. 

';Ii th t: e a ..j ~C ial t~'1aGr3') th3 m3. t. e tical th ~ory of ns. ture 

illi~..:ht h~v.a continuej to ba t e ~ ominant tneory. 

~~~nts in thG 3p~cial t~eory 8f r'Jl' tivity t~k3 ~1&c3 

in 3p ca-tic~. Space - i tim coeriinate ie_ e~i on the 

11318Ci ty of the fr e ":Jut 8pt!.ce-ti:ila '1;;..:3 a c:;)rtain &.bsoluteness. 

~r:3ry ;:3rson :lno is in a j1ffera!1t fram3 jivljas ap:.i.ce-tlme 

up ifferantly. 'rhi3 !Jh~nGIIlanon can be i 3ffion3trate·i as 

follo~a: Three iiffa~ent per30ns are a3ke~ to arrive at 

th·3 nu :ber t:·telve by fiul ti .- in~ t;'1Q numbers. Ona p.:>rson 

saJa four t1 3 thr?9 1s t~elve. CDa saya that six tim39 

12 
j'Abro, p. 157. 
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t~o is t~3lve. Another says t. t twalva times o~e 18 t~elve. 

But t~=y all asr:?:? that the proiuct 1s t~l~l"e. 'I'bss:? p:~rsons 

act thou3b thay ','lara in jlff ~rant frames of refer'enc e. 

Tha spacial theory, by ~ivln= space-time (a chro~c590mwtry) 

~baolutena8S br1n~s t1~ math~matical theory to the fora ouni. 

Tnl~ 16 bec~us] a formal rather than a physical category 

hal ain b3come the baaic ntity in nature. All events 

are placai in relation to space-time, anj, space-time could 

only b~ iaacrlb8i j .~uat31y in mathematical terms. 

At this sta a, relativity theory absorbei the attention 
of man. Its mathematical emphasis an~ chrono-g30matrlcal 
character causal uncritical sci ntific minis to suppose 
that t~9 continuous theory Wo3 a~ain esta.bliahei. 
~~ature is a four .llmenslonal continuum in '';llich an 
object 13 but a series of static ~v3nt pa~ticles taken 
as at r2st or in motion accoriln~ to one's fra~a of 
r~ferences.13 ~ 

The 5~n9ral theory of r31ativity has been lo~ic~lly 

sho'im to b3 bG.3ical1y a ~hyslcal th'30ry. Ho":,ever, sine e 

tha ~~naral theory U3~5 mat~ematlc~ ~xt~nsiv9ly, W~ shouli 

axe-mine the connection bet', '9~n rna the:na tical theory anJ the 

33nar~1 theory cf r~latlVity. 

The curvature of space that W3 ~ave S8en associ~t~l with 

the chansa in m9tr1c~ ~roiuGei by ~cc91eration of matter 

haa b~r some rho u~e the II a t' ~ aT,icdl thsory bi:;8:l interprete.i 

~uite I1ffarently. The3e }ersons think that gravitational 

fialls Hhic~ :roiuc2 ac:~laratlon are mer31y illanlfe~tationa 

of the curv~tura of space. 3inca a~ace can be thou~ht of 

13, 
~orthrop, p. 126. 
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a::3 CUI'vsi anj cO~1tinuous a:1.d si'nC3 cur'VB spaci:! can be 

or ne~ tlv~ly c rv~d, thare is ~ Qatn ~t~cal co~~~ctlon 

of nc..tuI'':-. The aa e 9~uatlo:1 that ',Fa 3ho-.;~:.i ha.i VEo.Bt 

physic&.l 3i3nlficanca ls, n3v~rth~le~s, a ~ath3matical 

equEo.tlon descrlb~n8 the univers . The 0 ~ of tho eQuation.-1,
K 

(G _.l~ =T ) r~JJra39nt8 the ~pa"itational potsnt1al,
ik - lk ik ­

ani t:13 CUI''I1 tur~ <kt eac.h ;.oi?1t i s i:;~crlbe,j by ten llffer-;nt 

rajli of cu~vatur3 rs~r36dntei by the G. of the etiuation.
1« 

Alth:)ugh the a"1uation 1s 56nar6.lly a:re~i to have ba.sically 

a physical s:L5nif1canc ~ the oQ'.:er of t~e rna thema ticalJ 

theory is . mo~str~t3j by the fact t~at a mat~em&tic~l 

~ --9q,ua.t.lon ..1..:3 uaej to jeacrlba the la~s of the universe. 

It couli be saii that the equation 13 basic an~ that the 

.hysical lnterpr~tation just lays the part of a molel. 

The aivent of the qua~tu t~eory gave the ,athematical 

theory further territory in which to lev~lopo It found 

both SUCCBS3 ani f~ilur=. 

Bohr, &s we haV3 3e~n, synthaaizei the ij~as of Planck, 

~ln tein ani auth3rforj a~j iev~lop j a quantum theory of 

ths atom in ~hich i3co~tlnulty rulsi ani in ~~ich only 

:}.ua':1ta of ena"'rSY ',:?re lttej. This das a truly pn sieal 

t~=ory. B:mi9ver, ·,l1hen the bohr tory be ,::an to haV3 troub13 

laini':1S ap~ctral ph_no dna, H31senbarg steppaj in with 

a mat_ ~matlcal tbeory. He suggestei sivin: up ~hY8ical 
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1loJels ani aS3i3ning tndth'3matica,l equations to quantum 

phanoCJena. 

In orier to comprahenj Heis~nber5ls contribution to 

quantu physics ani to t~a m~th6m~tical theory of n~ture, 

on3 illust Bea it as a reaction te tne q 'antu tn_ory of 

Bohr. H~isenb7r5 ~i3~~j to explain the thinga ~hlch seem3i 

to defy 3xplanation in terms of the Bohr theory. 

a the Bohr theory no mor~ to its cre~lt than this, 
tIlca.tit revaalerl. to Hai senberg the secret of i t.s mffi 
~eakn2ss, an~ thus of the inner~08t weakness of all 
9ravious phySics, it wouli still go jown in history 
as a transcendental influence in the evolution of 
modern sci.=nce. 14 

Bohr ha U3a~ Fourier analysis as the mathematical tool 

for hls corrasponience princlplG. Fourl~r ieclarej that 

a sine wave has only one frequency ani that all other 

rhythlUic ,,'av 3S may be .iecom:;Josaj, into constituent slne 

,,;avas ofiifferent frequencia8. Bohr 1.3 theory sta.t =1 that 

the rhythm of tr.. 3 lrlotion of el~ctrons in orbi t aroun-i the 

nucleus when aub~3ctaj to Fourier analysis shoull ahew 

tha sarna pure frequ'~nci~s as .iij tha rhythm of tn_ motion 

of th~ _lanets arouni the aun. The39 frequencies ars not 

the fraquenciei3 of tha jumps betr/lesn or'oi ts. Thess are the 

frequencies of toe orbit themselves. They ~ave thsir 

back-3rouni in classical machanics anj t!l~ ~ump fraCiuancL~s 

th3 correa~onjence principle which .3tate1 that in the 

14
 
::offman, p. 84. 
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limiting ca.ses of lar~-a OaS3~8 an:i of orbits of large 

ilrne~3ions. quantum ~~chanics must pass over into classical 

mechanics. Thede tr"lO typas of frequencl 65-- jump ani orbi tal-­

ani thu~ classical ani quantum mechanics can be correlate~ 

by usin3 Bohr's correspordence principle. This rGla t10nship 

work~j for orbits far from the nucleus where ener~y jifferenc2s 

were small. it did not work very ~el~ for hi~h ener:y or~lt. 

This ~rlnclple--r3latl~g classical ani quantum m3c~anlcs 

in a rat~er arbitrary fashlon--was cal13i the correspondence 

pr1nclple. 

Hei3enber8 arriv3i on the scene at this pointo The 

motion of a particla around a nucleus at this time couli 

be i::>3i.:;na.t~i by i.ts pos1tion "pll ani its mome:ltum " q ll. 

Fourier an... lys13 says that the lip'S" anj It q 's" can be 

analysei inte cODstitu3nt sine wa.ves, but Helsanber~ ~ut 

the frequancies conn~ct5i with the ,t p ' gil ani Il q 1 3 " in a 

square table or " matrix ll 
• (Heisenberg ~as concernel b~cause 

the Fourier analjisis ~rieljej frequencies '-thicn ~li not 

corr3spond to :um~ frequencies shotm by ji3~ances betwe3n 

:mar3Y lev~.:l:3 on an 9n3re;y level jla_ram obtaln~i from 

sp3ctral analysis.) Heisanber: f-It 0. recon3truction ~..,as 

necessary b9cauaa previous theorl~g ~ere 1nai9~uate. 

Hoffman l1k9ns Heisenberg's square table to a milea 3 chart. 15 

He ILcm.s the Bal _1" frequ3ucy laiier to a roal ".'/i th several 

dlfferant tow~s on it. Both tr~ frequency-between-13v~ls 

15 
Hoffman, p. 92. 
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infcrLIl~tion a"11 the mil ~a c-bet'..13en-toNl1S inf'J_ a ti~:m is 

~o~t easily hOin in ~ square table as shown follo~ins: 

N.tItt.'." 
T.-.u lit 

"',,;....,. ~Y..." '''''4­!JII,"i. 7~"...." i1t4S-.,.,-f... 

I.J ... :...... , tt ,41, foe I J 1 '{I
ftj,.., Y.r~ ,1' n .,1 L/ ~H 

, ... ; 1•...,.,4.... /oG 1J (J 2,L #~~ 

-1l"C''''••'' J~7 " J.L II 17' 
w.S4 i." <I •• £-I, .z-Y1 I~' ~"ll II 

F;1 ~-3 . Ih ;Jt'~' T4b' e . t"~5~"'P "1"'1".f ~ .....,.. ~o.,1d 
.Illte uS-,N to l'tf:>""'" ."..~ue"c.!I-be:f.,,~.ie"J' r~-F~,."'4-I :CJ... (U+~.. 
l-I6'i~ 1'1&4" .J ~-t"r.e"1" S!Pry ""f ...."C Q ",\-#&Jh., ~ p., J.) 

~eiS3nb3r3 maie his square tablea to r~ r_3ant the frequancies 

lip" ani '!qll. He :ieci,",,~j tnat in his ~":::lr}: he couli only 

laider. Thi3 me~nt that what nai once b~en a j~finit~ 

p:1 sical qua" ti tY-iI!:)mantum_"ras n.O':i a square mathematical 

osition too was a square tabla. 

A timely, r arkabl~ part ~as pla ~j by cathamaties 

in this n~i'! theory of Hats -·nbar5 IS. Althou~h th.e lav-?ls 

0;-, th9 Balmar fraqu8!1cy ladler couli be nalIie:1 first J s&conj, 

thir1, tha theory itself ~ia3 re~uirai to :a~3rata m them tieally 

the correct j~flnlte fra~u3nc13s a~j int~nsiti~3 for each 

13VGI. ;:atb:ematics male tills ~nerating oS3ibL~ £:.3 !:fa 

shall see latar. jeisenb3rs now ~ish~j to uae oli_r forms 

":mieh multlpliai the "p's" ani tID 1I'~'SIl to siva v~luabl~ 

i~for tiona ievelo~ed. a -iJ to ultiply his 

table in '.-r:.J.lch d fferent l'esults I.-lere ;:~rojuc 31 jege~1.iins 

"~:>n ·.'ihethar one multipli3j 'lp'l tim"',3 II q t' or " q times rlprl. 

B{ ioin this .eis3~1berg un":ittin 1y ra.:ii3cover..:j ~"~atrix 
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c~lc~lUJ. Again athematics h 1 e ieveloped b~for he 

phenomena the univ~r3~ callei for it. Couli this b~ avii8~c3 

of ths baslc~lly ath matic~l char~cter of t~~ ~niv~r53? 

Tn~ lm;:.orta"!1ca of mathematical op9r~tion8 ani forms 

i;3~reat in Q.U<i:ltUlll ...lech nics. P rhap8 I shouli flrat clear 

up the UBase of the various terms related to this topic. 

£•.a trix IDscnani C s, ·..~ave rJechanic s ani quantum m3chani c s ar e 

ii3coverei matrices as a mathematical tool for ~xplainin 

ieriv3i Ha1senbarg ' s results from ~hat seemei to be ~ifferent 

ethois. He solvel a~ 9Q.uation like the '.>fava equation of 

clas81c&.1 mechanic s ani ro-iuc 31 ~'iha t ';/as an ext:msion of 

is Ero:lle ' s liaa3 of tr-~ ~ave nature of matter ani the 

matt3r nature of ·,12..V33. The com)l~x of theories by .3ch~·oiinoer 

ani hsisenb rg ~as c~ll rave mechanics. 01"2 5en~ral 

theory advanced by Dirac ani smoothei out by von Neumann 

f.rorll -'lhlch 3chroi1ncer I s ani HeisenberG IS ',,'ork car- be ieri v~:::. 

as a 3~ecial case is c~ll_~ qua~tuo m~chartics. ~uantum 

Il'.echanics requires a rna theme.ticc.l tool h'hich '.'1111 Genarate 

VS.IU3S; anJ rill thus c; aole to ,le:::.l ','11 th 1,-lhat 1·1ar nau 

callej the 13.t3nt obsarvab1es of the ~licrosco~1c ·.lorl:i. 

Ti.ll s m thema ticdl tool 15 call~l a:;, operator. If an operator 

(a mathema.tical symbol directiYl5 an operation) is Biven, 

ther~ ar3 c0rt~in f~ction3 which lhen operatej on by the 

operator J1~li a constant multiple of tceir former selves. 

II - I 

"" 
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is the conatant. 16 .athem tics. thus, idlla infor tion 

ab0ut aur u~lva~33. Th13 1~11cata3 that c~rtain thin;s 

• .&>in natlJr~ Ci:il.n O'J ealt nith mathematically, l.l thay 

e nnot be cone alvei in physiecl terms • 

. ~isenberg as ",ole :1ave s~en ha' trouble co~fin:'n~ 

>imself t.o a.u~tare mathematical functions. In his sta.tement 

of the uncertainty r-ri'~clp13 the mO~lEmtum a~:l ~ogl tion 

of such thin~s aa a ~h1sical electron cannot be knor,n1 at 

the sa~_ time. Thoae ~ho employ the math3matic~1 theory 

see in the prob~o~lity associatei Nith the uncertainty 

"~ri!1ci'ple anDther manifeata. tion of the [:lei thema. tic~.l in nature. 

ra not ~robabil~tle3 math3mat~c~1 concepts? AS far as 

is in terms of 9rob~bl1itie3. ~uantum th~ory woull a9?ffi 

to !':lat3 manlatory the acce9tauce of ti.19se follo",ln o thl"'ea 

iieas, ani thus to jemani a place in reality for t~e math matical 

co~c~pts of 3tatistics a~i protability: 

(1)	 Trtere is simply no sati~factory way at all of 
picturln; the funjam~ntal ato~ic ~roc2s3;S of 
n~tur~ in terms of space ani time ani causality. 

(2)	 The ('ssult of <i~"'l ~xp3ri. _~t on an i<liivijual atomic 
particle generally cam10t 03 )rellct3i. Only a 
list of variou3 )ossib19 r-33ults 11&.Y 003 l::':"'lo~'m 

beforsiland. 

(5)	 :·!~vertn.~1-3s3, t::13 statistic::.l rasults of performing 
the same i ~iv ual ~x~eriment over ~ni over again 
an ,,2"1 rmous numb3r' of tl 33 '"jay be :)re:iict~j ",',i th 
virtual c~rta1nty.17 ­

10 
:'~i:1r~-3nau, p. 333. 

17 
Hoffrn3n, p. 181 
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Tha probablli ty '/aV33 are lascribej by th mathematical 

th30ry as h~vin3 ~hat Reich~ncach calls thins-character. 

Thus, the waves tn3~33lves ar~ t~e ultimat2 facts in natura. Io 

Tha m tb~matical th-aory nas be~n taken from it~ birth 

in Grecian tiille3 to its 9ucces~ in quantum pnysics, anj 

has thereby been given an historical j'3flni tion. The 

logical conseQu~nces of its basic jrem:se that the ultimate 

entity of natur:= is form have be:n ji3cussel anl broug'nt 

to liGht, ani the s~nse that ita ID3aning is still incomplete 

has tsen obtain~i from the histor1cal iefi~ition. 

sics ~3 09SC~ib~~ by th_ 

~at ematic~l Theory 

Th athematical t.eory r~~ent~ t e concepts us i 

in ._ sic.:> in a cn 'cteriatic rna, _r. A1thou' its co~cepts 

lo.ck the ii3crcte, 1:9fini te vali t'i of tnos~ of th phySic.::.l 

theory, tile perhaps mak_ up in co let9n2.33 what they lack 

in S8 of han-1in3. A typic~l 2xa pIs i3 th~ el~ctron 

e cribs by th m the atical th2ory. This "mo191" 

of th e1 ctron i.j bouni. up in ·,ICi.V:: a j ~_,robdbili ty c0':13Llaraticns. 

L. ~eBro~lia in 1524. Ha vcribej tn outcome of co 01 in~ 

t:13 th;:;ory of ~31"",tivlt:t ·...ith Fl~nk's q,uc:.r..tum 1je. The 

3n3r:y of a 3'! stem, accorji:1: to f'la~ck anj Bohr, -,:as reI t j, 

to the frequ~ncy by: 

18 

Reicbe~bqch, p. 22. 



(85)
 

In tni aqu ti n "~" i3 Ilanc~ls con3t~:lt. 

This 3t3P i9 ty;lcal of th~ rat1o~al mathern~tieal theory 

~s 2..n up a:n.i o·..m movement. Tn,; ...aye aecoY' in~ to the 

D-s-eau 

;:111 

e 

8e~ 

"'';'3 

th~ 

a

-<0 n t a k 

eha ically 

~_y othatio

;10-.7 thi3 ea-l­

~ainta1 ~ .1119 

.... l vi c;r tlon 

be vi3ualiz:=,i or 

ovin obse 

aa a -.lav rath_T' 

ho 

var 

than 

·

Ob.3-3:cver. "V" 13 equal to: 

V=£.~ 

'1 

. r3 lI V" 1.:i t' a ob3~rva!"s v31.:;citJ an 'Ie'l 1.5 tbs spee 

equation is 10 e 

h v:: 
~ 

~ "" 
~=rnc-

Fro th above equation3: 

~=.JV~J or ~=h­
" :,JV 

in l1y usln'} i::i3 -'ja.va le.n-t 1av ~ t a:'ncG'l =1, 
"V 

tnt 5 means that an leo roo of mass m has as 00 t ~ T~. th 

ita '.lav ~ len. th --.- . Gaul an e1::;etron b.3 a ;lave'i If tne 
_,-V 

19 
ar enau, p. 31,S. 
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~l_ctron ',·;:.r-e a 1 v ~ it ccu.1:l be .1iffr ct :1 an-i perh s 

polariza}. 

In our rovious ",cu ion of physic - 1 th 01"-' ';le 'f 

t at e13ctrons haj b33n liffract3j in an 9xp3riment by 

aviS50n a J Germer by a nickel cry~tal to SiV9 a liffraction 

patter~ si~~lar to t·_~ ;attern ;rciucei by X-r~ys. FrQ~ 

t1~ patt:~rn ilhicb i-las octalnei the ',,-ava lan~th3 of tna 

~l}ctrona coull ce co~put~l. Th_3e computationa we:ce in 

',_re:;fnent ',.;lith ieBro'-lie's for-mula. ::I:lectrons lere later 

J.iffracte by a }e:cma.n. name u~p. 3e us_ an c~tlcal 

-lli'frac tion . a ti~':; 0 Later ex~ eri;nants shm',f =i th3 pas :libil1 ty 

of pol~rlz1ng elactrons.-?-l ~lectrons, at this point, ha:1 

all t~e norwal attributas of a =ath~IDatical wave. 

£lac trons ·.le;r>~ :-:1V'3n another essential a th mat,ical 

1nterpretation by ~cr~oiin~er. They were 5iven a me nl 

in terma of the part they playai 1n ;:>chrojinger 1 9, theory 

of the atom. He finally i~v3loyei an electron that coulj 

b~ e:<pr~s33i in mathematical te~ms., an:l tha.t iii not tl jum~:;" 

froj'), or-bl t to orb1 t to proiuo a Ii ht -rhos3 ~·Ia.v:31:m:t'hs 

CGul i b us:;)l in m.aking up an energy level :liacr'am of the 

atom. ,:)chrbiincer I s el.3'ct.ron ",as a ffiG.thematlcal function. 

Hm,' coull i t ~ump7 JChl"o'-inger ~xpla.in::d the sp:3ctral lines 

a3 3vilenc~ of the be~ts in frequency, of what he c~lls 

the (pSl) essence. A fuller 11acusslon 1a requirel to 

rasp the chrcjin~3r conc9pt of the e~ectron. 

20
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~on~ of 1~s 10 1c n~r iii h~ explain how it ra~ in his 

;:::1n":. He s':':nply "r2L.11n ei h1s ~e;L..lers that a c~rtaln ':,'el1­

-nom [Da.t~i0ffi£:.t1ea.l proceS3 yl-=ljs series of numbers i·l:1.ieh 

mi t oe 1..;0_1 as qua~tum number3, abru tly '({rote 1m-Tn 

the w~ve .u tion now ~ow by his nama an~ proce~jej forth~ith 

to ex;:,r&.ct from 1 t a 'illa~nlfic:mt solution of the crucial 

hy:irot;en problem. 11-
?'l Let us try to se~ ho'," .:5chroiinser 

arriv_~ at his solution. Schrojinser want~l a 50c1 mathematical 

theory of the atom. He raalize..i that he ne3~ d. a mathematlcal 

tool i'/hieh ·.Ioul·i generate t!l<& qua~ltum numbers in a natural 

Tanner. The physic;:..l weaning 'las unimportant. ..'e ha'le 

seen in our iiacusslon of 0~er~tor8 that operators will 

senar~te valu~s which are pro)crtlonal to the functions 

u on ·"hieh they operat,3. ~ci:rb in 'ar eouli use t('~e mathe a.tieal 

tool, out he ne~jed more 1nsi t into the problem. A 

consl..ieratlon of the phano3snon of vibration is nealei to 

com.rehtni Sehroiinssr's lnsic ht. Vibration in a system 

f1xei at both enia takea plaC3 only in -:lhol~ numbers of 

se _nts. LikawiDe, a 3te~1 rin may vibrate in only whole 

nu bel" units. An e19ctro~t3 orbit arouni the nucl:u8 is 

at.: of rins. Th~ whol~ nu~ber units in wh:ch it vibrates 

are ,,·:ave len3ths, ch;;;..raeterlstie of the orbit (not to ba 

eonfus~ 1;/1"-. 
v 

electron" iumos 
~ ~ 

from on3 ortit to another). If t e leBroglle _~ve le~;ths 

21 
Hoffman, p. 110. 
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of the ~~V3a aceo_panying an 31~ctron in a Bohr orclt is 

c~lcul~t~j, the ~~ve13n5ths cone out just That they shoul~ 

- ';be if the orb1 t 1::. male up of "::b.ols 'fi~V ~ lenst~s. :Jchro ::.t in.:;.:er 

.3at" that the vibrator:, natL1r8 att:::'ibutei to crb1ts of tLe 

Bohr atom inlic~t~s t~a ua~ of a wav~ =quat10nA jave 

9quations hai been U3?j to 1~3crlbe otner Vibratory ;hanoID3non-­

also lille;·; that a rHO-ve equatlon if operatEd on proparly 1'1oul1 

sanera te valu2S ':h10h mi It be halpful in hi s theory of the 

atom. 

The orlginality of 5chrdiiussr's theory was that the 

"T::i.Ve aq,ua tion ~'la3 not a;>pliei to an or.ilnary vibratory 1tern. 

It -..:0.5 appl1ei to an .. eS-".8nce" f1lling space t-/hieh '.;a6 called. 

the \f eaS3nc e. ~'ilien 3chrodinger app11::d. h13 ~'la.yS eq l..a tion 

to the (essence, he 11.1 not 1 11~t21y solve the _y 0 n 

i'r _ .uenclas of the run,3s of tr-_~ Ea.lmier lailer J not the 

s. These iifferenc3s 

in fre~u3nci s ~3r3 t 

a. .3:2'~ctrUJil, an - n :1 to b~ i;;.ccountei for by any res90nsible 

ti.1~orj" of the atom. The spactr~1 l1n3.3 1n-ilcats e13ctron 

:umpa. If th 3 el~ctrons iii net jump how were th3Y rssponslble 

for ap~ctral l1nes? The oli electrons were :one. Hoffman 

sa.~·.s "th.=y hai been 3i.,,ra110·::ej up by th n w 11 8 sene a, a 

v1bra~t smear of electrons surround ins the nuc13us.~22 

.22 
Ibli., p. 116. 
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3chr8i1n33r still a1 to 3xplaln the spectr~l 11n_s wh1ch 

-..iere iiff~re;1c-~s in fre uency. H= iLl this by etilployln::::; the 

CCJ:~C _:Jt of the beat. l\ b=at in music shows up ;":nen toro 

ilffer9nt fr~ encies alternately cancel ani 1"31nforc~ one 

anoth r. ~c ~ilnsar'3 essence vibrates with freq~enci9s 

runss of t.e Ealm3r lajje1". The v~rioua 

beat fr3Quancies of the Balmer run: freQuencies tu~nei 

r3qu1r~j by sp3ctral ana ys15. Hia theory was a success 

anI th.:; el"=-ctron ';;as no lonser a i9fini te physlc.:il particle • 

.rh3n ::)chrO':iln:er cOillp19te.:J. :116 theory t e electron ~,:e.s 

....
8 arei. The eSS9"lce nas been inter~retei as !.In·:; ensity 

of the ::>i:iidar. 

~c!~ojlnger's lia~s brou . t problaIDs i2tO the athematical 

el~ctron t ory. 1:;.tro cel ~~ckets to oive 

is 31~~tron3 )osition, but th3 pacE-ets iii net stay 

t06ether. h 3zcon1 after an 3lectro~'s position ~as state1 

it iY s lost again bec' tl on3 couli not knO;,1 tne r.:otion 

a::1i 0 itlon at th sam t:Lr:.1e. For this rceason Bohr Se:.l'.! 

3cr-..rb ~ ing>er 1 3 ':Taves as ~rob~bility :iCJ.V?3. Its ~Jos1tion 

',:as kIlo n l·~ s an 1'335 ','7-11 6.S tiG3 1'l~~t on after 3tat1ns 

lt3 position. Its ;o51tion b~cam3 ra~i ly 6pr3alln~ 

pro bl1ity. 

::"n' r,·cc''';~"n"·.,.,..16 i ?s tha state an _l=:ctrcnvv ..&.-l,!.. ~VJ,. 

invo v"'s a::1 op 

ole discuss.i. It 1s iv n as follo',IS: 
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=ik 
t 

ls a "if re tial 0 _r tcr, i- ifies the st~t~ 

of t uation and k equals a eC~3t~nt.23 

Tht m thematical electron r:1.1 a-'lay 11"'Oill hY8_c~1 

c nc at ness iUd to 3chro1in-.=.3r I s ~·..or::::. In hi t{H~Or~, of 

th~ atom t~~ e13ctro beca a v::''crant SJ1e r surrcundi 

t:__ TIucl eu;; • .:::.4 3chr~od.in e~"'" s el 3C t~cn ae.n onl] be s~")o en 

4" ." J. to' L finitely if va i_ 3ist on phy ic~l t_r Sj lor ycnro inser 6 

electro is basically a athem tlcc::.l entity . ~3cri' _ b 

av Q.ua ion an i t' ~ e uation. 

athematical s;>ace-t· ae has coen _.r_ iously eus _.1: 

~o _ver, sine it r_ve~ls + 9 c:aract ristic fa in W ich 

a m~thematical t. or pres~ ts a co~c_ t use in uhyaics, 

-..i -..iill c as mat ematic~l spec -ti e in ietail. pac_­

tim as prese tei y ~inste n' theory h ~ a continuity 

c on --'eome rical character ' lcll mad.e it b ically a 

~~them tic~l concept. 

...It i outco o v. inv~ria~ce of 1- ws of nat e 

to... i 

accel_rat:on ffects are u~'forn) 

d.i t nc_ COy r~i D./ a bo ani square it o !Ie a.te t" _ 

<::f _ "='ct f' minu d.irection), tren Qubtro.ct fro t is nu .... 

the pee of Ii ht uarei i as th~ s uar_ of tne e.tion 

23 
ena , p. 35:::. 

2,+ 
__offman, ). 116. 
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r ~ir~- for t~e ooiy to ove, on . ill 0 t in n ~Sler 

tatem~nt is cl rified 

by ill thematic 1 e:u ~ion. The equation 1~ &5 fel O' 

e symbol "j ,2" 1.3 invariant. ~J, lz" symccls 

re r sent th.e chan e in spae ~ coord.inates bet" B. t 0 8V :mta. 

e speei of " t" is t' e 

r u_re1 to go _ r'om O' e ,::vGut to arlOt::-.,er. Tn? ~lements 

of th u tion _r'e :quarei in orisr' to o·vl·t~ the ambi-ulty 

0: si s. It j033 na~ matt r :T. t' frame an obGarver oeeu les j 

i'!' evsl"'J cs.se, if :I:l S 2tf ::5.6 a 9 ini te val e :'lhen r~ferr~:i 

to on9 fr~··e, it inta:ns the same val e ~Jhan r~f=rr i 

to anoth r fr 

T.hs inv::::.rianca of" "brings 3 methi - lute L"1to 

a ",lorl h r~ ven p oe nd t~ e c· anos -it th ooserver. 

ha- in Ein tain's th ory 

of t e X'l tS':1.ce of" .;;. CO!>!:.• on absolut 1;[ rl un:ie l.lin- ·t. e 

r~l~tlvity of )~Y31c~1 tim~ 
?~ 

T ls absoluten' apace.It-~ 

31t t" tttat ~in3te1.n :lideove·~.l las the ath atleal tid. II. 

"js" c n be de ...cri as tb~ S Uor3 of a iistance in 

a fcu~ dimension 1 continuum (time beln~ the fourth 'lmenslon). 

It ".13.2 calle the ~_n t~inian i'1ter'v~l. Ths i::-nrs.rianee 

of all measureme~t3 in th13 four iim~nslo!1a.l cC!ltinuum 

l~:l investi . tors to bsli ~v'~ t::.:,).t t~ ~::,"2 -.:&.s an ab olute 

valu~ to tlL cO'ltinuum its~lf. T:'1e eo~t.Lnuum la n it~ ~~ 

25 
i 111.bro, :9 • 195. 
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.­bet. e. t.IO of lt~ ...;ol:1ta couli b .:.p11t u.J into s c~ 

or 1nar s.cc can be s lit u~ 1 to e t~, bre'ith a 

aL>o in v::.r1ou3 ~ a cont':"nuum ..;as calle' 

~ t ".; s t'.8 aocetry of this nti ty brou t into be1ng 

by mathematical consi er~tion? BeC&U3a ~9 coul .~it~ th 

a u tion ~5cribL an ~1n3teinian l1tervdl in oriinary 

-Jucli • i n trills, ;e ar te pte to c 11 the 03',; spaca-tllJ9 

..wcll i10=.0; ho .;eV81" , fo~'" !' ::.a30:13 b-3fOni the SCO)8 of ti11 S 

pa er t e minus si~n .recs~i iniic,;.:.t9_ 

t:1.at t: c nti u is not qUi tv 3:ucl1:11an. It i,r<.:-a c""ll.=i 

1m 0",100&1 continuum ',,11th thre 

.osltlv uyatl 1 ~lmens1ons an tlme a~ an imaginary "i 9~slon. 

1m ha bean brou t i to c nsij~ration as 

a s_ ot in tha "our :1" ensiona1 CO~lt nuu. ~ point ln 3)(;;\.C 8­

t' <3 a Il~oint OJV til. prolonged. ev ~nt sue:: 

as an ob~3Ct occu)~in~ the sa e 3.ac in succassiv3 ln3t~ntB 

or :.Dv3ru1 .:ilffej,"3nt spac s in s'.,;.c.:es·~iV9 insts.:"lts ~rlll 

trace ut a uorl -lin o in spac -ti~'3. The ntity call~1 

s. c~-tlme brougnt i'ltO be n y mathematical i. sight, 

ie cri tion ls :asily iiscus ~ in mathe tical ter2s. 

26 
:1 I. b .. c, p • 195. 
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or this r5'&.3cn it hai:i a ei \.:3 in COJ.l r~h9__d.in- tl19 c:1.ars.cteristic 

ann~r in - ich tna oathematical t~eory ~re~3~ts th~ CO~C2ptg
 

~n n sics.
 

Th:r3 is .Jtill anot~er t_ecr.:;' of nature I _lch ~:r~sents
 

still a~othar 10:1cal vie~-l of natura. Thi3 theory i3 the 

ftil1ctio_ a theory. Its ras9ntatiol1 ",rill complate th3 :l-'3cr1ptiol1 

of the trJ.I'~~ basic ':l&~TS of try1n;'6 to comprehe:1j nature 

an.i . ,'111 51VG fuller meani to a.ll three theories. 

Aft~r 1.3cussh1S tile functional th2ory, ,15 may, ths-n, 

,roca~~ to lnv3stis~ta t wa~~er 

~re us31 1n inlivilual philc30)hi • 



fT:!...-i. I II 

.rt.n istorica.l ')-:::f1ni tlon of t ~~ Functional Theor~,r 

The functional th~()ry of D tura eonai 1"3 tn:; "event ll 

fln~' 

as it is usel i_ th~ functional thaory. For tba functional 

t~30ry it ~OaS not m a i ply ~ h p.e~l - The ':01".1 

,. v~ til has be n us~i in tbi3 .- ~Jer to jesi 

ho vV r in regarl t t. G funet onal theory II ~'l...;nt I st 

aan t .r_h~n ion of r-~ture. It i3 a~ ~~tity ~hleh has 

tel" lnitvhea 

o· 1~.1 loc~tlan as e h 11 :0 i~ this a~etion, 

t: a "3vent as follo'·J":: 

The term <.rsh~n 
essential unit 

ion) 
of an 

wa i.l
vvent, 

troiueei 
namel , 

to s1 -nif 
the event 

thv 
as 

OD_ a~t·t ,anj ot as a m re asse bla of arts 
or of in.r~ 1e ts. It 1s ~e ssary to un erstanj 
that spac -tim 1s nothing Iss t'_an a systa n f 
pullin~ to~ether of a seDbl _6 into unities. But 
the "/01".1 3V nt .. ust meaYlS ona of these s:;a.tlo-temporal 
u ti s.l 

iteheaj eontinu_ to in3 tha ev nt by sayin t~~t it 

is th3 bOosie 31~ment in our ' 01"1 of eognizanc3 anl that 

1 
.n.lfrel ol~th '.:hi tet13ai, .:lei:: .C8 an 1 the ::..;;.~~= 

('e-, _O!':~: Th= :.:ac13illan Co., 15-25), p--:-74~ 
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ai t~e~3 13 1n t~3 ~orll ~f our c03~izanc~, ~e ory of 

the p t, 1m e 1 cy of r_ liz tion, ani in11catl0 of things 

to COID_, th; 3vant ~a3 a ~a3t, a pr~3ent, anj a fut'r 

T'l heory st t~ t 

T - historic~l ~af1Ditlon of the f ctional theor! f D_tur3 

~:ill b~ somewhat less chronol:)3ical1y compl_ ta t an the 

l"';;vious t ..o;o iafinitions. Th3 functional t'L.)ry is net 

ti - clos IV to physical jxperiment; thsr3f ra no sln:1e 

i 3V :;10. ment in pr.y sic 2 cG.n r..:.iicCi.l1.v chang it. TaL, theory 

ev~10_8 only at infrequent ~i3toriC'1 interva13. !t usually 

ppeara .Th n a synt' _313 of mathem .tical theory 9.n5, ?hysic~l 

t_9 ry i3 nes e. Tne funct_Qnal theory usually lavelops 

chr nolo cally fter t phYG~cal theory ana mat em tical 

th_ory have a_. ar31 on t~2 3C3na ani have run into lifficulti~s. 

~ fu' ct~onal thacr7 inccr~or~t~3 beth ~atta~ anj for', but 

C0131i_r thes titi 5 ~s s~conj ry ttrib te of natu 

h_ nctional taeor first appeare1 i . istor . hen 

t e .::;k be a t tu mellein an sci~nce ~e~10v81J. 

he mathematical t eor' au. srae a t _ physical th ory, 

so th_ functional theory supers_ ej the math atlc~l theory. 

hl .... nou de ar_ prima~·l. co~cernai ~ith the th3crl_5 of 

tur a~ they f~=ct p:ySics, t~e funct onal t_~o~yls 

bistor' necassit t~a digr_ssion into me lei and b ology. 

r niem a chanical 

l~jsyste . Thl a ... to bel ::: h t :'ects in human 

orsanl ms er~ cause b is a -'hich caul c rei y 

puttin~ the _uman :;achin ac in or _1"') an not b :iiseasJs 

""~ic . er_ th_ inevitable rasult.s 0 a curse or of be. ... luctL 
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, there ra, jiract~ h~3 ilJc~91~s to lOok for causes 

of ;i1 and to 10 for a. .,)0351' Ie attern L'l t._ ro s 

of a jise ~ ~. ...ippocrates 'a imp esse y ~ obvious 

or anization of livl~ th ~ • h or ~iz tion th~t exists 

1:'1 l1 i:1 or an later ecam a :ill~ of he functlon~l 

theer Cr nlzation i~~ c as that a be is not 'ust 

a r u 0 m t rial articles, th~se .artic133 ar3 put 

tog t in a certain wa' , usually for a carta.:J.n p":.J1' 05~. 

~ t this ~='oint ~ristotl3 ;;:>1"oce9"'0::.'.1. toe buill t~8 super­

structura of th~ ~unc _on~~ tc~cry upo~ thJ oundatio s 

aii by ~lp ocrates. Aft~r t- e ty ~ 1"8 1~ rlato's ac demy, 

th m tics oi :hY~·C3. Aristotle, 

o'lev r, .a a 0_ ino to amine livin. t' lngs. ~"hen after 

O

'1 f rmal chooli f1', n returnei to the obse!'v- tions f 

liv~ or 'ani sm3, h ec m fasci t' by t._9' 111 ty of 

iv hings to en rate. hr st tIc soon baca ~ convine o_.i 

that eoer--tion was fundamenta in n ture. Thls m n that 

-'-h IIm_or\." rap say,' 

~s in vitablej the 

pri:1cipl~ ef bei~~J ~ni ith it th hysical ani athematical 

Aristotl~ became impres3si as ha Hippocrat_s w t. t~3 

or aniz. tioD of livi tni s. L1v n thin s see j tc 

exhibit a form 1 as ;~11 as physical 9xisteo.c3. But both 

form an matter c~nnot t~ ~s1c C JS9S. It 1s u3_le3s to 

2 
io~throp, p. 19. 
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introd ce a for a1 C~U33 unless a liv_n~ or aniSID ,x:ibits 

d form' hich [latepial causes cannot Y;r'oiuca. If a fcr,:!al 

cauae 13 n c~ssa.ry it chan~e8 t:l= iir'0ctlon of :I.,;)ticn of 

~: ysic(>.l ob' 3Ct..S ani 'c3COlrQ:")3 tha Cause. If' only an "'xt:=rnal 

fcrC3 'rill c.' net motion of mat _ ial _,CJ..!:.,ticl~s, t(:.e:1 

form creates rnatt r; they cannot e&.o:-_ c :" sa te the ot~~r. 

firlstotle note thl~J ani ther=>fcra iaci ej that matter 

ani ... or .. r9 s:.Jco':11ary to l'beco;L1ns~'. Bet::;. or[5anizc::.tion ani 
,,"'0

g;;n~ration are 33s3ntial~ the moj rn fu~ctional th30ry. 

ization com~ fro· th~ process of abstraction anI 

.",e:-;eGi.t:on Cu s fpo. the fact that th~ 'C';3.:11 is a ){·ocess. 

Fore and attar could lnt ract because they becam8 paaslva 

attributes. rlstotle r~gari~ naturJ as b~sically a process 

in which, ltit~ t·,;o r.la~Gr attritutes (form anl lilatt-ar) are 

t ea1za].II) 

The functional tb ory of natura 1n this Bta-~ of 

ta_ rea.l chan:es i ts )ro~drti93, futur:3 af? ~cts can.1'1ot b~ 

preilct~i u90n the b~sis of a knowlei~e of the p~e8_nto 

Fi 1al a.s ';:911 a.s past a.11 present cenlitiO~B lIlU3t be kno 

if on~ is to pr~iict. This 13 the pr1nc!)1~ of teleclc~y. 

'fel ~olo y is b Sica11y a ' rf~/ of 6x[)1s.ir:in:;. 'ITh! s t~lpe of 

I;xplanation is that 11'1 '..r:ncn the I ~lb.y?' qUdstion about a 

p~rtlcular evant or ~ctivit; is ana, ered by s_ ~cify1ng a 

.5 
Ib-\.1. J p. 20. 
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5021.1 or end. towards t. 9 a tta nmant of \'lhich t. eV~:l t orJ 

acti it is a me ns."l~ 

nothJr outc:~a cf Aristct13's wo~k, which is a part 

of 3.11 fun.ction~l tn:?orie3, is t1.at b-ecau s natur is :;s33ntiall~r 

a dyna~ic unit, a e up of ins ,ar Ie attributes t' a analysis 

of physics or of otbar 3clenc~s always 1 valves an 313~~nt 

of oversi plific~tion an falsification. It is impossible, 

the!" fore, to 9CtS8 f'rom observation to a ,1.01"3 r'~ 1 '.:or-ll. 

The real wor11 is in th~ obs3rvation. T13 observer ~ust 

rticular vie· of nature. 

'3 on y 'Ila:l of ':attin; nearer' to a.n unjerstan11n of the'. 
totality of natura 13 to ccnc~nt~ata 0 on~ aspect ani to 

know t is a.spect in ~~tai1. By knowin~ one 3ct of n~tura 

in etail an appreciation of the unity from ,hich it oom~s 

.aj be experi ncei. This is nO'Nn ~s the ~3tho' of acstraction 

a. is the fundamental vice use in inveatiZCition of 

natur in th~ functional theory. 

Tilts tneoryiiff'ars from the rn.... thematlcal t cry in 

thJ importance ~ttach31 to 3ehsatlon. The m thematical 

th ory aajs th~t the real ay be SU3~S5t3i by but 15 not 

given in sensation. Functional theory holi~ tbat the 

c~t~ ri]o of 301 nca are but· bstractlons froQ ob3erved 

TI3.ture ani that th ',...-or-li of sensation gives real i<:no Ia geo 

ol~fter the jclin3 of seie'''lCe·I:'1ich occurai in th
 

d 1_ ~S aa a r~3~lt of ~n over~mpha8is on t~e rational
 

,+ 
Braithdaite, pp. j~2-j23. 
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a.~:: t:--~'"' ther' ".·:or1lly, the f ctional t .. ~ r ~.; brought 

a ain to ;romin nce by ho s u nas. ~e shlftal t~3 

th~oloSY of t~3 athelic Church fro _1 tcn13m to ~ristot211~~1am. 

T~is 3~lft ·as partly r~s;on31t1a for th3 r~birtn cf 3ci~~ce 

b =:c e it _ hasiz ~j t'na. t D;::" t";,;ra r.raa i:nportant in 1t3e1f • 

T~e at 3m tical theer hal 333n n~tur3 as a 3~con~ary 

sourC3 of o lelge a:::.out the unlv3~.3e. A functional theory, 

~a 1 n~v~ seen, em hasizes the fact that observat~on of 

at~r8 ~11l ~lve real nowl e. functional th30ry 

rei~ 81 in ~13stern thou t fro~ t~e 4 1rt~3nth to th3 s~v3nteenth 

C :):1tury. 

~~li13o nj e~ton iepartg1 fro~ the funct_onal theory 

anj ',re. t ck to the phY31.c<::.1 theory ';;i1ich '91"ovi19.1 a ore 

stabl~ basic 3nti ty. It 1a i~Lfficu1t to carr'·' out 3xp3riments 

an' to formu1::-.t 1a.:::s if tel: OC~3ct of th3 ex;.a.rlm::lt as 

part of reo..ll ty 13 contlnuELl1y c~ n ins. Cn:3 .ieaknes3 of 

tha funct~ona1 theory at3 a -,';art,ins thee y i a that one -',rho 

accepts thi.3 theory must al lays be a:xar3 of chang~--nQt ':;U3t 

chan e of the variabl~a tn~t e Nisb38 to change but chan~e 

of :verY part of his expe~Lment. T~3 r3a1 1a cha~~in in 

t._~ functional theory. OU9 ~uat aS3U~3 that certain v&riablQ~ 

C::in b a fixe1 baf"or'~ :13 Ci:l.n hc..ve f&.i th in ::1 a -~xperlment. 

T~ls is on~ r_asonthat ~anJ ~orl lng sci .tists have 

~i atorical1y sClIEmaj the :'.;_'1ctiona1 thiLry. It i a unsatl sf'ying 

an Q~frui u1 as a t~=ory for toe 1Qbor~tory. This 1s 

yrobably one r agon w~y }ulilao ani Ne~~on acceptai tee 

physical t~eory. Tha phyalcal tn_ory al1o~s one to fix 

vari las, to c~rry out contro11ai GX98rim~nts, ani to 



(100)
 

for ul:.-t3 causal la.ls ';ith as::> ranc: of 53tt1ng n~ar~!' tile 

r3al. ~ Iton hai a fc;i.i th in th~ _reiicting pO.:er of 1e..'8 

tr..:b. t '.;ouli have b~ imposs b19 i h3 _ j acce~t3J t~9 

tr~tlful if h~ a1mits that tha real changes; but this attituje 

t·.. rts a. 1.3 orier- 1m. osin , la.'d- a '"in irive. Ther ~f' orB 

h~ uust act as thou c~rtain aSp3cts of the re 1 remain 

con tant if his 0..ction ani la,\:-ill& :1n is to . va me nin • 

Thera i~ a long h15torical span before the functional 

theory rsturns in full forc8 tc play a. c9~tr(;il part 1n 

.hysic3. Of course, thi3 t~eory ','!as ahlays in the minja 

of inv ti ators J n1 it aervel 3.3 an aij t~rouohout 

t e centuries hen vel'" men fac_i a iilemma b3c&u~3 of th9 

i ie liaci s of oth~r t eari::;3 e :;9, ho:.;-:;ver, l.\'il1 examine 

th unctional theory's proGr3sa i~ this century b~caua3 

thi er as a:l neN ili~anln to it. The mSCDa~lcal theory 

rO~3 an f 11. ~l ct~oillacn3tic :'I&V35 were iJo3tulat:::l a 

carve to xplain an; )henomena. Th9 hySical t eory ani 

th3 B~th m' tiCal t _Dry ~lternately S8eme to be t e correct 

the-ory of nature in t ~ c ...mturi s bet"·'9sn Galileo ani 

£<t stein. 

Beca se of ilfficulti~s t.at are ext~n3ions of tn~ 

s:meri.J.. th30rr of ral:::.. tivi r.J, llf:-ei Xorth ·..:hi taheai, 

th note t nti :th c~_tury ~ath9m~tici n an ~hilo30pher, 

"as 13 to a functional tn_ory of n~tur9. 

t"_3 fu "lct';"onal thacr greatly a to its meanin3. As 

~le ~~V3 ii.scover3i, the reI lvity theor in physical terms 

atat~.s U";ut matter con i tions etrics ani ravi tational 
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.:xtantiala. If bit:3 of matter J3teru.ine t~la metrlc~ ar'oun1 

th • th~n ~ sure oot of long di3t nces. through ilff3rent 

m tric;:,. ',fOul be 1m 053ibl;:;. ..:acrosco 1c unity becomes 

ilff cult to 3x.plain. "hltehe a~w tnat me surem~nts of 

.::;r-=at ...J.::"3tcl.11CeS ':ie!'"::',ln.i;Li. 90s5101e, for maru,.::> urements 

b~en maje of ~1 tance bet ee our plan~t ani othe~ 

he vanly b le, anj ~e -9clje t t the ;hJsic~l th ory 

s not a.iaquata. 1 i. Hork g v~ furt1er 

functional theory. He Jecij~ that tiLe ~rincip13 rf c3conlns 

i fun am t 1 in nrtur_ as jij ~~i3totle. In the articu~ar 

C~S9 of the relativ·t theory, he sa~ th ne- ~or spac~-

t m rel~te n as ' hic' not con11tio y matter. 

_teheaj ace ptei th function 1 theory l1ea t~at 

nature is a va text . ~ive ~rocos8. bstr ctlon -as f r 

"hite ea th met oj n must '8 to erive 3C1.:;1t:.-fic 

c nce t In connection ith a i1 c ~lon n s~ace . n 1m 

says: 

t 1s har 1y mar than a parion b1 exa er tl0 to 
say th r th etermlnatlon 0 th_ eanl of nat re 
re1uces its If ~rlnclpal1y to th_ iscus 10 f e 
character 0 t~me a the c· ar eter of space . . • 
I 8P~11 enjeavou to ShOI th t tney are abstr etions 
from more co crete e1 m nts of n~ture name y, fro vent. 5 

ne e nfer from thi uotatio th • with ,oThl t-eh_aj I s 

.wor" , t~ '" function 1 t eory h j ev~ o~ j to a oint h r~ 

it coul.:l e or b specific conc",_ ts n nature (s;Jace n time) 

in its 0 •. t~rm . h_ irs abatr etion th6.t .e must a .e 

1 re orth oIniteb~al, The Concept of ~at~~~ 

(C _.b iJ n1v ra1ty re s, 19-~), p. 33. 
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" our tta t to transfor our i -""e li:l.t ly ensei kno,:le-i 

f nature into pe lflc, commun cable concepts, accor-lng 

sig iiff rent :;:;art of h assII 

-f n e'to lff" ent ts by m_ans of he reI tion 

of Bi ultaneity. "e continue to ap.l this rocess of 

ab trac 1 u til w_ h v finit_ co c_ ts th t can b 

"...a i late n-i communic~tej cut th~t ... f r fr' t 

Bens i r ~lity. 

e have 0 'erv 1 tL t relat V2 31 ultan31ty as s eo 

y :i~steln epenjs n th r lativity f tim. itehe 

sj its the 91 tlvity f simulta eit , and the efor3 the 

relativ_ty of til:!!. ":0 :ever, hls reI tivlt of time':3 ~1Ct 

iue to the slo' i.g do r s eejing up of rhyth~_ 

...it iu_ r ther t t e f~et that na ~re 9 so complex u 

on_ c'nnot be re that the ._art':! of t' II assa e of :'li:l.t all 

sam'9 "a ~ , t ~ t· a Q im 

syatem. ReI tiv ty, for fult_hea', is . to the e mpl xity 

of ~ t re an" not to a J_Y leal roceS3. 

rce unler" It :e~ils f ct~onal theor- ha me nln 

only in a i 1J n tL.e sy 3te~. ince time is r_ 3tiv~ 

n i ce s. ac sy t c..re conn_ctej -.' tb. tim ay t , 
a~ac __ 5 r~l~t:v~. 3i~ce the st~ ctur_ of sp' ee 1s can t~~t 

an ~lform for a ~lV3~ ti~ ystem, 

for 10 11stanccs i J .:.ole l ibl • 

tL -, obaer-v: f et that Ion l_stanc measurements can 

aJ.e t:.ceura tel_. But s: orthrop says t ItT _ rea er u t 

_c,ie heth r a octrl _ ~ich l.c s th 30uree of relativity 
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an intrinsic aob :uit in natur '3 a ge an' wh ch 

rovl3. founjation _or acient:f1c finiing • ~I j 

nit neaj _V~ 0 e the nctional theory far ,or 

full1/ t' n thia )l'"':o9ntatlon ~·_o I , ho :sv3r, t'nis...L cus.,;ion 

ha 3erv.;i to pl(;.l,c a :ihi tah a in t~1a hl.::.tory Gf th f ctlonal 

t eory. -'1 ev lcpm3nt o~ tn8 u ctional t~eory is 01 ely 

co 9C:= I th his own phil030f)·'.Y, therefcre e shall 

iacuss '{h1 tehead. f'~r t'ler h_D W i1scuss vo.rious in - i v::' iual 

p 110sop .13 • 

uantum mech nic rec nt or; 

particles av oun .lace for the fu.ctional theory, 

"uut it is a. much :iebate position. The fu~cc._onal thaory 

evertheless, aine aiiei s ificar-ce :r m its contact 

,lit uant m theory. H's nber~'s _rlnci~le of lni terminlsm 

brin t~9 conc~pt of pot3nti~lity into hy ies. This 

ani chan 1n an-' not jU st our ;:no','11ed.ge of the r 9<...1. The 

el..~ctron at a iven ln5ti:l.nt is unl1. e the el_ctron of ana 

sac n 1 t r, hOlsvar, ths electron of & civen ln3t~nt 

points out t;'--c.i.t Qua~tl,;m ~::ec:::-'~nic.3 ani rec 9.1t i-.'ork '.:i th 

high ner y _articl~s 10 ~rln .otentiallty back into 

sics. The f~ct th~t t~i3 b ok 1s so r~cent injie tes 

, 
o 

rt'::rop, p. 117. 
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i:: t" 9 ni et'Jan-t ntis3, haa tLou ht a e;rso.t .1 31 3.,-'cut 

his matter an haa jeciiei th t th funcV,cna.1 theory ~e.s 

a raal pl~c3 in r~c3Dt phys~cs.7 

hieh we hay c-llej th3 ;r_nc~;l_ of ·~~co~in3. He interprets 

p~lenomen Cl.rCu~1:l _. 1s formed err tter. .·.a.tt~r 1.3 not a 

r7>ality but o~11y Ci. _os.3ib~lity &.. lI:pot~ntia".5 ,lith tbis 

quantum tory all th~ c:as3ical co~c: ta ara ecr~2lat2i 

'il tb st· ti stlcal vx~=cta.tions \.,rhen 8.ppli ~j tc an ;. tom. 

He urt er stat~8 toat only in rare caS8a Gay the exp~ctations 

becoms th9 e uival ~t of certai~ty. Th3 expectations involvel 

&r8 not ob:Jctive, but t~9re eXiata an ob;ective poss:bility 

els~nbr makes an intJ~93tin3 point i~ f vor of th3 val:lity 

of tbe functional theory an : ts " l : otentis." ¥ h n ap_ l1~:l 

to quantum mecha ics by sayin..., t,a.t the la.n ua actually 

e by physicists an ,:)_ea"in bout -tcmic events produc~ 

1 _ t lr mini notion3 similar to th2 iiea of ',Potentia". 

h .31dctro::. orbit is not I:'.: rea-lit] but a 1'90tantia". 

Tn3 fu:.!'J.ctional the'roy str ~SS9a b~comin anJ. t£~e event g,S 

funiamental in ~atur~. ~ei enb 1"g 1_ en spe king of quantum 

;i.3chan_c 8 S ~aks of' potentia.li ty, on form of bScci,linr- J 

7 
:e n_r Hei ssnb~r~, .?~ws~ c s a.ni :hilo 30Dhy ( e 'f ~crb:: 

.-ar ar &: ,rothe1"s, lS'S8), 9. 4. 

8
 
I b iJ ., ~ • 1l~7 •
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a3 b~in funiamBntal. Tb-a f ~ctio~al theory because of t e 

p rt it plays in ~ua~tum mechanic3 has a full~r meanln3. 

Th~ usa of tha functional theory in ":or':-: w th 1 h 

ener y pa~ticl~s ia illuatr~t by Heisenberg in Fhvsics 

ani fhl10soohy. rl3 ~alates tu9 manner in which b_3ic forms 

of [Hutt=r' otb.3r' t~ _ ti1a 31Gct~cn, e.g. t:-~G proton a.ni thd 

n utron, can be cr3a.tai and ie3troYQj by c03mlc rail~t1ons 

. - aan j I by aCC9.1..Jri::.l.t,ors ...... Th3S~ 3xp~riri:l~:lts S::~O'''; t _ mutability 

of tt3r. ~t high ener5iz~ ~articles can ~e annihilat31 

into en_rgy or cre~t9i fro3 a~er5Y. ~att3r 1s ~otantia.lly 

eners] ani ener-y 1s potentially matter. Heis3nb~rg .oints 

out th~t thia situation ie o~str~tas l~i3totlels Id~a of 

ener i b3CO ing rr:atter. The real universe 1:5, t:-~er-3fOr8, 

~e1S3nb9rs contributel an important ontolo51c~1 point 

·hdn hd r3in3tat3~ the concept of potentiality in phySics. 

By loi thiS, he enia5 j;lnateln 1 s ilea. that IIJool ioes not 

pIa}' :Hce. 1I That 13, he l:mi_s th<=..t nature is an icomplet'a 

unc~ansin object ~hlch is obscurel only by the epistemoloGical 

limi t of the fi::11 ta human "·lni. 

proba i1iti.3s. 

Tl~ histcric~l 1efi It:on of tn~ fu~ct:onal t- e ry 

C>.., 
1bil. I p. 159. 

10 
IblL, p. 160. 
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t hi~tQrical jefi it:on3 cf tn= _hySic~l an mathematical 

theory. This treat nt h~s also co~tain~j mor in lviiu 1 

le' than the ot:.er LTO tr3c.ctments. It has, nO:':",ve::,, 

ena lei us to 3~e t~~ functio~al theory in its Oot meaning ul 

li,3>'1.t. .:e hav3 333n t~e functic~al theor,Y as a. tneory that 

app ars on the scene aft~r a :raat strlja in physics has 

taken place, anl t t ::x:;lains t _~ f':1r-reachin meanine; 

of th strila. This :1V33 tne tru3dt t teIDent of the functional 

t~:;ory. 

3 3cl 1c Conc~pt9 in fhJslcs as D~ c1"1021 by the
 

Functio~al T~eory
 

Th2 functi·onal theorJ of naturJ throu3i! its 1 t I' retar 

.1.. ~!. -.. hiteheal aimlts tne r3l:;..tl,rltjf of al:rultai1eity but 

o s not sical 3;. ti ties 

as 1i1 ~instei. ~instein uses _ sical motion or propa tion 

to i fine th~ si~ultalelty of 3_~tlally 3 parat~i event ; 

he .iefines lmul tane:' ty in )h~7gical t ~rms. 

~it~he 's functional t eory fin~ 8imu~tanelty 

lif ar~ntly ma nly bec a it states that "there is a 

1m ejl~t~ly giv~n fciot ~f 3i'ultane ty not ~erely for 

spati~lly co=xi tent 3vents but for t~3 13 of 'lizcern~j 

• c,;>·r·~'b' ",' n .... -. r·'" 1·11an .L:::J '"'_........ It ....... """. 3i~ultanelty is, thus, f1n::.i
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n t rm of tb~ imme.ii&tely given • s ,hitaheaj says, 

.. unity of t'i enerml pr sent fact i ex ~ess_j the 

oc-~c .:pt of 031 ul tan ty. The ..:;en._r21 fa.ct i:3 th~ lhole 

81 ult _ous occurenC9 0 nature ~hich is no or 86n38-­
- ?

a,arene53. 11 
-- T:'li3 i f 8i ultanaity can be ~e~nin' ul 

only if n accepts t' a unctional theory iisa t. t the 

b sic co cs.. t in ph SiC5 is th_ ev_nt. II·O.llI ill 9t hav::; a 

.i fin t~ meaning. ".0" i·:oul.i have to be the ev:nt th t 

incluje a snap-shot of all nature in n instant. It joe, 

perh P , aee iifficult to 'n erstan- a jeflnite p ysloal 

conce~t such - 81 ult eity in term of an 1ntui iv ly 

tv n " O
., II , hO.lev_r t:'· g i.3 a necessary can equence of the 

firot premia of he fun tional th ory. 

fro til f' ct that th 1I_~a ,a e of nature'l i too ambl uous 

t insure t t the lotu'" t ely ,-1 ~.r an 31 _ul tansi ty for the 

rhole of n ture ~~ th~ same for ~ll ct ervers. In ~insteln' 

~i cuss on of 1 ulta~eit ~e .aN that relativity of slmultan tty 

arc 38 fro p': ",ical circumstance an not fro "' th_u the 

ob erv r. ~lnsteln's r~l~tive 81 ultan~ity in phys c 1 

terms ",',-,-8 • e on the con tant pe i of' 11­ t a!:i t e 

the hole f . h comp ~X II a sa e of nature". For the 

12 
. ni tehea. 
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functiO:lal t:'bOr:r II siLWultanei tor i a .,;.~ ··jl timate fa to 1:::l 

It13n ture, imm iiat or ens -a':aren_ 

T::1 -, co~_~i u:; pr_sent tion of t::-J.e e' rac teri t· c :'unctional 

th or i_3cription of a conce use" in ny 1C3 reveals the 

et~] 9 interpr _tatio 

o £'1 ht or ./ron...: iefini tl B th t:~ p s cal 

tneo - an h_ funct'onal th ory lop their conce ts of 

simult ~eity in a 1 eal .!lani'l_r anj, both a mi t the rela. tlvi ty 

of si ultaneity. The iiff rene lies i th~ f:.....ct that t ey 

start ro a i fer_nt point of v:" e matt~r nj otion 

fun:iam ntal in n::tur~ r :is the ev nt fun:iam .... ta.l? T'is 

...uestion c n b:> p t i to t bac,~ 0 n , ho' sv r lJ e .i v 10 Dant-
o a ati fyin in iv_iua1 _hilo.::>o_hy r9~ulr3a an ana';er to 

~<f"4 
thia question. It 10 s ma-e a iif~er_ne9 in conclusion as 

anotner conc·apt in p_ ~ s:cs hieh t~-_2 unct:. nal theory 

The nc ional theory -,:oul- not t all trouble oJ tha 

ave-particle contro ersy. L. 'JBro lie's statement concerning 

the ~os3icilltJ of aasociatin a dav th ~n electron i2 

ntirely comp tibl~ , ith t~e ~unc~ional theory. T~ls t~eory 

·.lGl.3 a 10 c 1 eX_lanation: ths'J v_-li ':i c('.~r&..cte~ of a 

ci t of matter--t,he elactco:n. The functional theory se·;s 

tha V3 . ct a i th3 ;artlcla asp~ct as t~o manif t tons 

of tha sa _ a~tity. fartial, se~ming1 co~trailctory, 

13 
Ibi_., 9. 56. 
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V:"~;lci of natur2 ar a naturo.l oons?.\]:;!!c:= clf the fu. ctional 

theory I s ilea tna t the r 3:...1 13 t'·:: :::!.c1_ of Dc... tur:.- :-. t a!l 

:n t - t ~ __ l t::a. t "Ie: ca~ only :a.in fra man~ 5 of in ight. 

3X ~.:~ to..; - _ tn hol f n a, on- ,u t b~ sat sf et. 

-. i t b a. ._ r i L.:.l s i h t 

J'.,;tho of ettlng nerr r to <:in unta~5tJ.niins-',f n&..ttH"' b 

CO.1:: ntro:.i.ticn on a art"icul!' part anj k ',11:1'::; it in ',otQ.il-­

t. t is ls m3t~oi cf ' ~ractiol Joul apply to the 31actron. 

':n3 ca ct ~x.:.:.ect tc vi::",-; the -'f .01:; 3L.. ctron in an natant. 

th a ?~rtial vi3w at a art~cular 

time. In on~ station the Jl_~tron 1111 app9~~ a~ a 

",Jav,;; 2.ni n n t::er it ",1i11 app-aar a'3 a ~=-I'ticl9. 

Th3 electron of t~3 function~l th~ory of natur3 1s 

_~ot,3r.tl:=a.lly a 1.·;~V'=, or a p...:..rticls, or ene~-";r • .:>1.1C9 t~ e 

rd~l is chan i15, th~ _l:ctron of t~ia in3tant ~hlch 1s 

makin" a spot cn a ~lnc Bul:i~3 acree~ ani actin: :1 e a 

articls ay in another L -t nt b_ di racteJ. a. 

·tra3seJ ia3 ~re8t b~ar ng n t~3 fu~ct~onal t~90ryla concept 

of atter in ~en:3~al ani elS'ctrcns in p rtic:llE.!'. .i;xC·3)t 

for th ir :r~at9r 3tability, e1~ctronq co~liJ if t~9 functional 

t eory's vi- ccrr~ct, be. 

:ust ag have ta~ 3illalle~ less stable partic13s. T~ is, of 

cOU~5e, na net c2e~ o~e. CTIe protlem conn~ctei . th the 

funct~on~l t~3cr~ 's 913ct~on is that the charge on an el~ctr~n 

::...:>, to t:J.~ b of our owlej,ge, a CO~3ta:lt. If t' i 5 re~l 
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tn~or'Y e.-~la1n the __ G.r;:mtly Ca!13t:...nt c:-~<..:.r~3. It s ems 

that II C O!l3ta.nt. 5" must be regal" ~j 1n the a '3 manner thc:..t 
.obj cts er 1"3 rigj by .. 1t·3LleEd. T:"'a.t is a "const ttl 

4.... .:>- sometliin th a ".,ea.rs unchan8~ i .iiffer3~t _vents.'" 
v _rything . rouni the tI con6ta!lt: l 

chan The entire picture chan 8 even thourrh the a e 

ietail appear3 in aach 3uccasslva 'ictur'e. The entir electron 

chang s a~l:l the II con3tant'l i3 in a. liffel'ent, context ea.ch 

tim W 53d it. In thi3 mann3!' i.i!1 ~volvlng ri3<=.lity 1.3 compatible 

It.h th;:) axi3tanc3 of a "ccnsta.ntll, ani the- electron of t~·; 

functional tr._ory c~n 0 cally xist as a chan in~ ent'ty 

~':ith a " c\.nsta.·lt" f~ tilre. 

The electron of th_ f notional t~eory is potenti~lly 

ener~y, ani it 13 potentially 1n various )ositlon ani 

I ' 



PART II
 

INDIVIDUAL PHILOSOPHIES 

OF 

PHYSICS 



y, t:ir' 8.1:1., 'aV:3 ~13 one to such r'Cc..:..t len th3 to 

jescr~b~ t ~ varlou= . a J s 0: ~lie·...ln nature? .U'a net the e 

t. ecrlea of nature rr:3r3I~- toel:::> ~-rhlch ar~ usei by tno3e 

.lho ii3h to for 1 a )hil030)h~f? T:'1.e a:l3~ler to thGse questions 

is th3.t ona !!lU3t reall)' unler.3tanl the po lbls -.lay of 

100 in t n<itura befcr~ h.e can a r~cl~te hmi ot~er3 have 

:h11osop~lze about n~tura or bafore ~a C3.~ phl1030.hlze 

fer himself. 

Ehl1080?h1~~ ar3 so t19 to iniiv~iual rn9n th~t they 

can nGv~r be unj~r3tocl as a roup. The number anl t~3 

sUb~ectlve natura of phl1830)h12s of physics ma e any 9 nthesi~ 

of t~e~ a :ooro3i effort. An approach to unierstaniin3 

philosophl~s of natur~ 16 to try to 3~3 ob~aetively t~a 

i . eas an5. 3vi_snce -,:hlen every lnl1vLi.ual ha.::> tl t h13 i15posal. 

Thls is the re 90n fer tbe prge~lin~ ietal1~~ d13eusslon 

of theories of natIJrs-. but no ln3truetiv3 or evan L.ter~ t no;) 

purpose is servei in 11 stin;:;; :mil-a3.) facts a:d laf1n1 tons. 

F~~ts ani jefin t_ons must be abscrbai ~ lnllv uals, 

eolcr3i -'lith subj,jctlvity, s~7':1t2eslz}i, humanizei, an 

9res~mta..i.. cl.3 a philc:3o)hy b3for.~ th9Y 3tlmulata ji cU3310n 

ani beco!~e a vit;;.l part of t 9 11.1iVl ual lntel13ct. Thls 

i~ the rS&30n for t~9 follo'inS pr~39nt~t1ons of lnjiv~lual 
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philo30phies of n t~r~. 



C p~ V 

.,'?; shall be· i our survey of iniivi ·ual hilo.:>o s 

by lise in as ~cts philo~oy i s c~ ou.r 

coatem.orar' , ,,-ar anau. He-:1.r l argenau ~n The No.ture 

of P. Y leal rt~c..l~ t,,' _Jay tribut3 to th ~ hySi~:::"l theory of 

natur~ bj 5t sasins the mporta~c~ of empiric~l evilence 

e Iso 

reeo iz 5 tiL 1 ortance of r iona1 l"'~ tlonsh P \l. ch 

the m themat c~l t~30ry of natw"'e str~s 33. 

arG~nau form h_ hila-op y of n tur~ in t~ e p CC-=33-
0-:: e rching for mean n f physical re l~i t~; . He fin 

itha t11.j to~:l c~-ll 'It - rJal ll as a - C9i..,-,t 11 ather va u 

,~ -... ,.,aanln s ttae e1 to it. -,&. := say "An ap. 1. isal of th
 

ean n,-, r-alit as t' e -'iord i ... co - only unlerstoo'" ,
 

~3a lnla ini te '.fOri3 a. e not a i fyL - to the acl~ntlfic 

,in:}; t' refore, !" e au bins h13 s arc:. in ea ­

invest'atin", y ......c'ence h s off t rea 'ty. 

1 
.ar..:e .au. .p. 10. 
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r_~l "1tho t ~1 n: a meanin of ~bysical 1"9 Ii 

function it, 0 "lay. It coll~ct i ta _1 it d.evelops 

t~eoretic 1 57 tem. Ther~ 1s a t nd.enc for' ~vance ~cienc2 

to for theor 

of the ~pist~molo= of theo at·c 1 ~Ci5_ ca . ill a is 

earch for a meaninc of phySic~l r~ality. 1'1 th curse 

_ysics evolv .... s. 

The xami a tion be ins .Ii th these u stions. I';. at 

is it:! eii t ly our s n e tc 

report t _e r~ I :lo~lj?" II., e ph .:.c 1 o' jects, ,'. _ch ..;_ 

sen e, a3 basi s. th~ phys.:.c 1 theory ',"oull h v S be11~ve,1I 

"Is there a eel' in valii't i infor~at1on iven us b 

our senses?1I an ".:hat eani '- can be attachei to the con pt 

of primaI' n :Lconiary qua i ties, Tbich su.:>:estes that 

erh p 0 ~ nses cake us '-1va the e6.1 .. a _ f 1 

In the curse of a 3\' er1n.:; . s question ~:a~5enau 

j - cusses t'.8 me nin of tne brea -iown of class_cal c' a. ':'c 

anj t~e v lue a the uantu. theory fo 0 int rpreta:ion 

. f the ~lOrL•• "'lassie I physic i1 not 

corr ctly i1..,CUS3 t' _m eli t 1/ v':'ven be . 'se _t fa. 1_ 

u~ i::1c_u:t~ he ob e::,'ver. It separatei t:.-v sp~ctato' from 

_C3 of ~efinit on 

b subst~tutin pro' bi i iey for reception; ut 't brou t 

t.~ BP~ t tor . , c .. into the 1 ,e -iat_l ..:: van. :'..<3•• "'enau 

lately" t b~ sou~ht dithin 

ex. ~H"_e Ce ani i n t containei ':"n an bst::."' ct '"101"' b yon 

.':'3 .101"11. In this are h jra. not nl fro th . Jeic I 

t:.eory, but also from fu-1'1c'" ional, ir lc. emphasizes th 
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a, 

~ll 'nelusive e ~nt as being the asic nt~t natur~. 

pe :'ence, i tb fo' of imme lat~ exp rien e an sense 

~ ~ shoo, OT -. r e~ u, "-u be t e t rminu or- cO,-,n1 'ion._Cl 
~ 

0"' v"·....~- , ga au co~t nu"'"s, one ."oul.i not reac~'! a 

.4='. ilo.,oph:"ca oint OJ. v i be merely collect sense 

j tao 1 ta u~t point to ometh:"n ore me nin'" ul. 

~ar ~nau not s that th e;1 t~molo~y uf th oretical sci nc 

incl e a -lay t t fr m ex_erie~c3 tc CGnce ts, W lch 

l' e conc pts wh ch 

embody nj correlat~ en ata ar c3.11.:)1. "co truct II 

.l~ce t" _= mat:le ~cal theo y plays n 

..1.10so h R3call that "e matbe at:cal t eory 

9t~t3 tnat tb re 1 i r tional. ~_erienc3, in b co ir~ 

complet_ a.1 inte:::r ei, moves from t" e sensor a.~ ... pontaneou~ 

to th~ r'tion 1 an reflective. 

::-'ul_ of corre.3Jon1ence - .... iifficult tc lascl.... i be.
 

hey re not trd. -':;:ie 1i '~eetio s u~lic 1 tell on jU t bo·.l to
 
, t _
_t from one ;>lace to anothe are not n_C-3SSal"".rn' w 

of 10 le. Tn re step-by-ste. roc~s~ ',u:"ch enable 

on to;a 5 fro s~ns~ lat o constructs. 

Tb", rul 3 of cor.'as ond-ence, are not eternally roun.i i 
in th nat"e 0 thi~ s, nor ar th: imm iiat 1 
su e tel by en or expe~iencej t' ey are importa t 
parts of ev .... ry t~eor of natur a recelv~ their 
valiiity r m th- con3istency" t' internal ne~tne s 
ani success 0 th e tire eX.lanatory sc eme."­

~ar: na 's 8 st ill of sense lata, rul of corre onience 

2 
" r-enau, :p. 73. 
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cons ruct3 i~ lllustr te 110' in !!lei:)l ~l~lch 

boo: : 

f',It 

o 

P-ft~1J 
("," 1'- ,11i~ o~ Id."~) 

t at t- e ru13s of corras~onjence ea ~rom 

t e plane of _Jerc8~ti n to t' e cons ruct ani that t:_e also 

3~rv3 a_ co~nectln' lin- bet e~n constructs. T23~~ is 

a~in3Ss about th i ejiat~ly ven ich ~ Ips a~e ense 

j- ta ncom unicabl.. In crier to ut kno' l~i e n 

ni~rstan abl ,co unicable for • tLer'e must b a passa<-e 

from ata, on t_L plctur?i plane of . erception to rderly 

• 0' lej e v _a th rules 00&' corre .... ~onde_ oe. The con t::,"',).cts 

- 211c', formel, a i-:1to ~·.hic: our .mo:lle.ilZ9 of natur_ 

...fits, 11 ustrc.t- one "a or us of tne the tical ... eory. 

. rge!1au i a r..10,:,a1 Q on_ nt·ti_~s1 '-'- :0 of th~ c 

.8 th --tic 1 hear]-forr:. Form in :·:ar- nau's
 

hl10.,0 h i:; r·:;qulr :::1 for t .e ur- 033 ·~f COm! 'n1 cati on.
 

onstructs, b I"' ....ticnal, s __o', a oth r .1. ac::t of their
 

connection ':;i til t .. 3 mathematical t._ or-:". 

C n ructs, ~~rggnau says, are not com let~ly tel" lnei 

by perc3:,tion.. I'To be cc '" tab13 to scienc , a3 to co n 

s nse, co ructs must s ti~f t- a kini of eman s. 
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T e f1rst 1 a for:Jal scrt: l t r uire t' t aver:' c-xplanatoI'y 

posse a c nsi tancy _i a ;:>10&.1 f ~i:'t~li ty .'ihich 

a alon~ a not confer. 1f3 T=_ia _irst jema i is a 

emanl conn_ct~ . ith t_ ~ m thematlca1 t' e ry anj 't is 

co::.c~rn j lth foro. ::ar ~nau :n '-:18 in,,:=stisation cf the 

2pl.3t malo of t~30r3tlcal 3ci8~ce says t~at thi3 emand 

..nakB9 c _rt::;.ln II .et p y9_c ..... l re:~uL "'r ~nt8rl for constructs. 

30ne ~t th se requirem~nts ar2 th~ r .uirement of" 1031c81 

f3rti1it JJ t~e r u rament of permane c~ n_ stability, 

the ra ulrem t ~f 3xtsnsibility, t~t 13 a?plicability to 

many cas anl t:13 requireme ~t of mul tipl.; COnTI.;ct:'on3 J 

t~'1at :'s the· bill ty of the co ...tru.ct to b2 fur:f;a11y connectei 

N:.t~ at r con'tructs a api te o10gica11y con.;~act3i ~jl th 

~1& tu!'e. 

This ani 13 .?Jv~.:l9nce of a c msct10n b_t~13 n .: r-enau's 

phi oso y a.:l t... _1- /91ca1 t:·~901"Y. Z·:a.r nau oes not allo·..: 

ra ional forms to assum.... kins.~lp ',11 th r3::.1i ty nless phy leal, 

piric~l 33n53 ~ta au art t~~ valliitv of the rat_onal- - " 

concept. .. _) rico.l conf rmation confer';;, v&.li.il ty U)Ol"l 

r tional 3, st..., .s c=:· t:Lou~ht. After one has :..:,on3 f'row t:.a 

;lan~ ~f ~Jrc:ption via t~3 r~l s of corrg ponjence to t~3 

ar~::.. :J~ th~ c _ ruct, e must be able to go b~c~ thro 

ttl': rules of corr~3pon::lence to t".e Ian of _rc·'ption if 

21 system i v 1j. Thi r~ r~ci ~ of step is =mpiric~l 

:; 
Ibl - • J p. 99. 
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'1 rifie tion. But ho' ca- _ one t 11 if experimenta,l aLi 

theoretic 1 valu~ a' e1 Tilere iv always unc rt~i~ty of 

~as 'e~ant. enau solv~ probl of h Ii to in1 

out ,. ~n exparimental V0rif~eat1o~ 3xista by statin' t at 

a ..... eement i'] Y':?;";"Ch2:l if S'xtar'nal and. internal conver"" nee 

a ~xperim8ntal lata _~iicat~s an ap_roach towari ~.~ 

U b2P of ob8e~vation co~v¥r. ~ to ar1 a mean. ~ternal 

iiffe:ent instruma_ts uge~ tc 

:~: t }ct t sam~ quantity r made more and mar ~r¥ci3e, 

all th _r reaiin s oint to tha same value. 

'. r enau, 'lhile tr::.c:L'),.3 the ?1stamolo ical iev op ent 

of theor~tical science, a ieveloped. a _hilosoph~ of Dh sics. 

Hi trac factual 3 0381b19 b t hio 

concl sions ar ". iv_iual. He b:;)113v~a that both matter 

ani form are e aential in n2.tur.;; hc~;"ever, he n~ver cl_arly 

is 1 nat~s iih1ch lays a s·3cond,r..r,T rol~ :'11 nature, nor does 

e eem to sU9 ort the funct:_onal theory ubich 'Il= h '18 sasn 

se~m to be t only tl:t·acry in ',.bich both matter ani fer'x. 

Cu.l1 hav the sa e statU3. :.aJ,"cenau ':"3v310ps a _hilosophy 

in "hic' bot:_ form and matter' )lay a. i flni te part. e 

13 not concern lith prov ng w ch of the~a is baSIC. 

n also b91i~ves th&t the spect tor can n ver be spe~rat~i 

from the ~ctacl • e ha bee influenc i b &11 thre 

theorl~s of nature o '::3 n~ver really c _oos ~ the entity 

rhich .1.a con3iiers b.:-.sic and o"causa of tilis :~ls philosoph~r 

appeals to all reaiers, bu L never r_ l1y ~ive a v1e~ 

i.r:> nat'r . ' __ ch c n b: reconcile::!. ,11 t· tiJ.e _mpos ib~l_ ty 
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of ~ivln~ both for ani matt~r tie same 5tat~s. .att r, 

form an t'_= -:;;ve t c net &11 b~ ba ic. ,:9 havs s en i' 
. 

t. 0 ii~cuss on of the t:.~ori s of na.ture a t ~ t t :::1", for_1 

a. av_nt' r~ .utua11y xclu3iv candLi ta I'or t:~_"? oas:'c 

e:tity in nature. Th ~r1ncl 1~ of 

in j 1 ion to t. _ material cause, un1353 t~3 u~iver 

3:'( lbi t an or an za tion 1 ich t'le hySi cal cau alan 

can at prcluce. If an or aniz tion 0 th:s tYP3 eXist~ t~=n 

t form 1 ct.:use ":lou2.1 t·::: t~;.. on y an t ~ pri 1 cu-u _. 

"ismissed the bOoS c d,ifJ.erenc s bet~·,'.?en ;J:-"ys1cs 

0<'< conti-!ua.. al1i ::-hys cs of iscrat systems; that i the 

ph ics o~ ~ compl ly mathe!::!c..tic3.1 t290ry and t e hysics 

of comp ete phy lcal tnecry, by ~ayln~: 

,0 alternutiv s ~ct to the struetu e of matte~J 

conti uity ani i ere 9_ ~_, ve been rscosnlz3i in 
the earliest sta 93 of ci:nce an~ hay - all times 
nspire controversi~s. ..: T_ uestlo_ th is not 
metner matter i8 continuQu_ out hal theori_ s cce d 

';;h_n the !"e....;ard as a co tlnuuw the construct h_ch 
they tak to be t' ell" ystem. 

n_c_ ity 0_ giv'n theoretical 3vii3~ee for ma- n cc~t~ruity. 

o ii3contlnuity--for a 

. r~enau a s thc:.t scie_. _ bot explaL.s a j 18 C 1 _5 

ae u iv r It o 3 thi 01,;;;. ti: '1 , i -',--­

fi"1 te " s t&.te " 'i:" C~l conta.in "o'o36r-vables. 1I 
~: t e is 

bservab1~s 

Ibi.i., p. lSl;.. 
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hie: iefine the st t of t:-,-~ 5 J 
7 3t:...m. The main iff ~!"·.?:~ces 

'n t phy~:es of eontin - d tae _hy ies 0 iise!" t te s, 

.al" enau says, is t ~ liff~~e~c~ i t e sJst ~ i . tv~3 

they u ani th~ i f", 

nis 1 1~ t of h s ;>h·lo ....ophy of ~_ ysies -·h:c;: att mpts 

t le~cr1-"": L!.3- n tUI" of phy lcs b-'ole crlbln -.' t phySics 

do s . 

. al" _.au I philosophy Ool ysics _3 concarn d ._t 

h~ r le 0 0 Is in sc Dca. This conc~~n le- s .1m tc 

a h .' l' ini_viiu 1 VOl t~E particle !l lave eontroY rs' • 

. '~ stat~s tat t'el"e i.3 no .iuali-m. lI~lect'ons an p otons 

re ne thel" p~rt:cle nor 'lave . I '. r - nau sa s t t 

cannot 'iIi a od f lectrons ani ;hotons :n terms c:' 

t--'o'; v:...3ual tems c~:, :.-ave ani .a -t~cl2: • 

. e . el eV3 tho. tit t a, e",se ti ll~r 

e1 etron c.;. not be esc lbe~ 

a iBul moiel. 

i:arg nau comments on space-tAm, causalit an- 1"0 lIltr 

t2el" oi ~a lcs . n1 otatlstic~l ~chan-c6 ani eae of th s~ 

s etlons aii to his 9n~losop O.L ph"s CSj O' eV3~, our 

purpose --a to not ~ L n r 1 te!'ms hi - _r:i v ~jual vie., 

f nature. lne t:s. s bee: aceo pI she s· all, 

e . aps u ~~~tly, fore 0 d tail_i 1e erlp ion of he 

_x ••slon .... of hia enel" 1 ph_loao ny. "e hall can inu~ 

our inve ti t on '. lnllv' dual '.ilosophles by ...iiaeu 1 

5
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t:	 " iloao_hy of vir ames eans. <Jeans, of course, iff_r 

h s use 0 the t eo 1a of n 



T~ VI 

.iir am s ans builis hla phil sophy en on= l=~init_ 

t~aarJ of n~tura. H3 ha~ acce t the _ the atical th30ry 

of nature in a rastrictei form ani h usai it as a ouniation 

-- I'Ih ch to buili hi phil ~ • hy of ph:'3ics. He ans\'!ers 

.t ,~ ;"'_~~Cc:~lr_stion, t i3 'J' y exa in n~ the n tur~1.1 O..A. t 

Hi9 a'13'Je:.'" to t::e question, II 'hat i3 P~_ySics'?" 

aYIey c~n b .... st be presente 1 iniirect methcl. .:ar .....enau 

rSY~·i...13 ~lis 'n phi1090_hy in th form of a supP03e ly 

Both these m~n ar askin t e ama ue~tian in ifferent 

'5. 8 ani they both 0 taln lif'ferent an rer-s. .:e have s en 

th t ..ar nau founl 921..13. c,,,-1 knm. a a a be inaepar . ly 

_ :Is cal, mathamati 1 a .. f~c ion 1. e _s r':'nis tnat 

physici::l.l kno lei i ba ically ~ath m tic~l. I, myself, 

nav~ approachei the apic in an i~iiraot =ann8~. I pr teni 

t~ ba~in by i-1- ~ ab ctive definitions c: ~h3 i1 f r nt 

a 1c ~ ys of laokin t ~~tur;. I too ~~veal my _ i1osophy 

.,li11 30en - 1 ~cover. . t r_stin oint to ~ote is th~t 
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phJSlci-ts approac.ln- ?hl1oso_hy of _h slcs try since ~ly 

+... eg o '~ctive1, ut b c use phi So hi~d in 3nt'rety 

ar c m9let~ly _n:iivi:iua1 t' ~ r'3v3c..l t:-~~i:c point 0 vie',r 

in t_~ c o'ce of _proach ana in th ~3~e~5 t _y elv which 

h~ ans ers at hich any 10.::;1c::;.1 ~n ',.aull 

arrive. l 

eturn1n.' to ean ani is' e inition of h ic.:;, ~;:.. 

see that eans be TIS \,'1 '" ~.J,3~C _ ~tions as 11 - ~·~ar enau. '1e 

S ys, ho lev3:", t~lo.t ',';; _-~_~G:;iv-s cor.91JX je s fr our five 

3ans_s. Visu 1 iie s, ~ ltory 1i_ ctilc 11 an the 

11 ke iA.r'2 ::nix si ;1 th i 9 of aest tic beaut a 1 free t~a~e. 

These ijea to _ correl~t. anj C' te orize befor t~ey 

~~3 us~fu1 fo scie~tific manipu1 ion. 3 not1n~ n mber 

a uantity c.::..t 'ories en' e maie. ·,'tth 

fun m ntal lie 3 3UC.L as number an quanti ty, a~:l i:1:; s 1~hien 

hav,; _uta!".;":" Gill' _.inis t 1'0 trl·,3 t'.10 sens 81 t ani 

ouch. II::: ans f ela ~_ t vi3u~1 1 e s are or pr eise 

a ..i. t~' n t ctils idea • e s 6S ihat have e~lle 

t_u echanle 1 vie' 0 natur_ c;;.S a r.anif _ t t on of tc..ctile 

re, so~e o~ on a lOier Ivv?l than visual ii~ a 

'h ch ar~ assoeiat_i . itn geometries an~ the muthe t'cal 

1 
oats of thos_ 'ho p se:i ~fore mu t b~ convulse­

.ito ter at m tt_m_t at ob~3ct it . 

eans, :J. 12. 
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tneo' of natuX'o;:;o eans, however, sep rate~ -eo ~trical 

~xpl n tiona 0 n tu e fr m ma em~tic~l explanations. ~i3 

~ als th t eo etries ar~ b s call' picture ani that mat ematlca 

is co~cern9j 11th r-IG ion h~ formalism com on to eometri~30 

aim thematical e ua 10n~ is not seen a u~f ciently t n 

to hoI he t' 0 for to ~ther in one theorJ. eans c nclui~s 

tnat i'3 to he c pI x_ ties of iieas r ceivel -. can nover 

nop to kno t m~an n.... of the 1 eas. .J ¥ c .....n on se o e 

Qt m~tic~l rel'tion , t ere ore, r U9 the m thematic' I 

1s the m03t alii theory f na ure. Je'ns 8 y that 

p _cs tries to: 

..• aiscov r h patt rn 0 events i:ich cont~ Is 
the henomen~ observe. But ¥ can never ~o wnat 
his _ t r~ means or no it ori 1n tes; an eve if 

so e su~ 10r int 1 i~en e re 0 l1 us ~ vhoullt 4f1ni t~e explanation unintelli~ible. 

s co .t_nu ti n Qf the iiscu9sion of the e ~tionsh~~ 

bet e~n p'i oop_y i phy 1c eans ~ttempt9 0 rin out 

3.0.1	 . ~ ~l--n t 'ust ho 1 btain sci ':ltlf':'c kno'llei 

oth h~ an that e i~tamolog leais to kno~le- a 

of tho e t'ln ·~r eo u li~itei h1s nvesti-ation 

"'0 a stuiy o 

bot' !1i - ans fin th 9ventu I Y both em _rical ani 

r tonal kno:le ~~ ust 0 xa- n In th~ cour e 0 

i' u slon of ho p90pl~ have ADom in the past, ~e~ns touches 

3 
,;a no.ve seen this ~_st1nctioo in the hi3toric~ 1 iefi iti .1 

0_ t~_ ~'t· 8 
._ave hi stor:c 
m ch n1cal ii

Gtic 
11y 

e~s. 

1 
be 

theory. 
n coosi18 

. e sa1 tha 
e1 ur . 

tr-e 
ani 0 

~t 

r 
c'l for 
th~n pay ical 

4 
ans, p. 
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upon the ~ath~ tic~l 

ree ~ Jesc-rtes t ~ant ~ i al_ expounl rs f the mat. ~ ~tic~l 

theor. ."-3 also t uc e upon t 9, p':"ricists uc '3 L ck , 

.ume an:i _ e: ton ho ell nat ex . eri~nc --u ually . i tr tb 

~re 
~. ani no"'i-- la th::. ole 0 rc of bo' lei .. eans"" 

conclu e th~.t a ~ io' i kno' l~i 9 ha a certain r __ db Ii t'T 

a evijancel by the cl.ct tn t prejict ons 0_ physic ev~nts-
b s.' on a ~riori ~o 1 i-a often 0 not 'l~ or cro c ic 

an icr03Co ic .lorli. H. su sts that ou' tl pr'ori ll 

size~ .orli. 3ucl'iian eometry, points ou a at 

one tim con81i r9~, aus of a ari lmo le1 .::, to . "" 

absolut~--the_ a29 reI tivity ani non-~ cllila ~eometry 

nl t' e 30_ut~ aspect j sappearel. 

restrict~j form of the math mat1c 1 

t' eory b~cau3e h_ loes no b li~ n h _f icac 

r10ri 0: 1_1:9 as . i Plato nl _sc rtes. io:> e r tion 

c~ ~eometr~~~ nJ math~m tic 1 r lations shou 1 3a:i us tc 

oU act that 9 TOU ot u:e -,II for alisID .• the s anner. 

atre9S r91at~on s being unla~e tal. He 

r~e . .:..th he 9. piricist that r ~ol~ sO'rce of knollel 

not consiier the th1n s " 9 erV:;l 

~s b aic. ~l hou t: 9 v~lu~ o~ experlenc­

i as tn_ h s cal theor r , ~_ c~nnot be 1.1 to have 

accept t!l9 oh s':"c theor b9c~u3e it st tas that th_n ~ 

atter ani motion--a" e 'asic a. Jeans stat_s that r~lation 

bet"_9 t in s r importa it. Jeans make tnl cl L'1 

th~ 0 1 ',in 
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ave se~n that kno l_d e of t ~ ~xternal TorI can 
come throu·h obs rv tioD and expe' iment. These t 11 
u that th_ ~orl i ratlonal--its vents folloi one 
nother accorlin to definit lao J n so form a 

r ~ul r patter.. The primary aim of phySics i to 
lise ver this atter.; e ve ~en th~t_it c~n b 
de~cribe' 0 y 1n ~ th_matle~l la ua e. J 

he Thole hi -tory 01' "'J:lysic s ': 3 trac~.i by ansa He 

n . e hav 13cu sel <:.t 

vJ.r10u_ time , ~lton, 3inst in, Pla.nck, R1..i.t~~3r"'·ori, ..::ohr, 

ha!lil nu of t;3 i to~~ 0 phySic S . ona ca~ .i1 3cove~'" trle- t 

eans pr . eS5ively lose ho e of f1nain tc~ basic entity 

in ~dtur;. He h s to ettle ~or i1scus_ion of th b 1c 

&~tlty in cur lm~~l_d ~e of n~tura. U~o~ vieiin. the .1story 

of phy ies he bee ecnvinc:.i tha.t ~':e c n n~ver kn :f at 

~is e ini our kno.·l~ .. - eeln a y guess. Hi3 SU9as 

is th t athematical rel=t:.. ns are basic in ~<...tur3 1ta31f, 

but :11 : ilosoph oes not c3~t?r arouni t~13 notion. 

13 P 110.30. hy centers arounj tl1': i ~ea tnat ath"ID tlcc..l 

r 1 t~OT.3 . J:'~ b lc in 0 ",.. knowla e of ni:i.tuX'''' and. t"lat 7·:e 

c~~ le~crlbe--not ~xplain--th9 ha nlnGs ~f n·ture in mathe­

: atical td~ 8. ~3 brin' io the nct onal t" eor; 1i a 

~.t 0.11 our o 1 j e o~ nature :3 aostr~ctlon from tae 

th.... anner in e . e ~ivii up spaea-ti~a is priv~ta an 

T~~t it 15 impos3i~1~ to explain n ture itsel~ 13, for 

5 
IbiL, p. 
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J3ans, no a 10 m tic statem ut. It 10 a r~3ult 0 i iieas 

cf rc~ ::tions. any ti'"!6 ".l'~ ;,-ant to 50 be- oni pre ictien 

of phenom na to unj rstani them, ·,T?: ~x;ra3a a. jealre to 

~~ bayoni oathematical y bol~ to a conc~9te 2=~~1n~. 

his inv IV3 j~vel 91ng mo~els an lct but a mol 1 

or fictUt'3 thu..t 13 ::"~1t311i:;iol.: to U.3 8U.3t ba ma1 up of 

in our U11n , as ~a ns tatas 

a.::.r l::r in til ~ boo k, have entej,"'al our ini throu h t e s n es, 

ani re t.US not claar, Jr9ci3~ ani commun~e~o13. Fer this 

reason 'le cannot h a exact kno 'lle ~ of t 18 basic in n~ ture. 

?arhaps G. d.iscussion of ,j aans I vie~:s on causali ty 'rill 

~3 sa s that ~ 'tonian hySics pr~ nt i a totally c~usal 

I;m"ll. osition anj v locit of a article ha~a an~ ow 

~t rmine hera it been an of ere it, 8 :cin..;. 

el tiv ty theory also ~3cri a e ....usal '101"1.1. The past 

iil not ~nt an 

ot sharply :ilvidei a. j '.rere all part of an unalter' ble pattern. 

uant 

aecor11n: to J a s. 3inee th3 futura ~~th of a particl; 

1:~ quant ee nic ha 

tern in hie e usali t~ _ a' ~?i";. :io';evar as qua.Tltum t::'aory 

-re 1 "ava m ehanic s ani a trix chanica ~ clv~i. l'Tha 

the tic,,-l a~::-jCl.tio'.3 of bot. for:ns f th ne uantumr 

t:13ory, t ~ 'lava 3C anic s ani the u ntum m cha lc.3, Ci.r:3l 
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co 91 t~ly ieter::! niatic in form. ll ::> .. _an oint out. 

10 s L_ .!.c· te that t~e - 01'11 _3 e1' IJ unrol 1 (", 

but t _ unroll1n~, ~or ~an, is not tne course 0 event 

b t t.e course of our o'!l:d ..> of ev~nts. !Icauaality 

11 appe r from the V~.tB t ems 1 es 0 1 to app~ar in 

our owle e of ve ts .117 The c~, r~ct31'1st1c ):1.ilosop' cal 

con lusion th n makes itt th 1'e 13 ca a lity in 

our -.il9i_e of BV "nta, jue to the form of t.. equ tiOD 

12 U8_ t iesc_ be th ha p nin~s cf n ture, but it 13 a 

a nin 1 bout th~ cauaa ity of th Jvents 

t.emselv8s. 

'1'0 ~ th r illu3tr~t~ the 1m lic&tlons 

ph 1 so h' of phy lc3 _ sh 11 ~y.a_.ine s vi's on tl.1.~ 

rticle cont ove,:·sy. .1 h v?: seen t :.... t ther as been 

a ~'o j .ie 1 of vil~nce t .t 1'ailatlcns a.re "'."toW 3-11 

T:. 1'e has also een evi.ience t t raliationa arc:> p 1'ticle-11ke. 

e navv Iso se ~ t~· ~ 3_9ctron c n be seen as , ave or as 

a article. 'lhich vi3'"i of ra lCi.tion and electron 1 carr,ect? 

~eans ana~er3 t-at th :::'1'9 botL correct. ".e sa a, 11th 

". \T-:;-;lict:.u'9 a:_1. th :,art::'cl~-,'icture 10 :!let suo' t 10 iiffe1'ent 

t:lings, but t ';0 spects of t ~3 3ame tL11n~. They ell";:; S mply _::...rtic:..l 

;:ic ture9 ·vb.ich ... 1'a a oro .....rie. t e to iiffarant 3ets 0 circun v ta ceo. "a 

r 
.) 

TbLl. , p. 173. 

7 
Ib_J.. 

c' 
1·011. , p. 133. 
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eans s~~ t·!~ t- vi~-,' as c m Ie entar rather th n 

aliitiv. . ~ h va se n t~~t -eans re aris all ant'l 

ietures a imp eeise ai1s to unierstanl n~ nat r~. ~~ 

says th t the aves n~ve no material or real exist~~e~ apart 

~ .. .:.n ar~ not c n~titue_ts of n tur~ . 

cur ~frOf't to unlal"'E.tani natur~. n mat ematlc~l formulae 

which thea './ v '" try to . e cribe are un Ite bl~ an~ basic, 

C;..ccor~in to ean t but ou.r pietu!"eo , the 'lave , Cd.:1 chan e. 

Th~ particles ar also impr]cis~ ~ictur~s to ai~ OLr compre­

hen::lion, but of t .3 t ..'o pictures JaE:.l1:5, aimitt~ilJ 7,i_thout 

earer r~ _ity. 

I'ht a ai sho'" t:_&.t e ns i orient::.tei to·,la.ri t::13 :i16.the­

.ll.?tlC3.1 tory tend to S~] aa tty in mathemat~c 1 

ter • t e anner in _e the ....ucces8 

Qf' a ictu ~ of n tur bas in th~ p~st Ie 

people to t: .... b-::lief t~ t nature 1,.1 ,5 r lly Ii ~ he cces"':.Lul 

;lctur 3 he says: 

- ow t: r t 'le find that 1e can best underotani the eours 
of ev.:>nt i t ms of .1 v ~S of lela lei ,t r ~ __ s 
a c rtain presum_ tion--althou certainly no proof-- c 
that reali y an no: lei are ~im~l' i_their n ture.~J 

o s n t ~.clu e t e im.ort~nce of tryi - to 

un.ie~ t j a i ve e~nln to p ys cal t~r~, altho~h 

He 

is ot, ho v3r, & _vsitivistj ~s ioes not belie 

ust sto thin -in;~ nen"a ha e :;1ven r ~l ti n o events. 

im1 ts that 'Joe ph lei't cannot cloth i_ atham tical 

c 
-' 

Ibi ., p. 203. 
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s· bo s T.,1 t ue phy _0 1 ~=' nin~; but h9 bel _v~ 

tn&.t physic and ;>hi_ o~h lim y pro erly en a e i :oint. 

i: 'cus~ion a to th~:r p03sibl ~~an n_3, an t.e 0 t 

probabl~ int rpre tien :-=- t~:. p tern of events. ,110 

c:: .. -:::lui our jiscuss on of -ean I S _.:~-_~_l op y it to s epe ­

_Jin1 i uot tioD b~cau8e 0~vn-mlnje1 e ani a illln~n 88 

to almlt any ne1 lie s 1s char cteristlc 0 eans I 0.r .01 J 

•• ,j.'.JhilCGO hy. ri'~'le l)ositivi t Houlj not Gree t.niJn 

o beyoni is cri~tion8 0 

r.l ti ns '-' shal s~ 'n the f llo','i::',; C tar. 

1 
Ibl ., p. 82. 
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I L ...man who iefinitel it into ...n s c~ lJ~ ory 01 

m n ~ho 10 not w sh to 0 beyonj ja eriptlon 0' r~ldtions i s 

obs rv in natur~ i hili P Fr nk. I~ orj-r to obt~ln 

nsi~ t into hillpp Fr n I inj vi ual p.l10soph of natural 

;:oe1 nee, on mu t r lize that :.8 is ro ct cf' e i ite 

"sc 001 11 f thou...... t. This 15 t' ~ oslti'listic sdlcvl. 

Fr'nk ca.lls his 1 soph "1 Ca. emp icism" j ho'r ver 

it is b sic lly an ex~ ~~lon of Comt ' o Itivism as interpretal 

C mt~ be 1?ve all mo' 13 e c' me fr _, tn se ses. 

" t only color, soun an sell, ut a the irt8~-r3lation 

sense -lat a part of the 0·1 e ivan b~' t~~ en es. 

b Ii vej that eventually 3ach 3cienca ",oul fo~mulats 

it~ la 8 in term of relations. 0e3Cri?tive for ula~ oull 

r~plaee :;xpland tieD,:>. I'j3 11.,. Y II an' "ho,'s" :loul not b~ 

"ara..1. Co:nte postulate t. ~ ilL .. of th~ .3t te II lhieh 

ap.li: to a.ll human thou .tj b t ~hich 1e sh~ll ~r3aent 

ienee. Th first tate aceor in to C 'Dts 

t _ t tv in hich human~ male all 'xplanat_ons c~ enomen 

1
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. t rms of theo 0 In this 0 t ~rimi ive 3tat~ an 

5 oke 0 ~mons ani 0 5 ca' 5 n nat 'ra1 ~vents. In the 

5 coni 3 ate p~8nomen re lain~ in t9rms of ie ~~sc~a1iZ91 

forces an~ o~ers. T 1s is th at physical atat2. Tna 

thiri st ta 13 t_ ositiv'stic tat in -0 C phenomena 

~re m rely ace t~ly '~~cri al. ~o s con ary, causal 

ex lan tion 1s Dais. 

ch to~}~ the _h11o::w.:....hy of Comte aXl roSV! e n aiied 

to it. 'ac~ outlin j a ?l'oc.;ra.f.C fer roJ 1ci08 la-,s of ~cience 

to erceptua.l eleme ts. 33 ai's an int r~stin5 vie':,' of 

t 0 13,3. He 3a1 ," _ aim 0 n tur 1 science 1:3 t::: oQc:>erve 

conn_ct~ona amon phenomen T~sori3S, bo ever, ~r3 _ a 

~'11 ther':;':' 1 ~:,.'[ 3.3 '.:~1.ich 1"'0 off ~:fter (".Lav! 9n~b1al the 

or-an sm 0 sci nee to cr~~th for a "0 - 1'"-. 112 Frank rea11zei 

t t h_ a memb l' of the ., 'Ii :;nna eircl _.t :·.'h::'o21 inc u.iej 

n. Ha an tto philosophica.l 

oerita-e. For t.:S r~ason he ievotei the f rat s~ctlon a 

yslcs to a hi3tor~r of 

Durin_ tb . i tor j ni throu hout t ..8 r :B~ of" ';:,::8 

boo~, th 90S t_vistic 1i that Ita l'oI;:csl7,ion has a. mear-inS 

ly if it states th~ mea: or its verific::-... tion.· I 
:) i.3 

a c ntral theme. T ~ i-ie of "meanin_ldss cone ..;ts" is 

2 
hil.p rc;.~~:, ~~t\"~3n i-hiloao;Jhy an- Physics ( ambriJ. 8, 

i:,as3: Harva.ri t:'niv~rslty Pr3S3, 19.!.;-1) t 9. 30. 

3
 
Ibil., p. S.
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a fra3 .. n~ interesti'l::: 1:1 a lhic' ~""ra._ propo e and vhicrt 

"meanin__less CO.IC e;:t" 

ct .:;ive t. e mean for 1ta verific.::.. tic,..• 

a~k an1 positiv s in gene al 0 tc~ f~r 

nva t a ion eyon1 rception, the] .ave 

ione mue t r~i the .hiloso.hy 0 phy ics cf _ta hys'c~l 

2XC It 15 lncon 

of scivnee; for, aft_r all, sei~nce iev310pei pee_flc~lly 

to nswer th~9 qu at ons; t er for pos~t:vism or 10Sic~1 

empirlcis Tne eXistence of po itiv!stlc 

p' 10 oohy, hO'.Lver, re uir_'J that p iloso?hera thln~: long 

ani criticall befors introiuein met physical explan tion. 

'I'he ~:,;,o.lity of 3ci:mtlf'lc exp anaticm 13 im rove.i b t'le 

r 3ence of po~itivism.
 

ank sho"! ho" t18 ?ositivism of ·ac s transfor
 

ni brousbt out of ita ivory tOler t Lose ~.- eo nect_
 

o itivl m to . eric' n ~r m tis, ani t us ievelopei logic~l 

lric13m. All the'v Il is S'I I::l..re qUite eanin 1 S8 -"lithout 

~x_lanation. h t Frank "ish., to sho.! is t t a .r s ntation 

of t a Norkln s of natur inte.-rel tion bet- en er­

ce~tions 3e s a concret com vC ion' ith th~ p: sical orli 

to ma e it a .iynamic concvpt. Th concret~ co ction ith 

the physic-l lorl f ~ lean 9ra mati m is i cor or t i 

0 rica.n pr matism to~!ari "tr th ll 
• "Truth tl for' Fr'n 

,~is ot as an unattaina -·le form as it for .... late. Fr~_ , 
(;:. a true tiviat, thinks th t it i5 us ..... las3 to s c..~: 

r nk feels v3ry 
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ch as the A _ric' pra...:matiat -:il11iam Jao:.s f~lt. ~ 

_ccoriiD~ to ~am~B, th3 truth of a system of pr1ncipl~s, 

a ~ y81c&1 thaor~ for instance, 10es ot consist in 
its b~in a faithful C09Y of r alit, b t r~ther consists 
~n~. ~~1t4allo.s us to chan e our axp rience accorlin; 
... 0 >11 sn_s. 

lrut~ for Frank caD have no meanin 1; 1~ is ~~ll 

philosophy, 1Ithlch has n some forms fil ter:...i jo m th ou..., 

t' c9~turi3S, tb-at trutn ~Xi3t6 in a orli above 08 and 

ti:. a th t t e tr:.; th of human ~uj nta are only :ooi 

if tney ar_ fait ful co_i~ 0 t_~ eternal trut~. Tne 

concept of' ... r th h9lj by F ank i a. con apt Lich ::iV~5 

an' s int~119ct a hi .....h9r lace than j1j the olj philoso.:~hie3, 

b t it a so m ke an as a 'ho - or_ o.ly anj m terial stic. 

If only or hwhile truth can 03 jeluced b n o the 

nformatio Ihich i iven t e b t' r sense , tnen man 

can hO.:Je to o I "truth". fie formulat sit, 0'.1 ver, in 

er s of what -,-fill improve hi s physical _tUB. tion anj obt ins 

"truth" onlJ to b tter his ':n a thly hysica.l aurrounl n 

Ha c nnot ra ch u~- ri DO a absolute truth. ~c e s y 

t:_i ~ met . hySic,-l communi ~i:....t the absolut3 i3 nonsens-j 

but t least it eta a ut f a rut f a-If co~cern ~h ch 

c n lea 

n~ v _- s on truth an ~~ lity i:Jcuassj by Frank ~iv~ 

ch in ..,.h· ; __1'" t '"' e ~ nse of h_ phil sophy. Fran~v ...... +0 

Ib~i., pp. 71-72. 
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it i;:; uael_ss tc iviie t:L ".-TOrli U:J in.to "apparent" natu'~e 

t that 

the only natur ~~~ t~Gt there is no r~ lit par from 

1",,1'- tons. :etzacne ex e 31 th s Vi~i as folIo 

That t in s :~V3 a qu lit :n the s Ived, qLlt3 apa~t 

from any lnt _pret tio ani sub~_ctivlty; is an 1 'le 
h oth sis: ~t wouli pr uppoae that to inter ret ani 
to b a sub ct are not s ntial, to tab" in~ i~tacne~ 

f om 11 reI tiona is ~till a thin~.J 

~ln ' in Frank's theory 003erv tio s ar3 th_ only a h 

to rut or re~lity, it i~ reasonable th~t in trum~nts ani 

aymbols ~hlc are :m_o tant to his th r".) . 
In trum nt r~ in s iv ,elation ani onl r~lation3 

ar~ m anln~ful. g ols represent th~ 1" 1 tiona ani 5 rve 

the ai e functio 0 i ensin t co 

The e ch 0 c_enc cco~.:lL 

s, " !N3r verlfi CG. tion of 

_hy ical theory cons at i~ the t st of het e1" t_e s mbol~ 

a 1 0 ne- CF toe th ry ~ re unlqu ." Frank 11lu3trat~s 

thl po nt by showln th t one can ~xp1"es3 Planck's con tant 

:l':-~'I in t~1"ms of uantl ties obs 1 e1 in black-boiy raiiaticn 

cr i~ terms 0 ~ntit s ob ervei in Balmer series stu 

_~S 1"e t .. ·o iiffer_nt exp ri c_s ie~l tin "h". I:" t ei 

~, th Jst~C1 of symbo.'3 a un_~ U 3' i;i;11 t::_ theory "t~u e" • 

J 
Ibil., p. 32. 
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It 3bouli be notei that .ere there i no ref ren a t t in s 

Ob erv tiona ~~ the b~sis o~ truth. 

All u99tions conc_rniru_ the nat re 0 _orce an~ matter 

an tne hy ical concept~ ha c become meanin·13s~. 

:1 nly stateme ts a' out conc~ _t _x~ ~r _ nc 33 a "f • 117 

. other cutco~3 of .ran~'s eQ~carn ·it 

he iiff_~anca b twe n 1hat ars call_ cauSdl la s an hat 

~re c llej at ti tic 1 lals. ~ t tas tha th ta of 

ph sico is only to lni symbols amon " __ ich t. r_ ex sts 

rl-o ously v Iii ralation ani -rb c (a . - have se n) 

a s igne uniquely to ur _x.erlence. r esv 3y~bols 

perience in _reat or _ittl iatail. 

t e ar_ ssign n -re t . ata.il ·,te 8 __ ~ of causa la-; 

an i~ the corre ponianc- is n le3s de+ '1 'a have stic2..1 

a s. ran .. o_lievas that t. __ st t:'st c~l n tur of t ~ 

1 "S 0 ~ quantu I2bysic ~ ccur becd e ay boIs have 0 en 

assi n9 broaily t _x cria~c~. 

rank's vi_ of th 1 0" C~UsC1 ity is char ct l."i.::.tic;;:.ll:/ 

po iti iota The at t_ ent t _~t, t1Th la·.·· 0 caus lity is 
,.., 

only th_ establi shID_nt of a tarminolo,:, II i maia by ran. 0 

h_ r_asonin ehin this state etc nte s aroun . _ fact 

that _ c~n _xpr~ss the same 1 - many i1ff_ren ays. 

~ 1 bo ies, Fran states, c n _ provi e1 ith 5 at_ v riabl_s 

:,r c' Ea.r quo t tiV9_" ~i 'fer n if 0:1._ .' shes to fulfill 

7 
I j., 1;. ~S. 

8 
Ibi- ., 
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t..1.3 1 of us 11 ty.. 0 on can io a'lay .:.. th qua itt v_ 

i~feX' n e n reI -.hol_
y 

on the physic .1 th ory b r :l ro~:~cin 

atter an~ otion. In thi cas_ i' the la ~f caus lit 

~i ~ 
-~ to be 1f_l1_1, on u F:c - 50.' 5, ntro uce unce fir ole 

i en ouio in o '1_r obt in c- n _jaj 1v r 1 y. 

,.. ,...he 1 of c~us 1ity c n "1 thin - ~ nk' philoso_Jhy be mal 

to a )1 in n c s lf enou n atate va 'abIes ar specifi_ .-
_ran~'B _~ilosophy h stro t es 1 h the mathemat_cal 

theory. eans say th' the stui of .hysics a le~ om 

pa slcl t a a p i ivlstic conc_pti n of payslco. In 

nc_pt of n tur~ only r_lationahips r 

athematicall:T 
• 

F n i one of th~ men t 'hom aans r~f rs. h imposs"bil ty 

of btai~ n- a 1 3t n "lOrl.1 pictur ha l~ t ra 's 

at~tem_ t tho t . _ u t lim't our elve a escr1 i~-, th 

of events in math_matico 1 Th_ tiv1 ts, 

Fr.n i~!clujej, believe that phySicl ts may" or in 

~1elj 0 .hySic usin- any if er nt t oia an t c ,1que , 

but that the final h rvest ~']111 . heaves 0 m them~tic~l 

for ulae. T.8 posit v'ste believe t a ... , lit es ..... iiI never 

3ucribc n tu~e itself but only 0 ~ observstions or- natur • 

Cur stuiie_ c'~ n_ver pu int con a ',li h reali ty; 

~ c n nev_r penetr te ' eyon.i ta impr~3sion- that rea ty 

im~lant in he prec i~-:> ~cript on ap Ii s 

to poait~v1sts a. Fr~n' in ~oat ared has a pas tivistic 

9 
eans, p. IS. 



_o~etry if e fin th t the sum f he angles in 

Ie 
1: rank , p. 122. 
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outlook. is a 'flo~ic 

... . 
~ L._he ..,:r e ther~fore 

be iwcus'ei as osit':v'....:>t. 

~ran ioe not e iev_ h t mat e atic 1 form i~ in 

any ;4aj th~ ba 1c antity L. natur • e 10 s not 0_1:3- e 

th t e KnO. anythin about the re 1 0 Ij merely becau 

c n e~erib~ ~vents in th~ -,101'1 th maties, coriing 

to Frank, 13 mer:?ly a '1 of ex r~ i~ 0 r observation. 

Fr'n il1ustrat~3 a key point in his philosophy y u yi~~ 

th~t if h: c~n e t bl by 0 ser at~o the v 1 i1ty 0 

the :!:tic 1i1an or a concrete phy io 1 tria l~, 

the!) t~ .3 sum of 

one n1r j 91 _ ty 

-n oth~r -lor ,th~ m 0 the 
ani ~i8nt ie3rees a_ th a 

Jt10 e .re aions of t same 
been ma1 c _ r, th ,or1, 
al\ay 0 ey the ro 1tion 
the s art on that 1t cbeys 
re"l wrli. It sa .:. only".' t 

11 ~t tement bout t -lOrl.1 
~quival nt tatem~nt. 

T ~ lm.ortant point m e by Fr n.{ i.3 the. t ~l_ .l.:..velc.: a stem 

such s wcliiian eometry 1n '.-:' lch 0 e artic;.;.lar ct 

muat e ru~. Th :!l .. fini t 1s fact eX13tin i nature, 

rn bout an y that ti 13 is:Yiience tn.=.t the -,lOrl 

is 11 _ the syst_ postulE:.t3 In th~ c se 

~om3try T9 cone th t th ','orl is ""'or al 1 k th~ 

an 
10ms 

tn1ng 

of 
the 

i 
c 

1 3 

be 

e 
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trian -la 1 s on~ _un I' 1 and. ei nty ie.:r S. .~Jl. ~ e hav ~ donJ 

1 to fini hat -.J u~ in t e sy~tem. ~n -.[ ay '.. ~ h v 

-tr'ian 13 ",,:'e 0 e nun ei ani ei.;~t iegrees J -.i3 hav not 

-:.:.:-'o_v i tho ~cl dian om" vI' is a ij; O· v=- ere1­• J 
~ 

sai thc...t .i~ ar_ ___ 10y1 -"uc1111 n 90IDet_y usln- 11fferent 

·"Iorls. 

~ran_15 lnliv iu 1 hila ophy coull b callei the 

P 1050 hy of th; us_l ssnes of philosophy of ph _23. 

F'r n '5 "lo~'ic 1 mpiricls re trict ot&.tements 1:1. scie C3II 

tc ~t~tem nts of rel tion bet~e~n phe omen. Accor In 

to t i conception,". il030 ~ic 1 9ri ci_l_s J Q. cn ·f:.re 

not sc'enti c i. the a ove-ill nt oned 3_n s, f r a syst m 

of 1';01 tel ;>ro.9o~itio s fro.lJ . Q. - ch t· er'C re .10 lo~ic;;.lr 

b 11 a to t' e 3yst~ of scientific propositions.lll1 

:c~u e of t i~J a system of _hilosophy can n~ver be confirm 

or 1"_ ut by ne theor es in p ics. It c~n, ace riin 

to Fran-, ex rience no improvement or l_structio :it" 

th roo th of phy lcs because t 3 n t con ~cted to 

ovin forces of acientif:'c idCOV31"'J. Lastly Fr'n st;:..t=,s 

t .- t a)parent prove ent in _i1osophies of phySic ssu t 

from i ta'-_n- a.:reem nt in ~motio .801 c lor' n f r 3re_m nt 

in 10 le. 

~r~nkls phi10sop y has r~veale ome . f the c ns _uences 

11 
Ibii., p. 192. 

11 vi _-.] oth con3e uenc_s of positivism, 
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blan j' lth nf uence from othe philo 09h1ea, in our 

folIo.' .... i13cua _0 f e philosophy of P. ',T. Br1i _ma _ 



2.:: .t". I ::> .. .:iY 

•..• B i' an IS hiloso hy 1. clo ely conn?ctsi 'li t 

pos1tiv's. Th positiv1st1s un 1111n_ness to ad it f r 

i1 cussion any tate ant 1 lcb ioe not inclu th~ me ns 

of i LS verif c 0 .. , is av ient n Bri man I philoso hy. 

i~ GC~ 1~ concer ei th v9'ific~tlcn. ~rij m n says, 

"In naral, mean b any conce. tnt' in~ ora th n ~ 

_t 0 opera i ns: ~he co~ca:t is syno v~ous :!ith t~e 

c·r o.:Jeration • 11 

c nc~ to' lan~th 13 usei b r_i man. He sa s that to in 

t::_ len!5th of;;'" c.b: _ct ',:8 p rfor certain:,:.h sical er':;.tiona. 

H L t_s that the concept of len th 1 fixe Then the 0_erat1 ns 

by ,-mic ne measure Ie th are fixei. ~ot only phy lcal 

conce t ar ie ne~ y op rations. If a co~cept is mental 

such as m t ematic 1 continuit.y, tha 0 er&tic~B that 18f1ne 

it ar me!ltal. 

"'c u a of Erii ma 's conc'srn ' .. ~ th c)e~ationg his p il090._hy 

has e . calle Il c _,: erc.tionalism I. T' 1s is, l.1.0··:3v-ar, a 

inc,..! l:;t_ name. ~ e must exam n the fl. yll of Bri an I So 

.;,Jhilos p y in or...ler to s_~ U-:e.t !lop_rationa i It only partly 

1 
-­ ~ork: 
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3velope i .hi 0 ophy against t 

b~c:~rouni i 9a t.at sci~~tist an Dilosc~h3rs of sc:~nce 

must t iev op 11e&3 t at will cb~cure ]ro ress for 

ture enerations. he r asnn Bri gman 1s so concern3~ 

\lith opera ions is that o_erational ie3c~iption is the only 

1 cription ~~ crn us~ in conveyin our kno le~ge to utur~ 

5enerations . ithcut :ivin~ the~ sub "active concept which 

t_ tae mi~ht well be eanin "Ie s ani m~sleaiing. ,e only 

hinier )rO~r3soJ if ~/e .levelo m taphy ical ex.lanatlcns 

ani as s t".3 n to t!e next ~ rati2n. If. for instance, 

:;::: eiva all our :criptions of th& happenin in nature 

in tar s of n ot~er hich' ill forever re~a'n un et ct ble 

to us, then re bu~ieni_ ou~ successors ~itn the extra 

·ei ht of a mean ! 1383 conc2pt. Thay must wast t~eir 

tl e 'etti ri~ of it or ~xplainln~ phenom~~a in terili6 cf 

it. ri1 a3te.t3e, ",;e ave 39o:n that in etting up t . 

en ral rules hich are to uije us in je5cribi an corr'e­

18.t n .... nature, '../ h va to ta ~ extre e c:...re to allo'; no 

_eci 1 hrpothese t crasp 1~, as oth3r~ise we ro1 ~t be 

restra1.in"· os ible fut r~ ex.erience. 1l2 

The C0:1C3rn \o,:.lcn Br11 man 8[1O ..'S fer .hysic.-:..l c;Jer8.t1.on:3 

,,lOul:! in _c'te t:-Ja t he s bean af.l. 3Ct _ i some\'1ha t b~T the 

h	 ieal t2eoryo He oe believe t.at xper·~nce in th 

c~ 'ot rl to:> t 9 . hysicist I 3 only· ay to ~ in 0,19.1 e of 

2
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r 1 ionships bet een henomena in natu~~. 

h_ ~ttituie of th p ysicist mUd taerefore bec me 
n of pure empiricis. H r~co nizes ot a pri ri 

p inci 1 s which ieter ina or limit th .OS 1bl iti~s 

f ne' ax er13nc •. . I ay _ rhaps turn ° t ev ntually 
that as a matter of f ct nature c .n . ~ embrac_i 
formula, but we mu t so or aniz ou~ thin in a not 
to ~an it a ~ ce~sit .3 ­

a le3criptlon of n-tu~-. Thia i5 3vl'encc b J t: a fact t~~t 

1n 3rLigman I ail op 

to a tG\.l Ol'" hysic' 1 0 .-=ri:i. tion in or l~r to r-...av ~ anil1:".-. 

Relations 1ps, S i_ have aa~~ in our 11scus~ion of Fran~'s 

o 

Ther3 15 cons_ ue tly, a _lacs for he mathemat~c~l the ry 

in orlj man IS phlloso. hy. Brii an J hO'1sver, hil.::: absolut 3ly 

th~matical. He says, 

11th conc_ ts o. m thematics are inv=:ltions mao" by us in 

t"n:; att_m t to i_ucr1b3 natu!'3.'14 It is .iifficult, Brii~man 

no i e 

",.fL1:J.t " 3 kno'o( about natur? He f ~ls th&t ·.l~ neE; a !I! the atic_ 

in hlch the p_ lc' 1 concept ha ~ :;anl ne? too 

co~re 
1I aKe our equation pon mor clos~ly to th .hys cal 

rl~nc bact of them. 'I :> 

~a :J phi lose hJ, lik.: t'~-1= oth_r 1-oso hl_s "S hc:a.ve 

3 
Ibi':. , 9· .). 

-. ~ - ~":).1.0 ... .1. , ""I. • '-'_a 

5 
loll. , p. \5) • 
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.liseusse , sh it 1n 1v~jua11ty by tn~ eh'r cterlstic 

-',lay it uses t:.l~ physical, athamatic.::-.l a - functional 

theorl Br d.gman's c nc rn for kee_ln~ our le3cription 

fre3 from sUb:~etive can truets 1 s hi to a concarn or 

th opel' tions -r8 a -e mention T;~o results of a 0 ere.. t!ons­

orient t3 phl1caoph ~ ~rce rom a iet~ilei j_3cu83_on of 

th: c' ':1::::e;:t cf length. Th f'lr.3t result is th,:;,t if ",'::; ~3al 

-cJ~t'l henomena outsiie he r aIm in -·hie our ,:)r1g1nal 

co~c~pt were d finaj . e ma i2icover physicc:.l ~ in. ranc1ea 

to per ormino t ~ u~ar~ticn3 of the orlgi 1 i fini io~. 

T·;,:::> or n' 1 op rationo m st, of eours~, oiv th~ ame 

results as th 01 0 eration in t _ -0 ain 1,"1'191" both .3.i"e 

feasl~13. ciut actually, in c~ n _ t .... e o:.eration '/1 av J 

chan e t ~ ecnc). t, ani onl! convenience :ictatJ3 t at . 

uaa the 3a ~ na e for the conee_ts of tb3 tJO r~a2m6. 

The s .... eon result i 5 taat, II &;3 -.:e ap~.roc.ch t'.6 experiment lly 

att'inable limit, eonee_ ts l05~ t~elr i iiv' ~u~lity, us 

to theI', anj beco fe\ler in numbsY-'. II':) 

~ 

e nl:iv fe"TeJ:' 

cone .... pts on the horizons of '_ ture J :. 3cause..;s a.re capable 

of _~eI' a erations in these are ~11 our ecnca~t3 mu~t 

be sivan in terl9 of th 

S89 S sim ler on nar orizona. 

h. t~irj cons quencs of t·_~ 0ger tione_l c i arc.ctsr ~f 

~ri	 gman'~ concs_ t that ·t is entir~ly p03sibla to 

ue tions Ih:'ch are meanin,.31sss. In oriel' for a uestion 

, 
~ 

Ioil. J p. 24. 
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o av~ sanln' in 3ri man's context, t must b~ osslbl to 

flni 0 r tions by which an ier ay b~ .... ven to a Q.U stion. 

rl in t. e w y of a xample that it 1 me n n les 

to st 1 ov n or not b 'c' u ,:9 cannot 

_rfor opar t on to an - er t~13 ~L~3tion. fie a130 stat 

that i many c ses er tions t.J -';1'12.011. uestions can 

ans~er~ cannot ~xlst. 

!l iiea th t ,eanin less uestion xist c~n save 

?hyslclst~ from last1n: tl.~ tryln to uzzl~ out ans rs 

to lm_oss ble qu_st ODS; hOlev_r, there i a ne:~tiv 3 ie 

o the a of e nln ....l~s questions. he i sa of me nln'le 

u3stlon cloS I 1 th~ lie o~ laclarin tn t inv sti ati n 

be on~ r 1 tionsh19s are pointless, ar~ Dot , in a ense, 

ata n ti _ie~. If one acce_lt~ 1.:1~ 110:::' f _canin~ ess 

questions, te ~t_ to jut ilfficultroblems 

into the c' t9 ory of m ~nin~1 question an thus b rid 

of them. It i lmportant to 1 av ever avenu_ investi ation 

open. e ... ·a s t eanlngless question of thls enere-tlon 

/111 be a questlon of ~reat import ·ce to t: e ne t eneratlon. 

If a person 1s t oft_n enouoo 'yo. itivlsts ani 

oper tion'lists, th v onl re at ons ip~ between p' nom ne. 

_x t in n t 3, he rna 10S8 Lnter ~ _n t' a e reh. It 

illue ~ r~ ati l~ n to lor n CI. ;,r001 em \'Ih c' a 

solut1 'n - icn 1 ht h 1 to for -lorl - vi e- -, , an it 

o to work on prabl -hose ans ers ~ill help plQc_ i ta 

in t e corract col' o d. C ar't. 

he.. 0 el, .cr1 says, i.5" useful an in.,ie3 

U SCd._..J bI tool of thou_' t, in that it enables us to thlLk 
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about the unf ,-' liar':' tar s of t:_3 fa. iIi 1".'17 __ojel , 

o ev _1", r9 n ~rou bec'use" e a- be in to t~ u that 

t e re~ sent r ~ ~x ariencs in3~e i of sO~3thin_ in 1"1" j 

_rc ex eri nc ental oisls (con tructa), ri stc..t s, 

a a in orJ. 1" to Ip u leal ith physical tuations 

"eich ~ cannot x.3r1 nc throu h our senses. 

fter axa 1nin~ t" 0 9_8C1 1c mental moiels--str 35 in 

an _ aatic boiy ani the electrom ~netic f1 li--Br1i3 an 

-3c1i_3 that to .8 ar_ t10 ty e of 0 ls: t ose to whic 

o hy ic 1 perat':'on co~r~~ponj ot" r than trio a "hic' 

ent the "efinition, an- thoa wh ch "01 of other 

P 1" tion • S .J.i f nc_ :Cri g an str as is eviienc 

of ~ys cal jiffer nce. t --uari ainst thinkL 

tn t th .:3 oiels "iva actu 1 pict as of natur_ ani that 

the rese b e each other. The moiels "lhic a1 it of ore 

than one operatio ar n turally the more usef 1 n epeniable 

oj Is. 

?:1e importanc of r_l tiona 1ps can b brought for ar:i 

n cont~xt v ry fferent from Bri -manls or Frank' • 

It 1s ntri uin~ to folIo' toe iiver~in aths t·o inis 

", 1 folIo" after stc..rting at n i o"nt. " al:i. 

0110 one of th ge _ ths by ~x in n~ .Thitena~ . '8 phil sophy. 

7 
Ib ., _. 5;. 



G . ~ IX 

I H_ r ,.1 

oe not 

fln:i an ex minatio of the "hO\i ll anJ "/hy" of scientific 

h~ eT~lop nt of his in" iv ~ual 

hi o.hy. H_ ha a sli tly po itlvistic attitu 

i th h_ beli v~s he fru tful searc for aci~nce 

to be a 93 rc. for elationshi s a on.:; t:? thin~s '.;~ 

.". Ccnc30t 0'<> ture: 

th i ·eiiat th sls for j ~c ssion 13 that any
 
mataphy ical :lnt rpretation i n l11e itim't
 

mpo tatio into the philo ophy of natur 1 16~C3 

(physics). By a m_taph sic 1 int rpretat on I 
mean any i~cu~sion o~ t ~o a~l of t' e, y 
of thou t ani sens - vareness. 1 ' 

... n t' e comm~nt it i~ nierstani b ~ 

that, it h~ i b ins a i~c s_ien 0 the phllosophy 

of" natur ci nce I th j3 

i 3 perceiv = n n tur'e r - s .3 3 tar in1 of 

','1 h "fa t~'l of ob3er ation, n Wit. s)ecul ion • 

~ tory 0 n ture pon 'LLCh he i:;.ses i . 110 ophy 

~ t~e func~ion~l t eory; conseque. tl , he _0 ess 

tl ;; func tiono.l theor" I _ ilea ha L

to hat i perce:1v3 

1 
"teheaj, p. 280 
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h_ only fal ~fic~tion an~ 

eve - implific~tion ~CCur3 ~n per 0 mu t communica e 

ani crystdllize the 'pa 3 of -'l(1 tur::- l1 (tnat i.3 t .:: 

thin ~rc3iv_). It i3, t~e~s or , mo treason ble 

that· it he'. 1 ~llat 17 be ina to j1 cuss an is in 

thin s re t~ to sense a aren_s. Fo hi thia ia 

a isc salon of th real. 

itehe j firml bJ11eve that ilviiin n~tur3 

up i~to subj~ct an ob" ct 11 torts n t r. ne is 

v~r muc~ asaiU3t th thecri33 which 9ropoaa t1fur~atlon 

of nat ~. T:'il = tv func ti cnl.1.1 t Q!'y Vi=i'! S , 1hi teheaj 

~~liJ - th t jivilln ~atur3 into c&ueal nature ~nl 

ap ar3nt natu~= Ie s to sit ation 1n ~nich on is 

ob3ervin- o:!! thlng .Alti ~l i_ffe ent fro ~'hdt-:3 

~Q 1:3cri~in. n~ believes that 11 our theories ani 

lie ar= a vmp s a i_te~ lnln the C1 r cter of apparant 

t r_. ..e wlsh to 133cL'ib", h.t ,,'e s -. J not a causal 

orl h cn is for3va~ 3~Ut i~o~ our vision. He 8t~t~SJ 

II ,i3 may :irop t 13 t~r •""pp&r-.::nt I J for th r;:; 13 but on 

...n tur v - nature Th c 1~ before U5 111 )arcs....-tual 

,,2kno lei 

tur~ or : hi teh :l 1. hu ext . ",iv roc~ 

',' lch e ch ln 1 ljual le in part . ut not in '·lhole. 

vituer of n tur in ibltehe 1's ph losophy ,;lerc~lve6-
t:L~ "pa3 a a of na ura" or t ~ event, ani all ot2er 

lei],., ? 4 • 
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conc~ s r con truct~i fro, this - t'ty. ~lthou~h observ&tio~ 

oi t 

fic concs t mu t 03 riv i by a rocas~ of aba r~ction3. 

e~ ~lvas a vivl:t ill t!'ation a t'~e rOC...,S3 o_~ 

ab trac tl :1 Then he 1 s i cus~i 

of a moment is ~riv ro 3:n33-pe~ceiv31 time. ~e illu~trates 

thu;:j : 

t (tIm) seri s may tart. ith any arbitrarily 
assum iura iun of an temporal ten ion. but in 

6C9n ing the serie the tempor 1 ",xtension pro e iv~l~' 

con ract an t~ successive iur' tions ar~ ac e one 
ith the othe 1 ke th..., nest C oxes of a Chines 

to • J 

o ly l1ff _DC . at I' __n t- '-' C 1ne3e box ani t· i 

3e~ie~ 13 th t in unloin the C~in 8 DOX on- provre ses 

to r a jeflnite 1 mi. Going io the ti..., eri s on~ 

ioes not r~_cb 

towar a in initsl' small s~ctlon of ti --an lnst nt. 

e least f lsifyin_ ani f1r t bstr ction one mu t 

make f he is to devis sci_ntific concepts 1s to iiv~je 

the Ilpassa e of nature 'l or L1e ev nts into l1ff,erent clas 86 

81 ul an ousl- since they a~e s n~e at t~= ame ti • 

.3imultanai tT. ther3f ~!'a, has 0 ir _ct r =1.::, tion to ph sical 

constants 3UC~ U3 ~2~ 3pee In ccn-r"l::;ct~on 'T th 

se 

3 .... ,
loil .• p. ~.J... 
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this vi_~ of 8i ult ns ty ~1tehe j sa 3 t tnt r 

ocess -oJ • ch '_0;,,; us 

nl pas • i:.1~ ~ our s1mul tanei ty 3x13ts a3 5:L ',ul tane_ ty 

1::1 sy t_m ....: ic~:. _8 mo in an cha.n 1n in ~~1 lnexp lce.t.ble 

nner, we must 1ap 1 on t. immeiiat_ly iven to clas 1fy 

tL::'.g <::.cccrlin,.; to s1 ultaneity. 

T r~l~tivity of tim unier t 1 ph11030phy 1~ 'eriv2i 

from th_ fact that u to t~s complexity ani ~mbl 'ult of 

sa tim cat ·ories. ,n ehe ~ spea of 63V al lffe e t 

ab13 to i~cor.-orJ.t ~ th_ 1jeas of t~e yo 1 t v' ty t:-l ory T i hout 

in u 1n.:; Ll1... O'.m :Jni1odophic2..1 90s1 ion. In ~G.ch im y tem 

av_nt c.V _ ~ cert~ in uniform const nt r'=l tion 'i.. to ach 

t- _r '-hieh is c 1 pace, a t· _y contain certai permanenc9.::: 

~ hic . ar:: c 113 "a nse obJ-cta". 

aJJt~I ,'ite . j has _ nino, for t relativity of pace. 

contains space. 

"p C3 is, t" ref r , r_L.. t::'ve. 

e of th p' _10 ophlc 1 ·vanta as of hav1 

13 nj u on r lation - 1 3 betwee nts in iv n time 

sy t- rather th n u_on bits of m tter i that t:_ un formity 

T-~ 
rof s ace ov r on~ j stanca c n b mer son~' 13. ... -

Tl 

'. ;::. I101-1. , -~. -' . 
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h~ physic 1 theory .;er~ troul basic .:1 i.L' e ary bit a 

att'A' leterminej the metri s arou'1i it, Ion i1. tanc ~ 

aaaurament vouL b~ xtrenely ji ficult to rna ~o ne wouLi. 

~ me Burin..... throu h everr.l .iiffere:lt metrics. I·" lit hea IS 

funct· on' 1 th30!"} i;~ ;:.CC}_ tel one realiz3l::' that lIif the 

structure of a_ace in a ~lven time-s stem is cLnstant n 

un_ orm and 'nla~e~ient o' th~ s nsa 1at ani tleir contro~G 

:1 lch conatitute molr~ 0 "ects th u if rmity ani consta oy 

nec~ .~ for measurin~ exi t , notwith tanding the chan 

T:e rice th t is paii fa itehea I ex_lanatio of 

lon- jistance mea ure nt i that he ust a e 9f1) ita 

physical concept such s space, time an r~lativity depen.i 

a h v ue c c pt o~ ince r lativity 

c 1es from ambi -'ui ties in natur~, o' c n on toll hen 

(',,1 tivity xi.:>t n ho much relat vity 9xiat . Ti e in 

the p.ys c 1 t ear _s a iefi _te concepti but in ite ead.ls 

,! +. , ..,. ... 
J_ f..,phi oaophy h eco e f cult to han Ie. J.{" :l rives 

its me nin f 0 _ meiiatel iven simultaneity ani a moment 

OL it i an intan lble limit. 

~.~it heal uses a more or rivat~ Ian ua e \ hen 

e hay iiscoverei th~ meanln 

a I' a e of natu!".:;", " urat on" , \I ens -a 'araness' ani 

"a ar.::.nt natura ll 
• re vital to 1 

p_ • 10 p Y ani :/h _ '"'equire a 'ef1n_tion in lhi teh all s 

-
:> 

_0 tarop, p. 115. 
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t "e ~co.: a.ra 0 Ob~9 ts 

b!~cts re, i h 

,I .nent of n tur en io not pa s". ln all 0 n t 

is a proc9s ani -,-e ra ~ct al- a oar f passa ",:e C n 

r'5co ':liz t os t:_':'n L1 natura 1 not sh' r in the 

pasaa e of nature. ~~e e th ~~s 1hie~ 0 not pa~3 are 

~·:ea8ur~ ent, ba ic CO~C3P in physics ie9_nis on 

~C ':l ru nce. T:er~for the mport<::.nce 1 -. hi teheaj I theory 

f con !"ueTIe to s ph_losop_y of tura ~C ien e be~ 

-~ . . it~ha'j b iaves that a- t eory of con~ en -3 

/
ot a convention as oincc:o.ra "!ouli have _to t eor - 0_ 

con ru~nca, for -miteh ai, ie iv_ it~ meani~v fro nature 

it alf _' iapa on a t ear: of erp niicular, a tear 

par~l_el, n a th_o y of mot~on. It- i .. art nt to 

ot~ t t he be l~v_s hat sen ~- 1ar ness ~ V33 U Ie in~t.:: 

con:ruance a j, conoe l.lent y~ a efL :. t r1aasur y teo. 

: i outloo i.=. . tow ica functi Af' theor -,-.L C s_ T'" "',f_0 1'1 . n n 

~ .., ..--h t lithe rea " .l.;::> i l" funct'onal th~or , it 10 lc I~ 

ft."') ',) IIn t n s n e .L _v. C J. - ua.ce. --~ sa that h s ph 1080 h­

" oint ou'" t!le f ...ctor.;;) - . natura . ich i 81... ill the :11" 3 inenc 

• 3 n ....ruenca r_l t'oD over tje nf_n te ~erj c~ ot' e1" 

auch re1 a ions. II n rue con- ue C9 13 }ossl 1e 0_ U e 

p allel 

,e :'3co"'"'1iz 

p~rpenjlcular "lY -v . t sa,,'s , it __ai, u \I, .10 not 
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co niz other ~eo atrical relations. 6 

r~co lza p r 11 _ an otlon in thy :n asur ment 

1 ~an1 on con~ru nee; con~ruenc le enjs _ r~c ~ __ t~on, 

_ th immeiiatelv __ven associ tion 

s 1 ee~ )ercaivai bafor_ in ust 

the sam , y. ~ain a se_ that _itehe ' g philo~op_y 

ma~es a efin1te phys: . 1 cone t--measurement--ie en on 

an iniefi ita sensation • 

. niteh a IS theory rna b~ exa3p~rat n 1 b.,tr .~t,
 

ut t en it also has an ap ealin~ com leteness about it.
 

points ou t~at ~vei t~ . e analyzel into the t '-9 

f~ctor , time, ~ ace n1 materi 1 an t at often e ista r _nl r 

thin- a the~e t ee factor as in5 penjent. He deni", 

that f:....o tcr·.:J ;.r.1 osit j for u in s nse-a ar~ne9S 

in c ncrst iniepenienc a. 117 In t.li" ;ii sc' S.::>iO~1 the sow", times 

for otten f ct that wh6.t 'ie per'c3i.V? in nature is one un_t 

factor i m-.ie. over liv sion ~.ich 13 prav n le t in 

o )hil0 o_hl_ of sci~nc~ i3 attrlbut_l to formal teachln~ 

i lanvua~ "hic for canvan e' c'" te .ches us to express 

our thou:::; t n materlalivtic terms. Tais, niteheaj says,T 

a 9S U~ ten~ to for~at th tru_ unity o~ ab er ation.
 

r fr9s.in concern for th~ a i ty of experience LJ
 

shinin hi hli~ht of i itshe d's hiloso of hysics.
 

the valu 

., l.j. 7S. 
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bean 1 ~t in maze c_ ~etaph- ic 1 conce t 

ani mathem~tic 1 for~ulas. T. ill taphysic searcn :or aJ 

Ii no ' " and .11 n alO' l~j.....e s e tro e h'" c nc t ofII.. 

Y'v· 1ty by a __ in it to va u~ ani too far from _xpsr1anc.:;-. 

thematic' 1 form la ~h~n ta'en ~s the sic entity 

in n tu ~ as t e conC3 t of re lit in ~ tri~_~ are t 

of unmovable j ta_l.., •. 8 li y, 01"' .inltehe..... :l, is e. proc 89 • 

.. e must ~"e l' z he s y , that ,Ie overs mplify f· Isify 

rJali ty in or.~~r to li3cuss 1 t anj in or 81" to communlc te 

ani m.::.nipula te our ' .0"11 ~j e of t "e lit of n tur • 

;:)ince dnit3. aj bel_eve that ''9 C n n ver see al of th 

.roc3S , it _8 n t ur ri 'n that hi _xpresslons ani _ven 

hi wori contain a va ueness :-h c: t t s ma.~ 3 them 

umana eabl. T' 11J a o. x eri_nces u~ reajin 

,," i t_heai . s_ t' t .'-,1 t:::heaj h brou tone cl er 

to re 1 ty; th t on the ay t lnsl~ht one ha lost he 

3.'-oility to com:!lunico.te an handle '.15 new-found a ..l~j • 



CHAPTER X 

VARIOUS VIEWS ON THg WAV:ii:-PARTICLE 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 a graphic description of the dive~sity of individual 

philosophies. This illustration takes the form of comparisons 

of the philosophical views of several men noted for their 

contributions to physics, upon a single sUbject. The 

opinions of Born, Lande, Reichenbach, Bohm, Margenau, and 

Frank 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? Is radiation wave 

or particle or both? There are many different answers as 

we shall see. 

Max Born believes that both waves and particles have 

a 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 innumerable POSSible measurements certain 

types of measurment such as mass and charge have a permanent 

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. lIl 

The waves for Born, have reality because the square of wave 

functions describes probability. Probabilities must be 

real since we make real physical predictions on the basis 

of probability; therefore, waves have a reality and are 

not empty forms. Rorn states that waves are needed to desoribe 

a physical 9i tuation beoause they de,scribe the II state ll of 

an atomic particle. Born summarizes his feelings toward 

the subject by saying: 

~en in restricted fields a description of the whole 
of a system in one picture is impossible; there are 
complementary 1mages which do not apply simultaneously 
but are nevertheless not contradictory and exhaust 
the whole only together. 2 

Land' acoepts the unitary 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 particles. A-unitary particle theory is presented 
I I

by Lande. Lande, however, adds what he calls a IIthird 

movement ll 
• He says his aim is to IIcomplete Bornls Unfinished 

Symphony of description-pIus-an interpretation by a Third 

Movement, viZ., a realistic unitary particle explanation 

of probability interfe~ence and of other wave-11ke particle 

1 
Max Born, "Physics and MetaphySics", Scientifio Monthly,

82 (May, 1956), p. 235. 

2 
Ibid. 
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u3phenomena.. Lande
I

thinks that what we mistake tor waves ,
 
are really manifestations of partioles. The wave, for Lande, 

is essentially a statistical distr1bution of the density 

of a particle. Lande
/

states th~t the statistical interpretation 

which Born gives to waves leads to the idea that waves 

desoribe the behavior of particles and are, therefore, 

secondary to particles and lack their own reality. He believes 

the epithet urealll should be withheld from waves, and 

thus disagrees with Born. Lande
I

says that particles are 

real and. waves are not real tltor the same reason that sick 

persons are 'real', but wavellke statistical disease curves 

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

in ord.er to save the face of duallty.u 4 

Lande
I

agrees emphatically with Einstein's statement:­

liThe concepts of physics refer to a real external world, 

1.e. to things (material bodies, fields, etc.) which clalm 

real eXistence independent of perceiVing SUbj,ects. u5 'lUlls 

is the reason he feels justified ln talking about reality 

at all. He realizes that many philosophers of pqyalcs smile 

at the nalvetlt of USing the word urealll; but he believes 

a discussion of the wave particle controversy must be oarried 

on in terms of reality. 

3 
Alfred Land~, "Quantum Mechanics from Duality to Rea11ty", 

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

4
 
Ibid., p. 344.
 

5 
Ibid., p. 342. 
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t 
Reloaenbaoh does not agree with either Lande or Born. 

He says that every experiment whioh seems to require the 

wave interpretation can also be desoribed in partiole terms 

and that any experiment that seems to require the partiole 

interpretation oan also be desoribed in wave terms. This 

idea oomes from Reiohenbaoh's separation of the world of 

quantum physics into phenomena and interphenomena. The 

world of phenomena is, for him, made up of ocourrences 

such as the coincidences between electrons which are 

oonnected With maorosoopic data by a very short oausal ohain. 

The world of interphenomena i8 made up of occurrenoes 

such as the movement of eleotrons whioh happen between 

ooinoidenoes and which are oonnected·with macroscopio data 

by a long causal ohain. 

the wave-partiole controversy fits into Reiohenbaoh's 

world of interphenomena. He says, "Given the world of 

phenomena, we can introduoe the world of interphenomena 

1n different ways; we then shall obtain a class of equivalent 

d,esorlptions of lnterphenomena, each of which is equally 

true,."6 Arbitrariness of desoription is limited to the 

interphenomena world. The descriptions of the world of 

phenomena remain invariant. Bince the subject matter of 

the wave-partiole oontroversy is, according to Reichenbach, 

in the world of lnterphenomena, it is easy to see his reason 

for stating that both the wave and the particle interpretations 

6 
Re1ohenbach, ~. 23. 
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can be made for any given 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 in~eterminacy of the sub-quantum 

world; he believes that we just have not examined it closely 

enough. He has fa1th that upon further investigation a 

"sub-quantum mechanical 1evelll will be found. He. believes 

that each IIfundamental ll particle of physics is a body 

eXisting in a small region of space. Inseparably associated 

With the body is a wave which 1s assumed to be an oscillation 

in a new ty~e of field. The field, for Bohm is still represented 

by the Schr'odinger psi function, but tor him 1t bas a new 

meaning. The Schrodinger psi function is usually used as 

a symbol for the calcu~ation of probabilities; however 

Bohm sees the field represented by the psi function as a 

real entity capable of ~xerting a force. Between the psi 

field and the body (electron, proton, etc.) there eXists 

a new kind ot quantum mechanical force which can be detected 

only for the atomic level. The field force tends to pull 

bodies into regions where the value of the fieli 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 

significance ani which accompanies the particle. Bohm feels 

that his theory is compatible With all essential results 

of the quantum theory. His 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 
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interference pattern as wall as several discrete dots. 

Furthermore. the closing of one slit affects even the particles 

which pass through the other slit. Rohm's model yields 

this explanation. The interference pattern is producea 

by the waves associated with the electrons. Random motion 

and tbe passage of large numbers of bodies through the slit 

produce a statistical pattern of dots on the screen whose 

de,nsity is proportional to field intensity. liThe quantum 

forces. in other words. account for the concentration; the 

random motion accounts for the irregularity of the array 

of particle images. lI ? The etfect produced by clOSing one 

slit is explained by the idea 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 are neither particles nor waves. They are no more 

one or the other than they are hot or cold, red or blue. H8 

Because electrons and photons are not observed in the visible 

world, Margenau thinks that it 1s 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 Qiusality ~ Chance in Modern 

Physics, by David Bohm, Scientific American. 198-199 (January,
1958), p. 112. 

8
 
Margen&u, p. 321.
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nature of an electron. We know its charge, its ~ass and 

its path at times. We should not try to translate our knowledge 

into terms like wave, particle, red and blue. It is stressed 

by Margenau that,this attitude toward the wave-particles 

controversy is not an admission of our ignorance. He says, 

,IIWe mean to claim it as a posltive fact that an electron 

is nelther particle nor wave, ,and we deny that we donlt 

know what it lS. 119 The fact that intrinsically invisible 

constructs do not display visible qualities, Margenau states 

is not a source of amazement. It is evidence of orderliness 

and consistenoy. 

Frank calls the wave-particle discussion an lIapparent" 

problem. Hls philosophy has no place for the llrealu 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 

several different systems and the only kind of knowledge 

Frank allows ls observational knowledge. He says, IIWe 

could choose some physical world as belng especially 

•ulOsuitable, and 1esignate it as the 'real world , Harm 

for science begins only if 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 explain observations. He is perfectly 

9 
l.b1Q.. 

10 
':-"'11\ 1t'.J ". 1.11 • 
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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 wavas and that others interpret them as evidence of particles 

does not alter the relationships, and thus does not conoern 

Frank. 

These men have all seen the wave-particle controversy 

in a different light. They have all been consistent with 

their philosophies. They have not been emotional or vague. 

These men are all respected in their field. Each of them 

haa a valuable contribution to make to the discussion of 

waves and particles, and yet they do not agree. ThiS, 

accompan1&d by the array of ind1vidual philosophies that 

have preoed9d this ohapter, i8 convincing evidenoe for the 

assertion Which was made in the introduction that a philosophy 

of scienoe is essentially an individual.idea. Such ideas 

are developed by inspecting the various theories of nature-­

accepting them or rejecting them--and building upon tha 

accepted theories. The theories or nature always play some 

part in a philosophy of nature. Even persons such as 

Margenau and Jeans who begin the development of their 

philosophies of physics by investigating the nature or 
physical knOWledge, make definite use of either the phySical, 

functional or mathematical theory. Philosophies of physics 

are so individual that it 1s difficult to find a link which 

ties them together enough to enable a rational discussion 
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of these ph11osoph1es. The 11nk, though somet1mes not a 

strong one, is that they all employ the theor1es of nature. 



PART_III 

A GEN~L VIEW 



CHAPTER XI 

TH~ MOUNTAIN OF REALITY 

Iile have wound our way through the words. the illu'strat,ions, 

the implications) and the facts that make up the three 

distinctly different ways of looking at nature. The physical 

theory, the mathematioal theory, and the functional theory 

have thus been panoramioally 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 boay of thought that could 

be oalled ~ philosophy of physics. Sharp agreement and 

dim oorrelation can be seen as the individual philosophies 

are compared, but only this striking truth appears:: What 

is real for one man and for one age may be fantasy for another 

man anj 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 build. Even if a physicist's 

reality is 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 ana tabulating vast numbers of readings from 

voltmeters, barometers and other instruments of the laboratory. 
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F'or those of us who find unbea-l'able a universe wi thout 

an absolute which is beyond the vagrancies of human thought 

and human emotion, there is a oonstant pattern whioh emerges 

from the histories of theories of nature and the studies 

or the individual philosophies. This pattern is a pattern 

that shows reality ohanging in a cyolic manner, for an 

individual viewer. We discover that reality ohanges but 

that the pattern remains constant. The pattern can be 

the absolute r'sality for which we searoh. but it is not 

the reality of now. We only discover the pattern as time 

goes by. We do not see the whole pattern at anyone time 

and therefore we do not see absolute reality at any one 

time. We rely on belief to justify the eXistenoe of an 

absolute reality or a whole pattern. 

Both individuals and mankind as a whole begin their 

search for knowledge of nature on a low level where reality 

1s made up ot hard concrete objeots that one oan touoh. feel, 

and smell. This is the stage ot the completely physical 

theory. The path of an indivi1ual man toward knowledge 

ot nature is muoh the same as the path of mankind. After 

he has grasped the workings and interrelations of concrete 

objects, man Wishes to oonnect and manipulate his 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 his expression of his 

knowledge of nature. This is the stage of the mathematioal 

theory. Man soon sees that form alone oannot account for 

the dynamic nature around him. Mankind or man at this stage 
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may revert to the physical theory believing it 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 is essential. 

This process by which man iiscovers natu~e 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 certa1n times one becomes predominant and the others 

recede into the background. Each individual philosopher 

whose ideas we discussed 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 

given time. One particular theory may dominate; but even 

at the height of dominance of one theory aome 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 lithe mountain of reality". 

This "mountain of reality" can be thought of as the pattern 

we have discussed. ~~e mountain has three faces and a road 

that circles it while spiraling to its 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 
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the physical theory face of the mountain, proceed to the 

mathematical theory face and finally come to the functional 

theory face. ~ey go through the same cycle again and again. 

The history of science, thus, tells of mankindls progress 

up the "mountain of realityll. We cyclically return to each 

of the three definite views of nature and eacb time we 

return we have all the benefits of a more all-encompassing 

view. :r'rom high up on the mo·\1ntain the differences between 

the different views become hazy.~ This is why modern theories 

are not so easily and distinctly divid&d as were earlier 

theories. Although the "mountain of realityll does not Change, 

reality for mankind changas as he progresses up and around 

the mountain. 

The history of the development of an indiVidual, 

in respect to t~physical world. around him, is a history 

of an individualts progress up his own replica of the 

lImountaln of reality", and it is the history of his progress 

with the rest of mankind up the mountain. As a child, an 

indiVidual is on the bottom level on the physical theory 

face. He is like the early investigators 1n the history of 

mankind. He sees the world as a mixture of hard concrete 

objects and soft objects. As a child an indiVidual can 

think only 1n discrete terms, and his experience confirms 

the idea 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 ca.n be 

eaSily oonnected. He also finds that it is much easier 
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to express hls knowledge of the world with the aid of a 

formal sentence or a mathematical equation. When he gradually, 

,	 knoWingly or not, begins to think of the world as being 

basically like the expressions that state his knowledge 

of the world, he has come to the mathematical theory face 

of the mountain. If he becomes dissatisfied 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 arise 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. This requires 8. return to
 

the physical theory. The cycle, then, begins again.
 

The individual's progress up the Itmountain of realitylt 

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 a few circles on his own replica of the mountain. 

An individual ls, 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 reality-­

the whole mountain--can never be viewed by mankind or by 

individual man until he reaches the top. Histories help 

us to look down the mountain and see what has gone betore, 

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 h1story indicates 

that we are seeing "something" from different perspectives 

as we tra.vel. That "somethingll tor the people who need &n 

absolute is the unchanging reality--the mountain itself 

upon which we travel and of which (at a given time) we 

view only a part. 

The II mountain of reality" is a needed context 1n which 

we can comprehend the change of something that all our 

experiments. our senses. and our rational thinking has 

told us is real and fixed. In the scientific spirit 

we must believe 1n 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 a low level of sensibility we must usually admit that 

we merely belieye that there is an unchanging real nature. 

Only at certain moments do we know that this unchanging 

nature (the mountain) eXists. 

Since every individual makes his progress up the mountain 

toward developing a 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 

i8 a necessity if every individual is to develop a philosophy 
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which explains and describes hi! reality. The agreements 

in individual philosophies are reasonable since we are all 

viewing, from different perspectives, the same reality. 

In this context one can understand that in order to 

develop a philosophy of physics, one must first study the 

various ways of viewing nature which history has shown us 

in order to see elearly where mankind is on the "mountain 

of reality." The study of histories of various theories 

will show that mankindls developing a theory is: 

Rather like climbing a mo'untain, gaining new and 
wider views, discovering unexpected connections between 
our starting point and its rich environment. But the 
point from which we started out still eXists and can 
be seen, although it appears smaller and forms a 
tiny part of our broad view gained by the mastery
of the obstaoles on our adventurous way up.l 

A second aid in developing a philosophy is 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 IImountain 

of realityll. This gives our reality a broader scope, and 

we thus come nearer to describing 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. 

Onels 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 

1 
Einstein, p. 159. 
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introduction, a philosophy of physics is an individual attempt 

to understand. lach 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 is viewing the same reality from different 

perspectives, there will be some correlations between individual 

philosophies; however the reality that one individual is 

trying to comprehend 1s a reality which is not exactly 

like any other reality; therefore his attempt to understand 

reality, his philosophy of physics, will be entirely 

individual. 
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ABSTRACn 

The development of a philosophy of phySics is an individual 

task. One can be assisted in the task by an extensive 

study of the three basic theo,ries of nature--physical. 

ma~hematical and functional. Assistance also comes from 

a study of the manner in which other men have synthesized 

the theories of nature and their own experiences into 

philosophies of physics. 

A theory of nature can best be studied. by h.1storically 

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 basic 

entities in nature and describes phenomena in nature in 

terms of these basic entities. The physical theory 1s found 

to be the theory that is first developed whenever mankind 

or an individual man is faced With a seeming enigma in nature. 

It is the lowest level theory. 

The mathematical theory of nature, one finds, is the 

theory of static form, and 10g1cal structure. This theory 

takes form to be the basic entity in 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. 



(2 ) 

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, is an all encompassing theory. It incorporates 

both form and matter by making them secondary entities 1n 

a universe whose basic feature is change. If there is 

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 flnds, comes about 

trom man's inability to be satisfied with static form as 

the mode of expressing a world of sensed change. 

Atter a detailed investigation of the three basic theories 

of nature one has a perspective that i8 invaluable in his 

attempt to develop his own philosophy 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 a philosophy of physics is a man and men seem 

to gain clearer insight when knowledge is presented to 

them in the form of the thought processes of a fallow 

man. For this reason the person who wishes to form his 

indiVidual philosophy will embark on a 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 

and hoping that he will produce more universals than irrelevancies. 

Each man whoievelops his philosophy of physics is 



chained to the period, and the prejudices into which he 

was born, and each man through a 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 tact that he is a human being. He will 

not develop the philosophy of physics for there is no one 

philosophy of physics. Each man lives a slightly different 

life and views a slightly different nature. Each man's 

philosophy 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 is its purpose for eXist~ng. 
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