
\ 
! 

The Philos()pby ot Nature and 

Modern Soienoe: 

A Study of Motion 

A Thesis 

Submitted to the-Faculty


Of the College of Liberal-Arts of-st. Meinrad Seminary 

In Partial FulfIllment afthe Requirements


For the Degree of Bachelor of Arts 


James Franois Wasserman 
May, 1964 

St. Meinrad Seminary
College of Liberal Arts 
st. Meinrad, Indiana 



Preface 

Ph1los0ph1 of~atur~ occupies an tmportant part in the 

Thomistic synthesis, and, in the order of educational devel
- . 

opment, is prior to other philosophical considerations. Yet 

the philosophy of nature, if not outrightly rejected, gener

ally receives the least amount of considerati:on of all areas 

of philosophy_ 

The rise of modern science seems to have vanquished the 

philosophy of nature; at least many philosophers have accep

ted its demise in practice if not in theory. Basic contra

dictions between modern science and t he philosophy of nature 

are pointed-out. Yet the mind says there is but one material 

world and there must, therefore, be but one truth. 

Having some background in both science and the philosophy 

of nature and canvinced of the valueand importance of both, 

this problem seemed of especial importance to the writer. It 

was with the intention of investigating into this question 

that the topic for this thesis was chosen. 

The work bas been personally rewarding and it is hoped 

that the reader may gain some insight into this problem and 

its solution. 
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Ie Introduotion 

Sinoe the rise of modern soienoe in the seventeenth 

oentury a oonfliot with the philosophy of nature has raged 

usually to the latter's disadvantage. The reasons are many 

and varied. It is the purpose of this paper to provide a 

background in which these problems may be considered and the 

possibility of any solution be exploreda Two things will 

be basio to the inquiry; the nature of the two sciences 

and the proper relationships between them that follow from 

their natures& 

The inquiry will proceed along the lines of an empirical 

investigation to determine what is the case rather than to 

deoide what it should be. Accordingly both the philosophy 

of nature and soience will be taken as they are with no 

attempts being made to conform one to the predispositions 

or prejudices of the other. 

Tbe first step in determining their natures will consi~ 

in observing them a t work to see how they actually operate. 

The work of Aristotle, the founder of the philosophy of na

ture, will be studied as it is contained in his writings", 

Modern soienoe will be considered from the t ime of Newton" 

the founder of the physical-mathematioal sciences, as it 

has developed up to modern times ... 

With this background the discussion of the natures of 

the philosophy of nature and scienoe becomes muoh clearer. 

Conolusions as to their nature must follow and be in aocord 
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with the .sciences as observed in their operations in the 

second sectiono The basic principle governing the procedure 

in the third section will be to determine what scientists 

consider science to be and what philosophers consider the 

philosophy of nature to be. Each field will be accepted !.! 

11 i!. The basic validity of both the philosophy of nature 

and soience 
j 

is presumed and will not be considered as suoh9 
I 

The telationship between the philosophy of nature and 

science wi~l be investigated in the fourth and last section. 
i 

Conclusion~ here must follow from the previous consider

ations. Some of the "conflicts" and their origins will be 

discussed in the light of what has been determined about the 

nature of the two fie.lds and their relationship to each othere 

Philosophy of nature is used here to designate the 

branch of Thomistic philosophy called cosmology# which 

considers the material world. Psychology# or the study of 

living things# is not included. Science is used to desig

nate primarily the mathematical-physioal bodies of knowledge 

arising with Newton in the seventeenth century. The names as 

used here, have no significance beyond terminology_ 

Briefly then, the method will be to proceed from the 

treatment of motion by these two disciplines to implications 

of their natures •. The consideration of their natures should 

shed light upon their relationship to each other. At this 

point the difficulties and 11 conflicts" can be examined. 
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IIe Motion 

The Philosophl ~ Nature, Aristotle 

Background 


contemporary Philosophy and Science 

The area here called "philosophy of nature" had been a 

primary concern of Greek philosophers. While Plato, indeed, 

bad great influence on Aristotle, the latter articulated a 

philosophy of nature distinctly his own. 

Aristotle had to depend on sense experience and more 

especially his own sense experience for his starting materiale 

Scienoe, as understood today, was almost totally lacking in 

Aristotle's time. Beyond a few simple observations, there 

had been no progress except as regards the practical problems 

involved in living. Highly speculative theories were plenti 

ful and certa in older and erroneous theories were accepted 

by Aristotle and were used in the elaboration of his philoso

phy. Two important examples are the theories of geocentricism 

and the four elements. 

Consequently, Aristotle constructed his remarkable 

philosophy of nature based upon the principles of matter and 

form by observation and reasoning, starting with almost 

nothing except for what "knowledge lf was available from pre

vious thinkers. He developed and expounded his theory chiefly 

in the Physica and De Caelo. 

The Physics deals with more general considerations 

(motion in genera 1): flour first task will be to try to 
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determine what re1btes to its princip1ese"1 The De Cae10-
, 

considers more spe,cifi~ app1ics tions,, i.e. 10ca 1 motion. 
I 
I

In deriving ~is concept of matter and form Aristotle 

first observed change or becoming. He saw that something 
- i 

changed in every n~ecoming" If but something a 1so remained" 

"an unmusical man becoming a musical man. 1t2 

Now in all cs se s other than subs tanc e it is 
plain that there must be some subject, namely,
that which becomes. ••• . 

But that substances too:,; and anything alse 
that can be said'tobe' without qualification, 
·come to be from somersubstratum, will appear on 
examination. For we find in every case some
thing that underlies from which proceeds that 
which comes to be; .~.3 

Aristotle has arrived at the determined and determining" 

the principles, matter and form. "I say everything comes 

to be from both subject and form. 114 

The various forms of determining or the modes of being 

were classified by Aristotle in the Categories. Essential 

predication refe.rs to substance. Non-essential predication 

is either intrinsic or extrinsic. Quantity, quality" and 

relation belong to the intrinsic. The extrinsic is divided 

into what is common to all things and what is cmmmon to man, 

i.e. habitus. What is common to everything is predicated 

according to efficient causality, action and passion or 

according to measure, quando and illO!! 
On this basis Aristotle begins to consider the notion 

of motion in Book III of the Physics@ 
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Aristotelian Motion 

Sinoe Aristotle defined na ture as I1 pr inoiple of motion 

and change," motion must be understood for the oorreot under

standing of!nature or the material world. For thi~ reason 

he treats of motion in some detail. 
I

Then Aristotle prooeeds to classify things in three 

ways" ft(l) lhat exists in a statement of fulfilillsnt only" 

(2) what exists as potential" (3) what exists as potential 

and also in fulfilment ••• in each of the other moo es of the 

predication of being." 5 

Motion must ta ke 'PIa ce in things. n Aga in there is no 

such thing a s motion ~ and a bove the things." 6 Since the 

Categories according to Aristotle adequately divide all 

reality,,! all things" motion must then take plaoe with res
! 

pect to :the categories.nlt is always with respect to substance 
! 
I or to quantity or to quality or to place that what changes
I 

changes ~11 7 
, 

Ar,istotle then defines motion: "The fulfilment 

(aotivati9n) E£. .!!h!! exists potentially;" J8 J!Q ill as it 
I 

exists potentia lly, is motion." 8 Severa I examples are used 

totl1ustrate the definition. In the beginning an object 

actuall~ 
I 

cold is potentially hot. In the process of heating 

the object becomes hot but is not yet actually hot. The 

object ~otentiall~ hot is not in motion nor is the hot objecte 

Only the object imperfeotly heated, ordered to further act 

in the form of heating oan be said to be in motion. Thus 
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motion is an activation and the object in motion is partly 

activated in respect to the term of the motion, but still 

on the wsy<& 

Motion "cannot be classed simply a s a potentiality or 

as an s ctuSlity"9 or "privation lt as others have attempted to 

do. The only possibility remains the suggested definition. 

Local motion then is the actualization of an object 

according to the predicament, "ubi, It insofar as an object is 

not yet present to the "ubi" which is the term of the motion, 

but is "on the way" or "part way there." 

After presenting and explaining the essential defini

tion of motion, Aristotle treats of various directly related 

questions. 

Every physical mover, as it acts through contact, is 

itself a cted upon and therefore moved per accidens. The 

object in motion is moved per ~ 

The question was considered as to where t he motion lay, 

in the mover or the moved. The answer given is that the 

mover issuch because it actually gives, but it is the moved 

which receives the actuation. ttHence there is a single 

actuality of both alike," but considered in diverse ways. 

"For insofar as motion is from the agent it is called action, 

and insofar.as it is in the patient it is called passion. fllO 

In Book IV Aristotle discusses the r elated aspects of 

motion, place, void, and time. 

Place is lmown through replacement; where one object is 

now, another is later. That out of and into which they pass 
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must be something different from both. Place also exerts a 

certain influence, Aristotle concluded, jn that each of the 

four elements is carried up or down to its own or its natural 

place unless hindered. Consequently place must exist. 

Various observations and reasonings lead him to give 

place these essential characteristics: it contains, is not 

part of the contained, is equal to the contained, is separable 

from the contained, is distinguished according to up and down 

according to the natural places of things. 

By proposing and rejecting various definitions he con

cludes that "~ innermost motionless boUI'ieary of what contains 

II Place."ll Place must be considered because of a special 

me of motion according to space or the predicament, Itubi." 

He then concludes that past the middle point between 

earth and the edge of the universe is tlup" and below the 

midpoint in the direction of earth is "down .. " Further, "If 

then a body has another body outside it and containing it, 

it is in plaoe, and if not, not." 12 Therefore everything 

which is in place (contained) is subjeot to motion. 

After much discussion and analysis, time is defined to 

be the measure of motion. "'llime is a measure of motion and 

being moved, and it measures the motion by determining a 

motion which will measure exactly the whole motion, as the 

oubit does the length••• ,,13 

In Book VIII Aristotle considers the species of loco

motion. "The motion of everything that is in the process of 

locomotion is either rotatory or rectilinear ••• '.14 
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Rectilinear motion since it is subject to contraries, up and 

down, forwards and backwards, left and right (the coordi

nates of the sphere of place) must stop to reverse direction 

and therefore cannot be continuous. 

Rotatory motion, hO"'lever, is continuous, "for rotatory 

motion is a motion of a thing from its place to its placeitlS 

rectilinear motion being from its place to another place. 

Only for rotatory motion does the starting point and term 

coincide, and so this is the only perfect motion. 

Further, rotatory motion is the primary locomotion 

being simpler and more complete. Rotatory motion can be 

eternal, but no other. Rectilinear motion cannot reach its 

starting point except by turning back, in which case there 

are two motions. 

Aristotle also considers the phenomenon of momentum, 

how a thing continues in motion when the mover has ceased 

to move. His solution: 

the original movement gives the power of being a 
movement either to air or to water or to something 
else of a kind, naturally adapted for imparting 
and undergoing motion ••• The motion (of the 
object) begins to cease when the motive force 
produced in one member of the consecutive series 
is at each stage less than that possessed by the 
preceding member, and it finally ceases when one 
member no longer causes the next member to b~6 
a movent but only causes it to be in motion. 

A series of consecutive movers is postulated to explain the 

continuing motion of an object. 

In the De Caelo Aristotle considered the universe 

composed of heavenly and sublunary bodies. He practically 

-B



deduces the necessary character of the entire universe as he 

knew it. Some of the more interesting and pertinent details 

are the following. 

The heavenly bodies were essentially different from the 

sublunary and were comnosed of a fifth incorruptible element0 

This followed as a conclusion of and explanation for the 

eternal, changeless motion observed in the heavenly bodies. 

He says, "then there must necessarily be some simple body 

which revolves naturally and in virtue of its own nature 

with a circular movement. nl7 As simple bodies theyare not 

subject to generation or corruption. 

All sublunary bodies have levity or gravity in pro

portion to the relative composition of the four elements. 

Much earth increased the gravity;. fire on the other extreme 

makes for levity with the other two elements in between. 

This is the basis of natural and violent motion and natural 

place. 

The natural place of heavy bodies is down, that of light 

bodies being up. All tend by nature to their natural place. 

Such motion is natural motion. Violent motion is character

ized as motion away from natural plaoe because of some 

hindering force. "For naturally a thing moves inane way, 

while its unnatura 1 movements are manifold. n 18 

Aristotle had some concept of certain proportions 

involved between the various factors in motion., 

Thus the bas 1c dynamic farmuJa which we might
deduce from the scattered statements of Aristotle 
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is the "speed is proportional to the ratio of 
the motive force to the resistance (of the medium), 
nrovided the force is sufficiently great to 
~vercome resistance and produce movement. 1I 1~01A1 
suupose that we had a natural movement in a 
vacuum. The density of the medium would ob
viously be zero and thu~ the movement would take 
p la ce instantane ous ly. 1':1 

Instantaneous motion according to Aristotle was a contra

diction and therefore a vacuum did not exist. An additional 

implication: 

He also remarked that the speed of a falling 
body would be proportional to its weight, and that 
it would increase as the body was further removed 
from its point of release and came closer to its 
natural place. Hence the velocity would be 
proportional to the distance fallen. 

This in outline is Aristotle's consideration of the 

phenomenon of local motion, its basis or nature and related 

implications. He has proceded on the basis of others' 

and bis own elementary observations or experience. 

In many instances it is clear that the conclusions 

drawn from unprecise (that is not to say false) sense ob

servations or experience are incorrect. At Aristotle's time 

no changes had been observed in heavenly bodies. There were 

no accurate means to measure time or accelerations, etc. 

Further, Aristotle drew no distinction between philoso
: 

phy of nature and science iri. the modern sense. He simply
i 

proceeded from the genera 1 to particular using what ob

servations and reasoning was necessary t 0 draw his con

clusions. 

-10
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Motion -- Science 

!Introduction 

Physics, the study of motion (at its inception), began 

with Kepler and Galileo in the seventeenth century. The 

early successes in this field consisted as much in over

turning preconceptions and prejudices from earlier times 

as in positive contributions. 

Isaac Newton in 1687 published Mathematical Principles 

of Natural Philosophy. Newton following upon the contri

butions of others, Kepler in particular, arrived at the basic 

laws of motion of classical mechanics which he expressed in 

this work. His work was extended successfully to man~ other 

phys ica 1 app lica tions • 

Until recent times his basic conclusions went un-. 

challenged. Modern developments, however, show that these 

laws of motion are inadequate to explain the cosmic and m1cro

levels of nature. Relativity and quantum or wave mechanics 

respectively have replaced Newton in these areas. 

These threeaevelopments are considered belOt~ to see at 

first-hand how science actually operates and reaches its con

clusions. 

Newtonian Mechanics: 

In Mathematical Principles of Natural Philosophy, 

Newton defines various concepts, establishes laws, scholiums, 

-11



lemmas; and proves theorems in a manner similar to the 

foundation of any mathematical system. He describes his work 

and aims: 

But our purpose is only to traoe out the quan
tity and properties of this'force from the phaeno
mena, and to apply what we discover in some simple 
oases as principles, bywaioh, in a mathematical 
way, we may estimate the effects in more involved 
cases; for it would be endless and impossible to 
bring every partioular to direct and ~ediate 
observa tions. 

~le said E! !. mathematioal wa:y:, to avoid all 
questions a bout the nature or qua lity of this foroe, 
whioh we would not be understood to determine by

2any hypothesis; ••• 1 

Among the definitions at the outset of Book 1, a very 

important one oonoerns what is termed momentum (which Newton 

considered motion in the proper sense. 22 ) uDefinition II. 

The quantity of motion is the measure of the same, arising 

from the velocity and quantity of matter oonjunctly.,,23 

Newton's "Axioms: or Laws of Motion" tollows the in

troductory section. !fLaw I. Every body~rsevenes in its 

state of rest, or of uniform motion in a right line, 

unless it is compelled to change that state by torces 

impressed thereon. n24 "Law II. The alteration of motion 

is ever proportional to the motive force impressed; and is 

made in the direction of the right line in which that force 

is impressed." 25 "Law III. To every aotion there is always 

opposed an equal reaotion: or the mutual actions of two 

bodies upon each other are always equal, and directed to 

contrary parts. n 26 

On the basis of these definitions and laws arising fromo 
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his own empirical experimentation and observation and that 

of others he considers the centripetal (directed to a center) 

force of gravity. By gravity he meant any attraction by 

which bodies approach each other. The centripetal force on 

a stone whirling on the end of a string is ultimately 

generalized to the law of universal gravitation prevailing 

over the earth, sun, and stars. Hederived by analysis 

that the centripetal force of gravity is inversely propor

tional to the square of the distance between the objects. 

In Book III, Newton laid down four rules of reason as 

a part of his method and a s its jus tifica tion {the 1a st being 

against the purely hypothetical speculation of Descartes 

which was in vogue on the continent}. 

1) Admit no more causes of natural things than are 

true and sufficient to explain the phenomenon. 

2) To the same natural effects we must as far as 

possible assign the same causes. (uniformity) 

3) Qualities of bodies which admit of neither intensi

fication or remission and which are found in all 

bodies are to be esteemed universa 1 qua Ii ties. 

4) We should hold truth established by induction 

until further perfected by induction or exceptions 

are found ... 

The development of his laws of motion was based upon 

the following concepts;a s Mute Capek, points out: 

lJ That of substantia 1 corpuscular entities preserving 

their identity through time. 27 

"'" 
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2) That of snace, which, while it contains material 

corpuscles, remains distinct from them and does not 

participate in their motion, r~maining in Newton's 

words, always immovable and selfo identical.e8 

) That of homoge~us time, whose function with 

respect to motion is comparable to the function of 

space with two bodies; it is an unchanging 

receptacle of motiom, "space of motion, It as 

Barrow said. 29 

4) That of spatiotemporal continuity of motion, which 

follows directly from the homogeneity of both space 

and time, and which guarantees the possibility of 

identifying corpuscular entities in different 

points in space and dift'erent instants in time.)O 

Newton's work based- upon the above postulates, concepts, 

etc. which he perceived by empirical observation and experi

mentation form the basis of all classical mechanics. Newton's 

theories of motion were generalized to include many other 

classes of phenomena. 

The following section will outline the treatment of 

motion in the classical sense presented in the typical college 

text of physics.)l 

Examples of various types of motions are given, such as 

a fa lling cup, boy on a swing etc. In the course of the 

discussion ea ch type of motion is ana ly~:ed into its own 

particular mathematical description. 

Uniform motion in a straight line ma be expressed 
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"V llas Y::~ where Iltll is elapsed time, the velocity and nsll 
"'I; 

the distance traveled. 

Acceleration is the time rate or change or velocity and 

is expressed q ~ "~'!.a where "a" is acceleration, "vltthe rinal 

velocity, and ttv "the initial velocity. The average velocity 

is expressed.t = '!eiV 
• By multiplying the two equations and 

simplifying: Vii = vod. .j.~as From the rirst equation V:: vj)+c:ri> ,• 
and by~:substi tution ror Ilv ll in the second equation: S :vol; +~ata. .. 

These are the basic equations of motion considered in the 

~ntroductory text. 

Applying difrerential calculus, a ma·thematical tool devel

oped by Newton, mru{es the mathematical expression much easier 

to consider.' The law or motion may be represented by the func

tion, r(t) s. The 'first derivative, D1r(t) is equal to the 

instantaneous velocity at time litH, and the second. derivative, 

D?f(t) equals the acceleration. Given one of these expressions 

and the conditions at a given time, all of the other conditions 

at any time can be mathematically derived. 

Motion is a vector quantity or quantity in a particular 

direction. ~fuen a number of forces in difrerent directions 

act simultaneously, one resultant force is produced. The 

resultant force may be calsulated in various mathematical 

procedures. 

In projectile motion t'l.'10 efrects must be considered, 

the rorvrard motion and the motion toward the earth due to 

the acceleration of gravity. Mathematically the resultant 

motion is analyzed into its horizontal a.nd verti~!=ll ~(,)l1m(WlA'l'iic~ 
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which are considered separately. 

With this introduction to simple motion, dynamics are in

troduced. This includes force, momentum etc. Statics follows. 

Newton's laws are expressed mathematically: the second as 

net F mawhere "F" is force, limn mass, and "at! acceleration. 

These laws are explained and applied to problems by means of 

the mathematical expression for simple motion. 

Much of the rest of the matter considered is an elabo

ration or derivation from these laws and relations. The 

equations governing circular motion, simple harmonic motion, 

the general gas law',.,can all be derived from the basic 

equations. 

In general, the study of additional topics follows in 

a similar::'manner.. The forces, motions, etc. are consi

dered quantitatively and expressed in mathematical rela

tionships. These equations are then applied to particular 

problems to bee·solved. 

ggantum Mechanics32 

In the nineteenth century Newton's laws had been 

extended to many fields including phenomen~ on the atomic 

scale. Despite the sacrosance character ott: these laws, it 

becrume clear that many phenomena of the atomic scale could not 

be,::explained wi thin the framework of Newton's system. 

Black-body radiation, which did not follow the postu

lates of classical mechanics, gave birth tothe new mechanics 
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of atomic phenomena. To explain the distribution of radi

ation of various frequencies P.lanck found it necessary to 

postulate the quantum. Electromagnetic waves are emitted 

and absorbed only in units of energy equal to h x v where 

tth", "Planck's constant, is 6.624 x 10-27 erg. and ltv" the 

frequency of the wave. Using the same principle the 

photoelectric effect and variation of specific heata was able 

to be explained. 

Niels Bohr used this theory to explain the structure 

of the hydrogen atom. The spectrum of hydrogen was composed 

of series of certain frequencies. By making certain pos

tulates about the atom's structure, the spectrum could be 

explained as the energy difference between orbits emitted by 

the electron in passing from one orbit to another. 

The basic postulates: 

1) The electron of the hydrogen atom revolves around 

the nucleus in a circular path or orbit. 

2) The angular momentum of the electron equals 

(h/2Tf)n where IInft equals 1,2,3, ••• 

;;) The electron loses no energy in moving in:lts 

orbit. Loss and gain of energy is due to a 

change of orbits. 

However, the inadequacies of the theory soon became 

clear. Besides the arbitrary character of its postulates, 

the theory proveg incapable to expla in much beyond the a imple 

hydrogen atom, molecular bonding, larger atoms, etc. 

In 1924, de Broglie proposed a wave-particle duality 
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for matter. From this time the modern wave mechanics developed 

very rapidly. Heisenberg in 1925 formulated a system of 

quantum mechanics in terms of matrices. In 1926, Schroeding~ 

proposed a differential wave equation. This second mathe

matical treatment is generally accepted and used at the 

present, ohiefly because it is easier to consider. 

A very simplified form of the equation would be Hfz Eo/. 
ttHt~ is the Hamiltonian operator and represents a set of 

operations to be performed on nf" in much the same way as 

"+" is an operator. The probability of finding the electron 

in a particular position equals 'I'~& The energy of an electron 

in a particular level is represented by nEil This equation 

is basic to all wave mechanics in much the same way as F.= rna, 

Newton's second law, is basic to his mechanics. 

This basic equation can be used theoretically to 

represent the sta te of the electron in any state of con

ditions by means of suitable alterations. When describing 

the electron ina relatively simple three dimensional potential 

box situation the equation in the long form becomes 

s;t (\~~ +ry~ + d":z.tj+y(lI,Y,Z)= E. r 
In practioe, however, the mathematics necessary to solve the 

equation beoame so complicated that no attempt has been made 

to apply the equation beyond the simpler cases. 

The square of the "\fit-function as mentioned above 

rep-resents the probability of finding the electron in a 

partiiblila:r:place. Consequently, f .rJ (r)~x.dy d:z.=/' the 
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probability integrated (added) over the three dimensions 

will be unity. 

More recently Jordan and Dirac have proposed the 

Transformation Theory. The Schrodinger wave equation is 

interpreted as representing the probability amplitude of an 

electron in a position when its energy is known. 

While the probability of being in a partioular place 

is considered, there are no funotionsto represent simul

taneously the proper position and the probable' momentum 

or velocity of a wave-particle¢> Heisenberg has expressed 

this as the Unoertainty Prinoiple whereby knowledge of 

position is inversely proportional to knowledge of velocity. 

This follows from the limitations of observations. Any means 

(light waves eto~) used to observe such atomic phenomena 

will affect what is observed. 'l'his then is the physioal. 

basis for the probability of the mathematics. 

On the maoro scale such statistical probabilities do 

not have to be considered because observational limitations 

or the difference from averages of massive aggregates and 

what would be Ifabsolute il are such as to be negligible and 

unmeasurable. Physically the probability of the wave

particle "nature ll of the electron is interpreted as electron 

density and is pictured as a cloud enclosing the nucleus. 
of'The graph~electron density ~ probability) of an electl.. n 

in a 1s orbita 1 would be ~Y. The 2p electron -- ~ • 

and so oil. 
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The disoontinuity of spaoe and time (or phenomena 

disoontinuous in spa ce and time it may be argued) are a Iso 

physical implications of the mathematics. When a quantum 

or photon is emitted by an elec~ron, the mathematics implies 

an instantaneous motion to an orbital of lower energy. There 

is no allowance for the gradual formation of the photon 

as the electron is passing to another orbital. This dis-
was

oontinuity aSAthe probability is negligible on the larger 

scale. These effects cannot be observed when a large aggre

gate of atomic phenomena are considered together. 

Bedause of these considerations many would consider 

quantum or wave mechanics as the basis or natural phenomena 

'''hieh on the macro scale simplify (through the averaging of 

great aggregates of atomic phenomena) into the more familiar 

laws of Newtonia~ mechanics and ordinary experience. 

Relativit;r: 33 

The Speoial and General Theories of Relativity repre

sent a great synthesis of a tremendous number of facts in 

electrodynamics, hYdrod;h~r),~~S e lectricity" etc. By means of 

relativity a number of phenomena, baffling to previous sci

entists, have been explained. 

Various reatures and predictions of the theori~s have 

been experimentally checked and have confirmed the predictions 

or deductions which had been made. 

Einstein's theories of relativity are almost entirely 
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( mathematical and While successful in its synthesis, is 

questioned as validly representing objective reality, as 

being something more than a purely mathematical system. 

Because of the complexity of' relativity due to its 

mathematical nature, the treatment here will be limited to 

a cursory consideration of' the most important conclusions 

and implications of the theory. The mathematical reasoning 

behind the story will not be considered, but it should be 

remembered the mathematical reasoning is there. 

Special Theory: 34 

The speoial theory of relativity was primarily oon

cerned with the correotion of the diff'icultiesin measuring 

the position and velocities of objects. 

The "ether" considered by scientists in the nineteenth 

century, was a desoendent of Newton's absolute spaoe. Both 

coromodities, if' not fiotions" prove.d unknowable to science. 

Miohelson and Morley, two Amerioan physicists, wanted to 

determine the speed of' the earth through the ether& Taking 

advantage of' the earthts rotation, they measured the velocity 

of light when the observer is moving toward and away from 

the light source. They had expected the velocity to vary, 

but it did not. 

Lorentz and Fitzgerald to explain these negative 

results proposed that bodies oontract in the direction' of 

~ts motion ju~t suffiCiently to account for the constant 

velocity of light acoording to Iv = lo[l-~where no" is the 
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 speed of light. At small velocities the effect is neg

ligible. 1!Jhere v~c,) Iv-}O • A related equation, 
me 

I1J v :: .JI-%.:I., where V---+ 0, the mass in motion approaches 

infinity .. 

A related consideration is that of absolute time. 

There is no way in which two observers at different places 

may synchronize their "clocks." Since the velocity of 

light is not infinite, a time lapse would occur between 

obse'rver ~nd the observed and prevent synchronization 

between different locales. Time, as mass, is affected by 

great velocities and approaches zero as the velocity approaches 

that of light. Con,sequently "clocks lf synchronized in one 

looale upon being moved, i.e. acquiring velocity, wou'ld lose 

their synchronization. Consequently the concept of absolute 

time is not va lid. There are simply '~local It times in the 

root sense of the term. 

Einstein applied these considerations to X-ray radiaticn 

and photoelectric phenomena and his predictions were con

firmed. The increase in mass at great velocities 1s "that 

the electron picks up energy in its aoceleration and that 

this energy is converted into mass." 35 These considerations 

are an application of E=mc 2• 

The special theory of relativity, considered above, 

is a theory of measurement whose basic feature are the con

stan~ of the velocity of light, the lack of an absolute 

frame of reference (motion is relative), and the relatian

ship or equivalenoe of massand energy • 
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General Theo:;:;r: 

The general theory extends the relativity of time, 

space, etc. to the entire universe. What is the basis 

of measurements on this scale? 

The more important conclusiom in sequence (less the 

underlying ma thematics) are as follows .. 

The universe must be finite or otherwise the force 

of gra.vi ty would be infinite so that matter would be radiant 

energy according to E::.mc 2 and the universe would be a blaze 

rather than composed of bodies. 

Matter i~ distributed randomly rather than uniformly 

in the universe. Since Euclidean geometry is based upon 

uniform distribution, the validity of it and Newtonian 

mechanics based upon it is questtoned. 

Beoause of random distribution of matter, there are 

denser and rarer locales. Gravity, which Einstein considered 

a function of position, would differ according to locale. 

The concept of universal gravitation then gives way to local 

gravitation. In locales of greater gravitation the action 

of matter is predicted to be proportionately slower. Spec

troscopic studies of the sun and stars have confirmed this 

prediction. 

This seemed to verify the theory that curvature 

geometry best described the distribution of matter; that 

a curved line (rather than a rectilinear) is the natural 

path. It must be remembered that on the ordinary scale 

any difference would be indetectable. 
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The previously detected and unexplained rotation o~ the 

elliptical orbitt~o~ Mercury con~lrmed the theory. The gravi

tational pull o~ the sun accounted ~or the bending. Jeans 

suggested the bending o~ light o~ the stars passing close to 

the sun to be')measured during an eclipse as a test o~ the 

theory. This was also con~irmed. Had universal gravitation 

held true, lighn~~illowing the line o~ least resistance 

would travel in a straight line. 

Universal Field Theol:Y: 

The consideration o~ local gravitation led Einstein to 

his univer·sal ~ield theory ~irst proposed in 1949. He "con

cluded that gravity is constituted by a body as its sou~ce.1136 

Sinceethe ~ield is constituted by objects, space is not 

responsible ~or the position o~ bodies. On the contrary, 

space is the e~~ect o~ the position o~ bodies. 

Implications !2£ Local Motion:37 

Relativity ~uses the concepts o~ space and time into a 

single continuum. The 8 analogy o~ a right triangle with 

hypotenuse~ r, may be used. "R" may be considered as the 

objective distance between two events in the space-time 

continuum with Ila ll and "bit (the other sides-~o~ the triangle) 

comparable to space and to time. Their relationship, 

r2 a2 b2 is such that "rll, the obj~ctive distance, remains 

the same while 1Iall and "bllLor space and time.may vary. 

Tim a ~ourth dimension. 
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( 
Einstein's field theory was generalized in such wise 

that the concept of well-defined localized thingnood had 

to be reconsidered; 

matter became a local derormation of the spatio
temporal medium. More accurately what was called 
a material body is nothing but a center £! 1h!! 
deformation; the deformation itself spreads out 
10 all directions with decreasing intensity, pro
ducing thus the phenomenon of gravitational and ••• 
electromagnetic fiel<h 3tj 

Now the radical transformation of Newtonian motion 

can be seen. Newton's basic postulates have been challenged: 

"thinghoodn preserved in motion; space the absolute, separate 

container; homogeneo~time; spatiotemporal continuity of 

motion. "It makes no sense .to speak of a movement of material 

parts as a transport of things; what takes place is a 

traveling process of condensation comparable to the movement 

of a wave in matter (by way of a rough analogy).n39 

Motion in the classical sense had been transformed 

completely. Motion was not of something or in something, 

but simply a motion. In one region a spatiotemporal dis

tortion disappears or is reduced and appears in a neigh

boring region whose curvature was originally nregular.1t 

It shou Id be noted, however, tha t the 'I'heory of 

Relativity on the terrestial scale, the world of (relatively) 

slow speeds and small distances, simplifies to Newtonian 

mechanics as is evident from the few equations presented 

above. Newtonian mechanics can be considered as a special 

case of the Theory of Relativity which goveraB the world 

of ordinary experience. 
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IIIo The Nature of ~ Philosophy £! Nature 

~ Modern Science 

Before any discussion of the relationship between 

the philosophy and the natural sciences, the essential 

characteristics of each must be known. The previous dis

cuss ion of motion as treated by Aristotle and by modern 

science has already shed some light on the problem insofar 

as the operations of the two sciences in action has been 

observed along with some of their conclusions. 

The modern sciences will be considered f:i.rst because 

it is the more familiar of the two to the modern man and the 

consideration of the philosophy 0f nature as a separate 

field becomes simpler. 

Each science will be oonsidered primarily from an 

emptr-lcal basis, what it actually is and does, rather than 

from any preconceived views as to what it should be or should 

do. 

The Modern Mathematical-Physical Sciences 

The question here is what does the scientist consider 

his science to be and to do. Philosophical considerations 

will be offered a s they follow from this. 

Accordingly then, what do scientists say of science, 

when introducing science as a certain discipline to other 

scientists and the student? 

Various introductory physics texts were examined. 
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FollovJing are several typica 1 introductions: 

In order to formulate valid relationships be
tween physical quantities, accurate measurements 
must be ~ade. Thus physics is a qualitative
science.40 
In making measurements of physical quantities, 
we ordinarily perform a series of operations
which involve the comparison of an unknown 
quantity with an accepted standard of the same 
kind.41 

In a second text; 

It is the function of science to correlate 
precise mea;surements of physical quantities.
By such co~relations basic laws are discovered. 

Physics deals mainly with the more funda
mental a~pects of energy and non-living matter. 
Physical krtowledge comes to us through the ap
plication clf scientific methods: The gathering 
of data, fdrmulation of hypothesis~ and testing

Iof hypotheses by means of controlled experiment. 
Mechartical quantities are expressible in 

terms of t~ree fundamental dimensional quantities 
such as m~ss, length, and time; or force, length,
and time.43 

Later he continues; science answers the question UWhat is 

matter?nby describing its properties such as inertia. 

An yet again in another text? 

The laws and facts of physics are concerned 
broadly with matter and energy, together with 
such related quantities as force and motion. 

A definite knowledge of natural phenomenon,
and of the precise relations between them, is 
based upon experimental information concerning the 
quantities involved •••• Clearly, the evidence 
obtained must be quantitative in order that it 
may have definite meaning. Evidence of this type
1.s obta ined by mea surement, one of the most, 
important elements in all scientific work.44 

The basic elements mentioned above are four. The 

subject matter of this science is the material world. Science 

starts or begins with the material world. Secondly, the 

science ~s quantitative (mathematical?) in its nature. 
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Third, general statements (given many names) are formulated 

to explain or relate the quantitative aspects observed of 

the material world. Lest, science returns to the 'material 

world, to scientific data, for verification, to test its 

general statements. 

The discussion of II scientific" motion illus~rates 

these principles very well. Newton and later scien.tists 

who were to supercede him began with observations of the 

phenomena of the material world either directly or in-
I

directly .. Ultimate'ly, whether proceding from their own 

observations or ot,ers, the ultimate source of their 

scientific work came from observ~tion of material phenomena. 

The phenomena are such that they are quantifiable and are 

able to be measured. These particular data are the starting 

point of science. 

The quantitative or mathematical nature 'of science is 

most obvious. Observations are expressed immediately in 

mathematical terms. Hence it is that science attains the 

material world under the aspect of quantitative phenomena 

or better "quantifiable" phenomena. Relativity and quantum 

mechanics ha ve been a lmost complete ly "ma thema ticized. It 

Biology too may soon be a mathematical science. Middle terms 

of science are math.ematical or at least expressed mathe

mstically. 

The general statements of science have been discussed 

widely. Various names have been assigned to these state

ments generally according to the degree of their verification, 
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l'roo"eding from hypothesis to theory to law. This is not of 

oonoern here. The validity or value of these general state

ments is of importance and will be treated belowe 

These general statements arise in two ways. The data 

observed by science may suggest a certain conclusion or 

general statement or it may present a problem to be solved. 

The former case may be well considered as Bacon's induction. 

By sufficiently correlating and juggling the pieces of data 

they will fall into place as a scientific law. The latter 

case is most often the matter of facts in modern science. 

In answer to the problem presented a tentative general 

statement or theory is formulated. The theory or expla

nation is much broader and more universal than the scientific 

data leading to the problem. The theory is not so much 

deduced from the data of the problem as it is a product of 

the mind. For example, this is precisely the situation of 

Bohr and the spectrum of hydrogen which he attempted to 

explain. In either case these laws or general statements 

must be verified. 

The verification is for science a return to the 

material world which was its source. Deductions are made 

from the general statements proposed. These deductions or 

predictions are tested experimentally. Additional sci

entific data is gathered and compared to the predictions 

of the general statements. Pata in disagreement or un

explained by the theory or its predictions disproves the 

theory and vice versa .. 



/ 

Einstein's theory of relativity is an example or the 

case in point. Predictions logically deduced from his theory 

such as the bending of light, conversion of mass and energy 

have been. tested and conrirmed. 

The question of the validity and value or worth of 

the general statements or scientific theory must now be 

discussed. 

The last thirty years has marked the beginning and 

development of the "operational" approach to scientific 

concepts and laws. The approach is now generally though not 

universally accepted in science. 

P.W. Bridgman has been the originator and chief 

exponent of operationalism and his point of view, repre

sentative of the approach, will be outlined here. 

Its origin lies in the tremendous scientific revo

lut:t.on of Einstein and the theory of relativity. Concepts 

of Newton and classical science such as absolute time and 

space were overthrown, as was seen above. These concepts 

had long been endowed with reality or entity. Their demise 

necessitated a complete readjustment of scientific thinking 

in regard to the validity and value or concepts and general 

statements or theories of science. Bridgman remarks: 

there can be no doubt that through these theories 
physics is permanently changed. It was a great 
shock to discover that classical concepts, accepted 
unquestioningly, were inadequate to meet the actual 
situation, and the shock of this discovery has 
resulted in a critical attitude toward our whole 
conceptual stf~cture which must at least in part
be permanent.4o 
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The basic principle of the new "critical attitude" 

according to Bridgman equates the concept or law with the 

set of operations, the measurements, fnom which it took its 

origin. It is no more and no less than the correspon~ing 

operations. The concept is as general, as valid, etc. as 

the related operations. Bridgman says, "the concept is 

synonomous with the corresponding set of operations. n47 

Further he says, uTo determine what the concept means in 

any particular instance, an examination must be made 0'£ 

the operations by which the concept was made. n 48 

Operationalism, with a few disaenters, is generally 

accepted and practiced in science. In physical chemistry, 

for example, free entha Ipy and entropy are of grea test 

importance. Yet they are not given a physical or real 

definition. They a re defined by their mathematical notation 

and the opera tions required to measure these qua.ntities. 

Entropy or ~S, as an example, equals f~. lllhis nota tion, 

practically speaking, ~ entropy or represents the operations 

necessary to measure it. Such examples are typical 0'£ the 

operational approach. 

Eddington in the same vein declares, 

Every item of :physica 1 knowledge must there
fore be an assertion of what has been or would 
be the result of ca~~ying out a specified obser
vational procedure.4~ 

The implications of this approach are important. The 

terminology of science must be Gonsidered very carefully. 

Many times terms used as if univocal may not be so. Length 
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for example on the terrestial scale is equivalent to "In the 

mks system ••• the distance between two marks on a carefully 

protected bar of platinum-iridium a lloy preserved at ••• It 50 

and methods of comparing this standard to other quantities. 

Soon the standard will be "defined as exactly 1,,650,,763.73, 

wavelengths of a centain orange line in the spectrum of the 

krypton isotope of atomic mass number 86."51 Bridgman notes" 

"if the operation in determining a concept, say length" 

differs the concept is different.,,52 Is length or motion the 

same concept on the macro level as on the micro level where 

the speed of atomic particles is determined by a series of 

complicated ma,thematical operations? 

Bridgman elaborates on this point: 

These new operations are so chosen that they
give, within experimental error, the same numerical 
results in the domain in which the two sets of opera
tions may be both applied; but we must recognize in 
principle that in changing the operations we have 
really changed the concept and that to use the 
same name for these different concepts over the 
entire range is dictated only by considerations 
of convenien.ce" which may sometime s prove to 
have been purch~ed at too high a price in terms 
of unambiguity.~3 

A second and more important implication of the opera

tional approach are the inherent limitations of science, 

granted the operationalism is valid. First, the concepts 

of gcience are limited in their meaning and scope. "If 

meaning issought for concepts outside the domain in whmoh 

they he ve been defined, the ta sk is impossible. "54 The 

concepts of motion and mass and so on, cannot be used 

indiscriminately" but must be carefully restricted to the 
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meaning and scope 01' the operations by which they are 

del'ined. 

Secondly, science asqwhole is limited in what it 

c~.:g do, in what is able to treat and discuss. Any question 

or consideration which cannot be treated operationally simply 

cannot be treated. Bridgman discusses meaningless questions 

as far as science is concerned and calls them, "those 1'0r 

which a suitable operation 1'0r answering it cannot be 

1'0und. rt 55 Science cannot consider all things, but only 

those which it can reach in its operations. All.e1se is 

strictly speaking meaningless -- to science. 

Finally science is restricted in the manner in which 

it can treat the phenomena 01' the material world such as 

do l'all within the range 01' its oper~ ions. To the extent 

and in the manner its operations reach these phenomena, 

to t he same extent and manner must science discuss these 

phenomena. This is clearly the case with regard to Heisen

berg's uncertainty principle discussed above. Because the 

very nature 01' the operation interl'eres with what is observed, 

these phenomena must be discussed by science in terms 01' 

probability and statistical average. So too in rela.tivity, 

since there are no operations to determine absolute ttme 

and absolute space, science must and has discarded such 

concepts as meaningless (l'or the scientist). 

The tenta tive chara cter of scientific 1a\.,Js sl~(!i> l' ollows 

from operationalism. Bridgman says, "all results of measure

ment are only approximate. n 56 Consequently the laws and 
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concepts following such operations or measurements are 


approximate or tentative. Bridgman continues: 


•••any statement about numerical relations be

tween measured quantities must always be sub

ject to the qualification that the relation is 

valid only within limits ••• but all our ex

perience is surrounded by a twilight zone, 

a penumbra of uncertainty, into which we have 

not yet penetrated • ••• and we must hold no 

preconceived notions as to what will be found 

within the region. The penumbra is to be 

penetrated by improving the accuracy of measure

ment.51 

He concludes, "r.t is a general consequenoe of the approxi

mate character of all measurement that no empirical science 

can ever make exact statements. u5B Scientists consider 

their results to be more than a mental construction or 

Procrustean bed but at the same time recognize that their 

validit;y is limited to the accurac.y and degree in which their 

operations reach material reality. 

The scientist is interested in coordinating and ex

plaining the relationship of the myriads of phenomena of 

the material world in accordance with what was said above. 

Science must be accepted by the philosopher as it 

actually is. Science must not be downgraded or adapted for 

the convenience of other considerations. This discussion 

has proceeded in accord with this norm, what i~ science to 

the scientist. 

What is of interest tQ the philosopher of nature is 

precisely the "meaningless" of the scientist. 

Natural science rests upon certain fundamental 
presuppositions •••• it must take some things for 
granted ••• -- knowability of the physical world ••• 
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uniformity of nature ••• the principle of oausality_ 9 

Various problems arise in this regard. What lies 

beyond the range of science? Is it and what is it? Pierre 

Duhem, a historian of philosophy remarks: 

Now these two questions -- Does there exist 
a material reality distinct from sensible 
experiences? and What is the nature of this 
reality? --do not havetheir source in ex
perimental method, which is acquainted only 
with sensible appear~nces and can. discover 
nothing beyond them. 00 . 

This precisely is the sphere and realm of philosophy of nature. 

PhilosoEhZ of Nature' 

There are very many opinions about a philosophy of 

nature. The less complimentary start with "there is no 

such thing" or "petrified antique." ot:pers would make 
,Ito

it a prepa~ory stage of science, an extension of science, 

a phi los ophica 1 or logics 1 ana lys is of sc ien ce and soon. 

The philosophy of nature at point here is the cos

mology or hylemo~phism as originated by Aristotle and 

developed by St. Thomas Aquinas and later "Thomists." 

The specific doctrines or validity of the philosophy 

of nature is not of moment here. The question·to be con

sidered is its nature, scope, and method from a philo

sopher's point of view. Like science,the philosophy of nature 

must be considered as it actually is and operates and not 

from any preconceptions, scientific or otherwise. 

The various texts of philosophy of nature offer 

generally parallel definitions. Typical are: 

-35



Philosophia naturalis definitur: scientia 
perfecta (propter quid) entis mobilis • ••• , 
corpus naturale est Philosophiae naturalis 
objectum'materiale; objectum autem formale 
"quod" est ens mobile seu mobile ut sic. 61 

and: 

Cosmology seeks to render the universe of 
mobile being intelligible in the light of its 
first causes and principles which are the neces
sary sources of mobile beings, of the.ir coming
into being and our knowledge of them. 62 , 

He continues -- the subject is the universe of mobile 

being, the being found in sensible matter and motion. Its 

object is the first principles of mobile being and its 

method is inductive (procedes from sense knowledge) and 

deductive. 

The special characteristics of the philosophy of 

nature, which are included in the definitions above, are 

its material and formal object, its method and its term 

or conclusions. These characteristics will be considered 

respectively belowo 

The material object of the philosophy of nature is 

the material world. It shares this characteristic with 

science. However the aspect by which the material world 

is considered (its forma 1 object) is not the "quantifiableu 

phenomena of science but is rather the "mobility" of the 

material world. Its formal object is then mobile being. 

According to St. 'rhomas, IIAnd because everything which has 

matter is mobile, it follows that mobile being is the subject 

of natura 1 philosophy.1t 63 

It is important to note what "mobile being" or under 
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the "aspect of mobili~y" connotes as opposed to the uquan
, 

tifiable ll phenomena pf science @ The philosophy of i1natur:e, 
I 

is concerned with prbperties belonging to all mobile being 

or bodies under the aspect of mobility. The philosophy of 

nature is concerned, for example, with the fact that bodies 

change into other bodies with different qualities etc. It 

is concerned with the fact that cartain properties or 

phenomena observed in bodies admit of variation. It is not, 

however, interested in the "particularity't of such changes. 

It is not interested that hydrogen as hydrogen and oxygen 

as oxygen combine in the ratio of two to one to form water 

with its properties of boiling point equa Is 100 degrees, etc. 

Nor is it concerned with the fact that water has a specific 

heat of one as opposed to other specific heats. 

Philosophy of nature is interested only in the gener

alitr of such events; that things may be changed into 

other things with their own differ1ng permanent properties, 

that t~ere are certain prop0rtions in chemical combinations, 

that material bodies exhibit certain permanent characteristics. 

This fact accounts for the importance of sense know

ledge in the philosophy of nature. The elaborateequipment 

and precise methodology of science is not generally needed 

to obtain the "generality" of an event. It is, however, 

of absolute necessity in science to discover the "particu

larit~," the "q~Ql\:t'itiabie"phenomena upon wh~ch sc ience 

is be sed ~ 

Koren of Duquesne remarks, "most of these data are 
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so readily e vailable in experience that usually a simple 

statement of tbe starting point is sufficient and there is 

no need to condu·ct ~ formal process of induction." 64 

The formal objects of philosophy of nature and science, 

therefore, are definitely distinct, but not totally un

related. 

The method of the philosophy of nature is reason or 

deduction. From the "generalities" observed of mobile 

being, implications which must necessarily follow are 

deduced. Aristotle, for example, observed the change of 

things into another. His problem was what is necessary for 

such a change to take place. He was not interested how 

this particular red apple with the 'Vwrm hole l.Was ohanged 

into himself, nor how apples in general change into men. 

He was concerned with the "generality" of the event and 

what must necessarily be involved for things to be able 

to change into other things. His answer was rna tter" the 

principle of the determined, and form, the principle of 

determining. 

By the same procedure Aristotle tried to deduce the 

necessary ~plications of motion of things which he observed 

as a "generality" and so also the locomotion of things as 

was outlined above. 

Philosophy of nature differs from science in ~et an

other respect. The conclusions are not directly veri~iable 

from the data. The concepts such as causality, sUbstJnce, 

matter, are not to be observed as Isuch in the material 'World. 
I 
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Predictions are not deduced from its conclusions to be tested 

empirically as does science in its return to the material 

phenomena. The verification of the work of the philosophy 

of nature, therefore, must be a reconsideration of its 

starting point or "genera lity" and the reasoning. Granted 

the validity of the starting point and correct reasoning, 

the conclusion mtist be valid. 

With regard to this point Koren declares: 

Verification is still pessible here, but in 
a way that <differs considerably from the method 
used in experimental soienoe. It will have to 
oonsist in 1) a careful search to see whether 
the experiential starting point is true and 
not subjectto reasonable doubt; 2) strict 
observance of the laws of reasoningo For, 
if the starting point is true and the reason
ing process correct, it fOllows of necessity 
that the conclusion must be true. 

Marit;ain oonfir..ms the point e Because the conclusions 

of the philosophy of nature cannot be observed in sensible 

things they cannot be oirectly verified. 

The other proceeds from the visible to the 
invisible, to what is in itself outside the 
bounds of all sensory ooservation, for the 
principles which are the aim of the philoso
pherare pure objects of intellection, not of 
sensible apprehension or imaginative repre
senta tion. 

In summary, the method of philosophy of nature is to 

deduce from the IIgeneralitiesU observed in mobile being 

its necessary implications. 

The term or conclusions of the philosophy of nature 

are, as indicated above, the deductions made from the "gener

alities tt observed in mobile being. In this way then, 



the philosopher of nature comes to the term of his work, 

the ultimate causes or principles of nature. 

One philosopher of nature provides a fairly typical 

descript ion: 

Philosophy views all things in their most 
general ana fundamentalaspects • ••• And while 

. certain types of bodies have properties and 
activities which are characteristic of the types, 
a 11 types have definite properties and aC.tivities 
which are common to all types, because they per
tain to bodies as such. The particular sciences 
are concerned with the special types of bodies, 
but philosophy deals only with bodies as such 
and with "iheir most general properties and ac
tivities. 7 

With regard to the elaboration of the more specific de

tails there remains much disagreement. However, the specific 

doctrine of the philosophy of nature is not the case at 

point, but rather the genera 1 structure and nature of this 

philosophy_ 
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IV. Conclusions 

Several important conclusions may be drawn from the 

considerations above about the relationship between 8ci

ence and the philosophy or nature. 

Mutual Independenoe 

The two disoiplines are essentially independent. There 

has been much oontroversy as to where and how the philoso

phy or nature rits into St. Thomas' three degrees or ab

straction. This rormal approach, however, is not neoessary 

to a ee that these two disctplines are basically independent 

of each other and indeed, must presuppose this ract to 

some extent. 

Historioally their independence is easily seen. The 
I

basic ~rinciples or the philosophy of nature had been 

outlined centuries berore modern science had appeared on the 

scene. The non-mathematioal soienoeswere, however, confused 

with the philosophy or na ture and were thought to be an 

elaboration of the latter. 

Modern science, which began in the seventeenth century, 

not only developed independently of the philosophy or nature, 

but had ortentimes expressly repudiated it. In Maritain's 

words, 1~The scienoes have, however, no dependence .whatever 

on philosophy with regard to their own intrinsio develop

ment. n 68 

Besides the historical argument it is clear rrom the 
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natures of the two disciplines that they are distinct and 

independent of each other. They differ in their formal 

object, methods, and conclusions. 

Maritain t who has considered at great lengths their 

respective positions and natures, describes it: 

Having totally different formal objects,
entirely different principles of explanation and 
conceptua I technique, and in the subject i s.elf 
requiring fundamentally different intellectual 

. virtues or qua lities of discriminatingillumina
tion" the proper doma ins of philosophy and science 
are riot translatable. An explanation of a scien
tific order can never 'be displaced or replaced by 
a philosophic one or ~ versa. b9 

In this sense there is little disagreement over their 

mutua I independence. Van Melsen, a philosopher and a 

scientist, remarks in a somewhat long but very pertinent 

quotation: 

From the sharp distinction existing between 
science and the philosophy of nature" it will 
be understood that the respective methods 
of consideration do not have much bearing on 
each other. The specific results of science 
do ,not contribute to the philosophy of nature 
because those results are obtained by methods 
which already presuppose the starting-points 
for the philosophy of nature. Consequently 
the results. of scierice do not throw any ~ 
light on these starting-points. No Mere can 
the results of philosophy of nature be of any 
direct value for"science., For the philosophy 
of nature is concerned with suoh features of matter 
as science, by using method~ built entirely on the 
presupposition that matter has those features, 
has" a lready reckoned with.70 

The Complementary Relationship between Science 

~.!h! Philosophy of Nature 

While the philosophy of nature and science are mutually 
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independent, they cannot be said to be totally unrelated0 

?reviously, in the examination of the formal objects of both, 

it was observed philosophy of nature is interested in the 

generality of an event and science the precise particulari

ties. 

As a result, neither can grasp the whole of reality. 

The philosophy of nature can explain the principles. of 

nature, the causality necessary to it, the reality of
I . 

substance and species, along with other fundamental oharac

teristics of the nature of the material world as mate~ial~ 

Yet it cannot dealas such with the particularity of the 

material 'World. 

Looking to Maritain once again; "But beoause of its 

very structure, this ontological type must forego explaining 

the detail of phenomena, exploiting the riches of natural 

phenomena: an important point which was not at all clear 

to the ancients. n7l 

By the same reasoning science too cannot reach the 

whole of the material world. As explained above it is 

limited to the scope of its operations. The work of the 

philosophy of nature oannot be attained by science, and, 

hence, science must presuppose the reality and causes of 

material and formal object. 

At·times the question can be raised whether science 

even reaches the material world as it actually iSe For 

example the principle of uncertainty points out that the 

velOCity and position of an atomic element cannot be attained 
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simultaneously by the operations of science ang does not 

state that such is necessarily the case in reality. The 

problem is similar with homogeneous time in relativity. 

These and many other questions are meaningless to science 
I 

because they exceed the scope of its operations. 

The presuppositions of science are generally granted, 

a lthough the view of their na ture and extent will qepend 

upon how one considers the philosophy of nature. Werner 

Heisenberg remarks, "In short any theory of physics makes 

more physical and philosophical assumptions than the facts 

a lone give or imply. II 72 

From the viewpoint of John Russell, a philosopher of 

nature, 

Some of these (substance, cause, etc.) must be 
presupposed by all scientific discourse, but they 
cannot be investigated by scientific method since 
they cannot be given a univocal meaning, or 
fitted into the simplified logical schema which 
the scientist uses to express his laws." 73 

The conclusion follows, therefore, that the philosophy 

of nature and science in their respective roles of ex

pIa ining the ma teria I world are complementary to each other. 

Russell adds, "Each supplements the other ..... 74 Whitehead 

points out "the fallacy of the misplaced concreteness," 

the error of assuming either science or philosophy of nature' 

contains the complete picture of reality. 

Another aspect of their relationship follows from 

the limitations of science Bnd the more universal and basic 

character of the conclusions of the philosophy of nature. 
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Maritain points out the fact that insofar as the philosophy 

of nature does explain the fundamental principles and nature 

(in the philosophical sense) of what comprises the material 

and formal object of science, which may be taken as the 

tfpresuppositionsu of science, tothis extent, science is in 

a restricteq sense dependent upon the philosophy of· nature. 

He elaborates on the point: 

We have the right tohold that thomist 
philosophy rather than any other is in-the 
position ~o supply the sciences with the 
metaphysical framework where they can follow 
out at ease the necessities of their own 
proper development and which will do them 
no violence:-not only because it is essentially 
realist and critically justifies the extra
mental reality of things and the value of our 
faculties of knowledgej which all science 
implicitly presupposes, but because it guaran
tees the autonomy~ the specific quality of each, 
and its metaphysical elucidations of the real 1m

~;~i~~t~~~:ea~:~~~i~~1~;C~~~~!dsK~~~m:~i~nce.75 

It may be concluded that science in a restricted sense 

is dependent upon the phd.losophy of nature in that the latter 

supplies to it its "metaphysical framework~" As regards 

species or essence they remain mutually independent. 

An important result of determi~ing the independence 

and proper spheres of science and the philosophy of nature 

is to restrict each to its own sphere outside of which 

neither discipline has any competence. 

In past days no distinction was madel/> The "philoso

pher-scientist lt skipped between the two fields with the 

greatest of ease. Their independence became more clear 

with the rise of science and the demise and revival of the 
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philosophy of nature in the last three centuries. 

No longer can the philosopher of nature risk solving 

scientific problems with a philosophic method and hope 

to escape the righteous wrath of scientists. The task is 

sufficiently hazardous at the present wh~le remaining 

within his own field. 

This relationship applies in both directions. The 

scientist aware of his own limitations will not try (or should 

not try) to dictate to t he philosopher. 

Leo Schumaoher, a philosopher of nature, remarks: 

However if a physioist puts a speoial in
terpretation upon an experimental result and 
then asserts this interpreta tion ha s a one to 
one correspondence to reality he is liable to 
meet some opposition from philosophers.7 6 

Benefits will follow in both fields from lmowing and 

observing their respective limitations in form of the validity 

of their conclusions. 

The Material Dependence £! the 

Philosophy of Nature upon Science 

The value of scientifio data to the philosophy of nature 

has long been debated. Some would have the philosophy of 

nature rely solely upon sense knowledge or experieno,e and 

discard scientifio knowledge as an alien and contrary 

element. Others propose an almost exclusive use of scientific 

knowledge, the only: valid knowledge as far as they are 

concerned. 

The attempt here will be to determine to what extent, 
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if any, the philosophy of nature depends materially upon 

science, granted the validity of what has been said pre

viously about the nature of the two disciplines and the 

validity of the disciplines themselves. 

It is a basic principle of Thomism that all knowledge 

must originate or come through the senses. Such knowledge 

is called experience or experiential. Granted this fact, 

all knowledge whether scientific or philosophical must be 

experiential in origin. Scientific data, however, includes 

much which falls beyond the direct range of the senses. Such 

"beyond-the-senses" phenomena are brought within the range 

of the senses by means of numerous scientific instruments 

so that this data may be observed experientially_ Does the 

"indirectness lt or use of instruments constitute an essentially 

differenttype of knowledge which on this account or for 

some other reason is invalid and cannot be used in the 

philosophy of nature? 

There does not seem to be any valid basis for such 

a position. It is immediately apparent that no strict 

dividing line can be drawn between the tw~ both because of 

the ultimate experiential nature of all knowledge and because 

scientific data comes in degrees. For example is the man 

wearing glasses obtaining scientific or sense knowle,dse 

the man with a low power magnifying glass? the mie'ros'cope 

or electron microscope? Is there a basis for considering 

such indirect experiential knowledge as the line on a graph 

from nuclear-magnetic-radiat'ion an essentially different 
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type of knowledge? Such a basis has not been offered by 

those rejecting a 11 scientific knowledge. 

This position, which may have arisen because of the 

defensive position of the philosophy of nature since t~e 

rise of modern science, is often justified on thebasis of 

the "incomplete or purely provisional" character of sci

entific data or the unreliability or unpredictability" of 

scientific views. This objection is valid to a degree. 

Much scientific work lacks the character of strong certainty 

(more in respect to theory than scientific data) and as such 

cannot be used by the philosophy of nature. 

Yet to extend the objection to all scientific know

ledge is a gross error and arbitrary rejection of much cer

tain knowledge attained by science in the interest of an 

~ priori prejudice. Certain scientific knowledge must 

be accepted as certain, for example some of the basic 

data as electromagnetic radiation, atoms, etc. Science is 

neither totally certain nor totally tentative and the certain 

results of science must be accepted as such. 

On the contrary, the non-opposition of sense and 

scientific knowledge has been pointed out by many. Norbert 

Luyton declares; 

The fundamental mistake of this solution 
is, we think, the incorrect assUmption of a : 
radical and basic difference between spontaneous 
and scientific data ..... On closer inspection 
there is no question of contradiction, but 
only of rendering more perfect and complete. 77 

If one insists upon speaking of opposition, 
it will have to be the opposition of the 
rudimentary and refined, but not that of 
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false and true. 7 
Accordingly scientific experience is an 

organization and expansion of spontaneous 
experience, but not its negation& 79 

Sir James Jeans remarks about sense and scientific 

data, "Science has of course provided us with methods of 

extending our senses both in respect of quality and quan

tity.naa He adds that with the aid of instruments man can 

see a range of light 64 times that of the unaided eye. 

Julius Seiler, a well-known philosopher of nature 

sums up: 

Yet it cannot be denied that science has 
expanded the field of our knowledge in a start
ling manner. It has through numerous Uarti
fic ia 1 senses," introduced us to wholly new 
rea li$ln of nature: the microcosm, the macrocosm, 
and the "non-perceptible realities of Uamediate 
dimensions. But all these worlds together 
form together with the world "of direct e~eri
ence a whole of mutually reacting parts.~ 

It follows therefore that scientific data may be of 

use to the philosophy of nature in two ways: it may clarify 

sense knowledge and can open new areas to philosophic 

spe cula t ion. 

It was noted previously that the philosophy of nature 

is interested in the "generality" of an event in distinction 

from all the "quantifiable particularities" of that event. 

It was because unaided sense experience could reach the 

basic generalities of the material world such as motion, 

generation, individuals, that he was able to deduce from 

them the basic principles of the philosophy of nature. 

Yet it is clear from what has been said previously that 
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Aristotle was not able to perceive all the "generalities" of 

the material world nor was his knowledge of "generalities" 

complete ly oorreot. The fa ot of the Iteterna 1, unchanging" 

motion he peroeived in heavenly bodies is an example of this. 

Granting the "generality" he thought he had peroeived, his 

"absurd" oonclusions are not so absurdt> 

Soientiflic oonclusions are sometimes It generalities" 

whioh may prove very useful to the philosophy of nature& 

For example, the fact that atoms oombine in oertain oom

bina'bions has implications for the philosopher of science 

in regard to properties. The principle of conservation of 

momentum has led to the modification of the concept of 

local motion so that the actuation of the thing in motion, 

according to some, need only be tending tm'Jard an end in 

the way of an other locus. It neither must reach an end or 

retain the same end. The principle of conservation of 

mess-energy also has philosophical implications. The point 

at issue is that Aristotle by 300 B.C. had not exhausted 

all facts for speculation, but that many are ooming to light 

under the aegis of modern scienoe. 

The philosophy of nature, therefore, is to a certain 

extent materially dependent upon soientifio knowledge both 

to clarify the sense knowledge which is its starting point 

ana for new areas of speoulation. Philosophers, Thomist and 

otherwise, emphasize this point. 

Pierre Duhem, a noted historian of philosophy, declared 

over fifty years ago: 
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Does it follow that the knOttlledge of physical
theory is useless to'anyone working for the pro
gress of cosmology? ••• 

We are not asking whether the cosmologist 
can without harm be ignorant of physics; the 
answer to that question would be too obvious, 
for it is plain that a cosmological system 
cannot be reasons'bly' Q.onstituted without any
knowledge of physics.~2 

Thomists too have recognized this fact. Jacques 

Maritain writes: "There 1s most certainly, a strong material 

dependence of philosophy on the sciences" n 83 Joseph Sikora 

writing in the Thomist declares, "The philosophy or nature 

is exceedingly poor unless it enriches itself with the 

knowledge of the SCiences, infusing its own light into 

the mass of lmoNledge pro-vided it by these sciences. u 84 

In summary, the philosophy of nature depends chiefly 

upon what is called sense knowledge .from which it can most 

directly obtain the "generalities" from which it proceeds. 

It is also materially dependent upon scientific knowledge 

for clarification of sense knowledge and for new areas of 

specula tion. 

The great mass of scientific in.formation cannot be 

used in the philosophy o.f nature most often because or its 

particular charaoter, because the operations leading to such 

knowledge are inherently unable to reach reality as such, 

or because the knowledge may yet be uncertain and tentative. 

Conflicts between the PhilosophZ of Nature ~ Science 

Theoretically there can be no conflict because both 

the philosophy of'nature and science are describing the material 
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world and its truth must be one& However "theory" and 

"practice" have perhaps never been so far apart as here. 

Modern science had all but buried the philosophy of nature 

until Leo XIII prepared the way for its revival. 

The reasons for such strife are several, most of which 

have already been discussed at least implicitly so that 

a rather brief treatment will suffice. 

A basic difficulty is that of communication~ The same 

words more often than not are used in different ways by the 

philosophy of nature and science. Matter for example in 

the philosophy of nature is the potential principle or 

principle of the determined. Mass (matter) for science 

according to its operational definition is that which offers 

resistance to acceleration. While mass and matter have 

much in common in both fields it cannot be assumed that they 

are identica 1. Vincent Smith in discussing and attempting 

to solve the difficulties of the philosophical implications 

of the mass-energy equivalence of science makes this particu

lar point. 85 

Both philosophers and the few scientists interested in 

the philosophy of nature are aware of the problem. James 

Coffey writes: 

Unfortunately there exists no sound, stable 
tradition of communication between philosophers 
and scientists. As a result the.conclusions 
of one group are not easily accessible to the 
numbers of the other. Until this problem of 
communication is solved, the philosopher 86 
cannot hope to present an adequate cosmology_ 

A scientist from Maryland University, Charles Herzfeld, 
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comments on the terminology aspect of communication: 

One question concerns the relations between 
terms used in philosophy in a technical manner 
and the same terms used in physics in a different 
technical manner. The correspondence cannot 
be a simple equality, and some redefinition 
can be called for, but this has not yet been 
done to the satisfaction of all parties. 57 

All problems of communication and terminology will 

perhaps never be completely solved because of the different 

natures of each field, nor can all problems be blamed upon 

the lack of communication. Yet when both the philosophers 

of nature and the scientists understand what the other is 

saying forweat is with all its limitations, many occasions 

of conflict will be eliminated. 

A second source of conflict may arise because the 

results of either the philosophy of nature or science are 

assumed to be absolutely final and valid and cannot be 

modified. Hy10systemism was proposed precisely in this 

framewor~, that the initial work in the micro-world was 

absolute and tr.ue0 Soon science itself dealt the death blow 

to the "pb:11osophyfl which had tried to It justify" science. 

No scientist would hazard to say that science has 

reached the promised land, nor should the philosopher 

claim the elaborations based only upon the "generalities" 

Aristotle saw or thought he saw represents the sum total 

of what the philosophy of nature can be, and is valid to 

the last detail. The philosophy of nature should benefit 

from the advance of science. Yves Simon points out Maritain's 

conclusion with which he is in accord: 



Maritain is "quite aware of the great improve
ments in knowledge which oan be expeoted from the 
cooperation of the philosopher and sCientist; 
but he does not believe that such a cooperatiQn 
can even work smoothly and without frictions. aa 

Another source of difficulty arises when the philoso

pher attempts to solve the other's problems by means of 

his own method. Bridgman has, for example, proposed ex

tending"operationalismlf to all fields of knowledge. This 

attempt would be doomed to failure just as surely as 

Aristotle had to fail when he attempted to explain the entire 

universe by his philosophic method. Newton himself re

pudiated any broad philosophical meaning as such in his 

work: 

. . ~ve said in a mathematical way, to avoid all 
questions about the nature or quality of this 
force, which we would not be understood to de
termine by any hypothesis; ••• a9 

Yet the whole edifice ofme chanism was built on this founda

tion so that when Newtonian mechanics proved inadequate, the 

edifice fell. Soience cannot do the work of philosophy or, 

vice versa. 

For this reason Aristotle's "scientific" work failed 

and it was on this basis most of his philosophical work 

was also rejected by many. Both'fields have much to gain by 

lmowing and ohserving their own limitations. 
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v. Author's Comments 

Granting the basic validity of the philosophy of nature 

and science, there seems to be good reason for rejecting 

the absolute conflict of the two which some would propose. 

It is naive to dismiss all disagreements between the 

two with a wave of the hand as due to IImisguided u scientists 

or "antiquated lt philosophers. There has been contention 

and will continue to be as an inevitable consequence of the 

different attitudes and natures of each fieldG 

Yet, by taking into account the different natures of 

the philosophy of nature and science, the difficulties of 

communication, the limitations of each, etc~, much needless 

sterile quarreling can well be avoided in the futuree 

By following the guidelines of their relationship, 

material dependence in the one instance and a metaphysical 

framework 1n the other, by proceeding with the caution 

indicated by the di.fficulties in communication and the past 

tendency for one field to invade the domain of the other, 

etc.; progress can be made by both. Science will not be 

encumbered by any restrictive prohibitions. The philosophy 

of nature will find opened up for itself new fields of 

speculation not possible just a few years ago. 
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