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kinds of changes are possible, both in accidental and substantial deter
minations. 

Thus far the distinction between substantial and accidental de
terminations or forms has been avoided for the simple reason that the 
distinction was not needed. All that has been said thus fa r was valid 
for all possible kinds of determination. Therefore, if it makes sense 
(and that will be examined in the next section ) to distinguish between 
substantial and accidental changes, then it follows that both kinds of 
changes are possible in view of the fundamental non-simplicity of 
matter. That fundamental non-simplicity opens up the possibility of 
fundamental mutability. The same individuality can be successively 
determined by different determinations. 

5. SUBSTANTIAL CHANGE IN MATTER 

The At~alogy of Substance 

Before speaking of substantial change in matter, it must first be 
known what substance means. The curious fact is that, whereas the 
meaning of this term seems at first sight quite clear,10 the more we 
think about it, the more difficulties we meet. These difficulties a re 
so great that many modern philosophers reject the concept entirely or 
else they claim that it has only a certain meaning in daily language, 
but not in philosophy. 

The Concept of Substmtee Is Necessary. Yet the rejection of the 
concept "substance" does not bring us any fur ther, for it leads, in its 
turn, to tremendous difficulties which become clearly apparent when 
we speak of human beings. Avoiding the concept "substance" with 
respect to human beings produces not only an unbridgeable gap be
tween our most fundamental spontaneous convictions about what 
human beings are and the way these convictions are repudiated in a 
philosophical analysis, but it also makes this philosophical analysis 
itself highly unsatisfactory. 

There is, of course, a close relationship between both consequences. 
A philosophy which repudiates our spontaneous convictions can never 
give satisfactory results, especially not when these convictions are of 
such a nature that they resist all attempts of philosophers to eliminate 
them. There is certainly more in such a concept as "substance" than 

lOCf. what has been said about it on p. 38 in connection with Aristotle's 
analysis of Parmenides' concept of being. 
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Hume could see in it, interesting as his analysis may be. A spon
taneous conviction tells us that human beings are more than the sum 
total of their activities or properties. The concept of substance refers 
to the common origin of these activities and properties, an origin whose 
existence is immediately evident in a self-reflection. 

Different Use of the Concept of Substance. The difficulty with the 
concept of "substance" is that it is an analogous concept. T his explains 
why its use in daily language (both explicitly and implicitly) shows 
such a variation of application, and also why the meaning is sometimes 
clear and sometimes vague and confusing. The concept st.tbstance as 
included in the concept person is clear. It still is not very difficult 
when we think of the concept of "substance" as it is implicitly present 
in the concept of "animal" and in that of "plant." 

The real difficulties begin when we speak of "things." The con
cept of "thing" implicitly contains the concept of substance. However, 
the use of the concept "thing" is very vague. We call all kinds of 
objects "things." We find "things" in nature, we ourselves make 
"things." Vve discover "things" in science which are never given in 
immediate sense-experience, such as molecules, atoms, electrons, pro
tons, and the like. Further, we sometimes call an aggregate of things 
a "thing." An automobile is a "thing," but its parts are also "things." 

These difficulties connected with the use in daily language of terms 
implicitly connoting "substance" are not the only ones. In those 
philosophic circles which still consider the concept of "substance" 
fundamental, we also come across very important differences of inter
pretation. To mention only one, sometimes the term "substance" 
seems more or less to mean that which is permanent. Consequently, 
"energy" is called a "substance," not because it is thought of as some
thing "thing-like," but because of the fact that the law of conservation 
of energy expresses the permanency of energy. In the Aristotelian use 
of the term "substance," on the other hand, no absolute permanency 
is connoted, as witness the use of the term "substantial change." 

It is not possible, of course, to discuss all problems connected with 
the different use of the term "substance." The discussion here will be 
confined to the Aristotelian use of the term, for that is, practically 
speaking, the same as that of daily language. In philosophy, however, 
"substance" ought to be free from the vagueness of daily language. 

The only way to get the necessary clarification without violating 
the reality to which this term refers is to account for the analogy of 
the term and of the reality involved. The general analogous meaning 
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of "substance" refers to all being that does not exist "in-something
else." A human person, for example, forms a substance because he 
exists "not-in-something-else." He exists in himself. A human 
action, on the other hand, is not a substance, for such an action exists 
only in a human being. 

T he Concept of Su,bstance and Material Being. According to 
definition, "substance" can be applied to God, to pure spirits and to 
material beings. Since here only the latter category is of interest, the 
other categories may be disregarded. I t would, however, be a serious 
mistake to think that, because the discussion of "substance" is limited 
to the realm of matter, there is no longer any analogy in the concept to 
be considered. This mistake is the main cause of many difficulties in 
the philosophy of nature. Let us consider, therefore, some analogou~ 
distinctions which are of interest. 

The first distinction is a direct consequence of the species-individual 
structure in matter. This fundamental non-simplicity in matter 
pervades all that is material. It therefore also has a bearing upon 
the application of the concept of substance to material beings. The 
following question may illustrate this. If we speak of man as a 
substance, what do we mean: the concrete individual person, or the 
essence of a human being as contrasted with the accidents? Tradi
tionally both are called substance. The individual substance, i.e. the 
concrete individual with its essence, is called substantia pri·ma, primary 
substance; whereas the abstract essence alone is referred to as sub
stantia secunda, secondary substance. In philosophy we usually speak 
of the latter because there we are interested in the specific nature of 
a certain kind of being, and not so much in individuals as individuals. 
Consequently, what is foremost in our minds is that abstract specific 
nature, the st1bstantia secunda. But we realize also that in concreto 
S'Jch a specific nature exists only as an individual. H ence the dis
tinction between mbsta11tia prima and substantia secunda. 

This is, however, not the only important distinction that should 
be made. There is another one which concerns the degree of "self
existence" of a substance. Let us explain this curious expression, 
"self-existence." 

Difference in Degree of Self-Existence. "Substance" has been 
defined above as a being whose nature it is to not-exist-in-something
else. Now it is clear that this negative definition refers to something 
positive, and this can best be described by the term "self-existence." 
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Considered from the positive point of view, it is clear that there can 
be degrees of self-existence. Not degrees in a quantitative sense, 
but a difference in perfection with respect to status of being. A 
human being, for example, has a higher degree of self-existence 
than a stone has. Although both are substances because they do 
not exist in something else, yet their degree of self-existence-the 
way in which they express their being a substance-is not the same. 
A human being has something that properly can be called a kind of 
self-possession; he governs his own activities; he knows himself. 
His self-existence is, therefore, far more pronounced than that of 
a piece of inanimate matter. As a consequence nobody seriously doubts 
that a human being is a substance and just one substance. His 
individual existence as a substance is more intensely expressed, more 
marked, and therefore more recognizable, than that of any other 
material being. We shall return to this problem after consideration 
of the consequences which the distinction between substa11tia prima and 
s1,bstantia secwnda has in regard to the concept of substantial change. 

Two Kitlds of Substantial Change 

The first important conclusion to be drawn from the preceding dis
cussion is, of course, that not all substantial changes are alike. If 
there is a distinction to be made between st~bstantia prima and sub
stantia sectmda, the logical consequence is that there must also 
be two kinds of substantial change, one in which sttbstantia prima, 
and another in which substantia sectmda changes. In order to see 
the difference, let us consider an example. Suppose we have one 
individual substance of a certain species. (For the present the criteria 
by which one individual is distinguished from an aggregate of several 
individuals, are of no importance. Likewise, it is of no interest to 
know what precisely constitutes a species in the strict sense of that 
term, namely, a class of beings which are characterized by the same 
substantial form. These problems will soon come up for discussion 
when the different degrees of self-existence of a substance are 
discussed.) 

To an individual of a certain species two things can theoretically 
happen. The one individual can be divided into two individuals of the 
same species. The fact that some kinds of worms can be cut in two 
and still function as two distinct worms proves that the supposition is 
not too unrealistic. Since the division results in two individuals there 
is a change in substantia prima. The division represents a substantial 
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change, notwithstanding the fact that substantia secunda, the essence, 
d"id not change. There is still the same substantial form, the same spe
cific kind of matter. 

It is also possible to conceive that while no division of the indi
vidual takes place, the old species can be superseded by a new species. 
With this type of substantial change, the term "substantial" refers, 
first of all, to substantia secunda, the essence of the kind of matter in
volved. When speaking of substantial change, we usually think of this 
second type, or preferably of a combination of both; for a substantial 
change with respect to substantia secunda usually results in a division 
of the one individual.U The death of a worm, for example, means a 
substantial change in a double sense. The one living animal changes 
into a conglomeration of chemical compounds. The mortal remains 
are only seemingly one being. But that is not the point now, for the 
only purpose of this discussion is to point out the fundamental distinc
tion that should be made between the two kinds of substantial changes, 
the one in which a specific change occurs, and the one in which an in
dividual is merely divided without the emergence of a new kind of 
substance. 

The difference between these two kinds of substantial changes is 
a direct consequence of the nature of material being, with its species
individual structure. Therefore, whatever may be the outcome of the 
examination of the factual changes in matter with respect to their 
classification into substantial and accidental ones, this we know for 
sure, there must be two kinds of substantial changes. 

6. WHAT ARE THE INDIVIDUAL SUBSTANCES IN MATTER? 

The Standards Are Set With Respect to Human Individuals 

The preceding section has outlined in general and theoretical terms 
the content of both the concept "substance" and that of "substantial 
cnange," but it has left untouched the crucial problem of what should 
be considered the concrete individual substances in the material world. 
It must be remembered that this constitutes a two-fold problem. First, 
there is the problem as to the criteria by which a distinction is made 
between one concrete individual and another. These criteria deal with 
substantia prima. They should, therefore, provide an answer to such 

lllt is, of course, clear that after the substantial change the same substantia 
prima would no longer exist, even if there would be no division of the indi
vidual. 
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a question as this: Is a piece of gold one individual substance or a col
lection of individuals? Secondly, there is a problem with respect to 
s1tbstantia sewnda. The criteria to distinguish one substance from an
other must be known. Such questions as the following must be an
swered : Is gold another substance than silver or do both form only 
different aggregates of the same substances? 

Thus far the problems have been dealt with only in a theoretical 
way. One exception must be made. In discussing the analogy of the 
concept "substance," it has already been pointed out that human beings 
are undoubtedly to be considered individual substances. vVhy are we 
so sure that they are? In trying to make explicit the reasons for our 
conviction, it should be mentioned that there are three different levels 
on which the individual self-existence of human beings expresses itself: 

1. The level of intellectual knowledge and free will. 
A human being knows himself as an original centre of activity in 

the midst of a world to which he undoubtedly belongs and which he 
needs, but in which he is not just a part of a whole. 

He knows he has personal existence and personal responsibility, 
both of which set him apart as an individual and as specifically different 
from the rest of the material world. 

2. The level of organization characteristic of the biological unity 
which is called "animal." 

3. The level of physical objects. The human body is a physical 
object with a natural coherence in space and time which makes that 
body clearly discernable from all other physical objects. 

On all three levels there is, therefore, reason to speak of an indi
vidual. The classical definition of an individual, indiviswm in se et 
diviszun ab aliis, "undivided in itself and divided from others," applies 
perfectly to all levels, but more meaningfully at the higher levels of 
individual existence. The concept "individual" is analogously applied 
to the different levels. 

It should be pointed out that the simple fact of making a distinc
tion between the three levels on which a human being can be said to 
be an individual does not imply the idea that these three levels exist 
only in a kind of accidental relationship. It may be that intellectual 
self-knowledge and free-will do not necessarily imply a being with a 
biological and therefore also a physical body. It is obvious that in a 
hwman being the bodily functions condition the kind of self-knowledge 
and exercise of free will which that being has. On the other hand, the 
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very fact that a human being is more than an animal also lifts the 
biological unity to a plane above that of a biological unity alone. It 
gives this biological unity a new sense and significance . 

The same applies to the physical object that the human body is. 
This particular physical object too has a very special place in the midst 
of other physical objects, as will be seen later when the problems of 
determinism are being discussed. For the present, the point to be 
stressed is that the obvious unity given already on the third level 
acquires a new significance because of the unity on the second level. 
The physical object with its coherence in space and time (i.e. with 
a "thing-like" character) is not an accidental aggregate of matter; it is 
a whole which is carefully selected on behalf of the biological functions. 

A similar consideration can be made with respect to the biological 
organization. This organization is &uch that it makes intellectual life 
possible. As a result, the striking substantial unity on the first or 
highest level, which leaves no doubt that a human person is one indi
vidual substance, communicates itself to the lower levels. There may 
be some doubt about the substantial unity of a human body consid
ered exclusively as a physical object, but that doubt di~ppears when 
we see that physical object in the light of its functions on higher levels. 
T herefore, when we speak of the substantial unity of an individual with 
respect to human individuals, the content of that concept is quite 
naturally determined by the unity which exists on the highest level. 

Individual Sttbsta11ce on the Sub-HwmatJ L evel. The very fact 
that there are physical bodies which have only the unity of the third 
level, or the unity of the second and the third combined, makes it a 
matter of necessity to give the concept of an individual substance a 
content which also satisfies these objects. The danger exists that 
the obviousness of the substantial unity of a human being captures our 
attention so strongly that the standards set by this unity are considered 
the only possible standards. All that does not meet these standards 
is in danger of not being considered worthy to be brought within the 
category of substantial unity. In other words the analogy of the 
concept "substance" is forgotten; and that is the main reason why 
it seems so difficult to speak of individual substances in the material 
world. The concept has, perhaps unwillingly and unconsciously, a 
content which is colored by its application to human beings. This does 
not cause too much trouble with respect to higher animals because of 
the close resemblance between animals and human beings. Animals, 
too, have a kind of cognition which guides their action toward self-
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preservation. But the real trouble starts when non-living material 
beings are dealt with. Then we are at a loss as to the standards to 
be used. 

A great many of the difficulties disappear, however, when we 
realize that the lower status of being of matter has its consequences 
as to the kind of individual existence and substantial differences to 
be expected. \Vith non-living matter there is not much left of self
existence. Yet the material world shows clearly something that 
may be properly called "individual substances" if we lower our stand
ards enough to meet the status of being that is characteristic of non
living matter. The only type of unity to be considered is the type of 
unity that has been described as that of the third level, namely, a 
certain natural coherence in space and time. So far this has been only 
a phrase. Let us try to make it more concrete. 

Natural Cohermce itJ Space and Time 

Although space and time will be discussed later on, something 
must be said about it now. Spatial extensions and temporal succession 
mean a diminishing of the substantial unity of a being. All that exists 
in time exists now,· but existing 1lOW does not guarantee existence in 
the future, certainly not existence as the same being. Extension in 
space means ex-tended parts; such extension opens the possibility of 
division and consequently of the destruction of the unity of a being. 

Speaking, therefore, of something that shows a coherence in space 
and time, stresses the fact that the thing under consideration shows 
a unity that will resist the possibilities of destruction implied in the 
very reality of space and time. It survives the flux of time and it 
remains undivided in space, at least to a certain extent. 

The term "natural" added to that of "coherence in space and time," 
expresses the fact that this coherence is something natural, originating 
in the nature of the thing involved. The term means that there are 
natural kinds of matter, types of organization-patterns given in nature. 
That nature shows such fixed patterns in the organization of matter 
cannot be doubted. Thus a thing may be identified as an individual 
substance if it meets two requirements: first it must be otle piece of 
matter (i.e., coherent in space and time); secondly, it must have just 
one natural organization-pattern. Theoretically speaking, these re
quirements seem clearly enough established. 

Application Is Difficult. The difficulty begins, however, when the 
attempt is made to apply these requirements to actual "things." 
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T hen several terms used in the formulations of the requirements seem 
to become vague. F or example, things with a different organization
pattern can be joined very easily in such a way that they have a 
coherence in space and time; for instance, two pieces of metal soldered 
together. Now it can be argued, of course, that this coherence is 
not natural. I t all depends, however, on how we define "natural." 
Nobody can deny that the forces which make possible the process of 
soldering things are natural forces. And whoever tries to escape from 
this consequence by saying that the arrangement of the different 
pieces is ar tificial and, therefore, not natural, overlooks the simple 
fact that nature offers us many examples of such arrangements. There 
is, therefore, nothing unnatural about it. 

A Partial Solt4tion. A partial solution to this difficulty is found if 
"natural coherence" is defined more precisely as a coherence according 
to a fixed type of organization. Now the point can be made that in 
the example discussed (two pieces of metal soldered together), there 
is not just one organization-pattern, but two, or even three. And the 
way they are connected is not itself a fixed organization-pattern, 
because it all depends on casual circumstances just what will be the 
accidental form of the unity that comes into being. Therefore, our 
example seems to be a clear case of an aggregate of at least three 
individual substances. 

However, this way of looking at the problem c::ertainly does not 
solve all difficulties. For what would be said when two metals are 
welded together instead of soldered ? W elding seems to result in just 
one natural organization-pattern. The difficulty behind the whole 
problem is that all the evidence points in the direction that there 
exists, practically speaking, a gradual transition from clear-cut 
aggregates to what can properly be called a natural unity. 

Nature Shows Gradual Transitions. An interesting point is that 
the evidence for the existence of gradual transition is already given 
in every-day experience. It is not just science which has brought 
this fact to light. Science has only confirmed it. Every-day experience 
sharply distinguishes between the accidental unity of a heap of stones, 
held together only by gravitation, and the substantial unity of a 
crystal of ice. But the simple fact remains that there are still all kinds 
of intermediate unities. The gap between the "accidental" unity of 
a heap of stones and the "substantial" unity of a crystal can gradually 
be bridged by such examples as a clod of earth, a piece of mortar, 
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a brick, and different crystals melted together. It is difficult to say 
where accidental unity ends and substantial unity begins. And if 
we turn to science in order to get an answer, we meet with precisely 
the same difficulty. 

Science started out by making a rather sharp distinction between 
a chemical bond and a physical adhesion. T he chemical bond was 
considered as representing a substantial unity, and the physical ad
hesion an accidental unity. Clear examples are, respectively, a 
chemical compound of two elements and a simple mixture, such as 
an alloy. However, there are all kinds of intermediate forms in 
which it is hard to say whether the bond is chemical or purely 
physical. And a more profound theoretical knowledge of the respective 
nature of a chemical and physical bond makes it clear why the t ransi
tion is so gradual. 

To make things still more difficult, it can be argued that the so
called pure chemical element or compound, which should be the only 
piece of matter under consideration to be classified as u one individual 
substance," never exists in reality. There may be found in reality 
things which come so close to a state of purity that they may be said 
to have only one natural organization-pattern. But there is reason to 
believe that the concepts of pure chemicals, such as pure iron or pure 
salt, are, strictly speaking, idealized physico-chemical concepts of 
something that probably never does exist in reality. If this is true
and all scientific evidence points in that direction-then the concept 
" individual" has importance only when used in connection with ele
mentary particles. All macro-things seem to be aggregates. The only 
real individual substances are the elementary particles. This con
clusion seems to be inevitable. This is one of the reasons why the 
mechanistic conception of matter is so attractive in the eyes of scien
tists. The discussion of this conception however, is better postponed 
till some other difficulties which the term "natural coherence in space 
and time" presents are outlined. 

Other Diffiwlties. Besides the impossibility of applying that 
formula in an unambiguous way to existing things, there is another 
much greater inconvenience connected with it. The formula takes care 
only of solid bodies. An application to liquids, to gases, and to light 
does not seem to make much sense. There can be no doubt that the 
phenomena in these different fields demonstrate the existence of fixed 
patterns of organization. There is also something that can be called a 
certain coherence in space and time, (a beam of light, a drop of water, 
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a volume of gas), but it is pretty hard to call these "things," possessing 
such a weak coherence, individuals. The coherence in space and time 
is too little pronounced to justify the use of the term "individual" in 
the strict philosophical sense. 

Proposed Sol1ttions. Again the solution seems to be that such 
things as a volume of gas or a drop of water or a beam of light are con
ceived of as aggregates of invisible, elementary particles. Only these 
particles are the real individuals. This mechanistic solution is, how
ever, not the only solution. There is a fundamentally different one 
which considers the whole material world, the whole universe, as one 
individual substance. This substance is the only existing material 
reality of which all "things" are but parts. A part. can sometimes dis
tinguish itself with such a clearness from its surroundings that we call 
it an individual "thing"; but it never has the degree of substantial unity 
required for an individual substance. Nor are the differences between 
these "things" of such a nature that they should be considered sub
stantially different. The transitions are too gradual. T hus a whole 
series of difficulties can be put forward to show that the formula of 
"natural coherence in space and time" is extremely difficult to apply 
and can give rise to entirely different solutions of the factual problems. 

I t must be remembered that the difficulty connected with the ap
plication of the formula does not find its origin in exclusively scientific 
considerations. The gradual transi tion between different types of 
unity appears already on the level of a primitive pre-scientific experi
ence. Science only confirms the graduality of the differences, and 
shows thereby that the difficulties we are facing are essential. They do 
not disappear with growing knowledge. Before drawing a funda
mental philosophical conclusion from this state of affairs, let us first 
examine the two solutions thus far mentioned. 

The Whole Universe as One Substmzce 

It is undoubtedly true that much can be said in favor of a solution 
which considers the whole universe as one and, consequently, the only 
individual substance. With one large gesture we get rid of all at
tempts to make artificial distinctions between aggregates and genuine 
unities in the material world, between accidental and substantial di ffer
ences. However, here also are serious objections; and they are 
so serious that we are forced to abandon the idea of considering the 
whole universe as one individual substance. 
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The first objection arises when the place human beings occupy in 
the universe is considered. Human beings are undoubtedly "part" of 

tlie universe. They are subject to all laws of the material world; they 

need other "parts" of the universe for their preservation (food, water, 

air, and the like); and they are in continual interaction with these 

parts. Briefly, nature is inside man. If we speak of the universe as a 

whole, then human beings must be included; they form a part of it. On 

the other hand, human beings are individual substances. Hence their 

being a part of the universe cannot mean that they are a part in the 

strict sense of that term. 

Here again we come upon the greatest difficulty in philosophy, 

namely, the analogy of philosophical concepts and terms.12 "Part" is 

an analogous concept. It is correct to call a hand a part of a body, a 
drive-shaft a part of an automobile, a human person a part of the soci

ety to which he belongs. However, "part" has in each of the given 

examples a different meaning, as also does the "whole" to which the 

parts refer. In order to see the difference more clearly, let us think of 

what happens to the part when it is removed from the whole to which 

it belongs. A hand is essentially different when it is not any longer 

a part of a human body. It is even, strictly speaking, not any longer 

a hand. The very essence of a hand is "to be a part" of a body. The 

hand exists only as part of the body. A drive-shaft, however, is exactly 

the same thing whether or not it is an actual part of a car. It is still a 

drive-shaft when it is outside a car. A human being is still a human 

person when he does not any longer belong to the society of which he -· was a part. 
The fact that a human being is an individual makes it impossible 

to consider him merely as part of the universe. The universe may be 

a whole; but the very existence of human beings within this universe 

indicates clearly that the universe does not have the unity of one indi

vidual substance. If this were the case, then it would not be correct to 

speak of lttmum actions. T he person would not act; but his action 

would be, properly speaking, an action of the universe. For the action 

of a part in the strict sense of that term is never the action of a part, 

but the action of a whole. The hand is not acting, but the human being 

acts by means of his hand. From this it can be seen that the universe 

can be said to be a whole, but not in the strict sense that an individual 

substance can be so considered. 

12See p. 134 f . 
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Closely connected with the foregoing objection to considering the 
universe as one substantial individual is another. This objection can, 
however, more appropriately be discussed later when we speak of the 
problem of determinism. Then it will be shown that the theory which 
considers the universe as one whole, with one substantial nature, leads 
to insurmountable difficulties. 

The Mechatlistic Conception 

The mechanistic conception gives an opposite solution to the prob
lem of what the individual substances in the material world are. Ac
cording to the mechanistic doctrine, only elementary particles can be 
said to be individuals. Thus all difficulties connected with distinguish
ing between aggregates and genuine unities in the visible world are 
avoided. All sensible "things" are aggregates of invisible elementary 
particles which are the true individuals. As a point in fact, the mech
anistic doctrine makes the sharpest possible distinction between indi
vidual unities and aggregates of these unities, but it shifts the distinc
tion from the level of the macro-world to that of the micro-world. Each 
elementary particle is one individual thing. It may have parts, but 
the assumption is that an elementary particle cannot be divided; it 
never changes its nature. Briefly, it remains exactly what it is. It 
may become part of a whole, but that does not affect its nature. The 
whole is merely accidental, a pure aggregate. 

As to the problem of substantial difference, two opinions are possi
ble. The classical view of Democritus considers all "elementary parti
cles" as having the same nature. But it is, of course, also tenable to 
accept substantial differences between the elementary particles. Sub
stantial changes are, however, excluded by a mechanistic philosophy. 

It cannot be denied that the mechanical solution has, at first sight, 
many advantages. The concept of individual substance seems to have 
a clear meaning; and the application of the concept does not give any 
difficulty, at least so long as we speculate exclusively upon theoretically 
assumed elementary particles. For these particles are tailored to what 
we think an individual should be. 

Yet, a closer look at the mechanistic doctrine and its basic concepts 
reveals many scientific and philosophic difficulties. For the present, 
the philosophical, not the scientific, difficulties are going to be con
sidered. 

The 1\.-f echanistic Concept of Individual. Let us begin with the main 
objection. In Section 4 of this Chapter it has been shown that individu-
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ality as such does not include any form or determination. That was 
the result of the analysis of the species-individual structure. Mechani
cism, however, provides the individual particles with determinations 
(size, shape, in the old doctrine, plus charge and mass in the new) 
which are intr insically bound to the individual as such. Each indi
vidual has its own permanent determinations. This gives the concept 
of material individual quite another significance than it has according 
to a careful analysis of the nature of matter. The material individuals 
have a permanency which is not compatible with the fundamental 
non-simplicity which characterizes material being. 

Disti11ction Between S1tbstance and Aggregate Is Too Sharp. A 
second objection concerns the sharp distinction which the mechanistic 
doctrine makes between individuals and aggregates. This distinction 
seems much too sharp. For nature shows us a very gradual transition 
between instances of one individual substance and those of an aggre
gate. So the peculiar difficulty which we experience when we try 
to apply to the things of the macro-world the concept of individual 
substance is not that there seems to be no occasion at all for appli
cation. The specific difficulty is that there appears to be no sharp 
distinction between the instances where possibility of application is 
obvious and those where there is certainly merely an aggregate. The 
experience we have of the material world does not point in the direc
tion of such a sharp distinction between individual substances and 
aggregates thereof, as the mechanistic philosophy wants us to believe. 
And this leads to a third objection. 

Mechauicism and the Difference Between a Chemical Compou11d 
and a Physical Mixture. The more or less gradual transition between 
clear instances of aggregates and those of substantial unities does not 
take away from the fact that there is a distinct difference between 
these two types of unities. There are in nature organization-patterns 
which show a strongly marked constancy: for instance, the pattern 
of chemical elements and compounds. The number of the elementary 
chemical patterns is limited. With that limited number many dif
ferent chemical compounds can be built, but all have that strongly
marked constancy characteristic of chemical compounds. External 
circumstances have an influence upon the realization of a compound, 
but they are not able to vary the fundamentally constant pattern. 

On the other hand, however, organization-patterns are found 
which, although a certain underlying constancy cannot be denied to 
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them, show an almost infmite variation due to circumstances. Con
sider, for example, the ways that two metals can form an alloy. This 
can take place in, practically speaking, all proportions. Compare this 
behavior to the way in which two elements can form a chemical com
pound, and it should be clear that nature shows different types of 
organization-patterns. These different types do exist, although the 
transition between the two types is not as sharp as classical chemistry 
supposed them to be when it made a distinction between chemical 
compounds and physical mixtures. 

Mechanicism cannot very well account for that difference. It uses 
a matter-form schema in which the form is nothing but the external 
relationship between intrinsically unchangeable elementary particles 
which play the role of matter in the schema. The one-sidedness of 
the form in the mechanistic schema, which allows only for a variation 
in configuration of the particles, makes the existence of organization
patterns in nature with a strongly pronounced constancy difficult to 
comprehend. 

One can perhaps imagine that such a matter-form schema, as used 
in the mechanistic doctrine, can explain organization-patterns which 
have been described above-those with little constancy; but it can 
certainly not explain organization-patterns with pronounced con
stancies. 

The latter objection can be formulated in a more general and more 
fundamental way. 

Narro·wness of the M echanistic Matter-Form Schema. Because 
of the very limited content of the concept "form" in the mechanistic 
schema, the full burden of explaining the richness of the organization
pattern in nature falls upon the elementary particles. These particles 
are supposed, however, to be unchangeable and possessed of very 
few, if any, qualitative differences. They are, therefore, extremely 
unfitted for this function of explaining. They could fulfil this function 
only if they themselves were full of properties which would give 
them the plasticity and mutability necessary to account for the rich
ness and variety of nature's organization-patterns. In other words, 
the elementary particles themselves must have a more profound 
matter-form structure than that of the mechanistic schema which 
allows only for different configurations of unchangeable particles. 
This matter-form schema is too limited to serve as an ultimate explana
tion of the nature of the material world. 
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From this it does not follow, of course, that the schema cannot 
be very useful for a more limited purpose than for an ultimate explana
tion. The mechanistic matter-form schema undoubtedly satisfies exist
ing situations, such as are studied in mechanical models. Then we have 
the case in which the elements of the structure do not change. This also 
explains why the science of the 17th century could so wholeheartedly 
adopt mechanistic atomism as its philosophical background.18 Science 
then was chiefly theoretical mechanics and applied mechanics. The 
matter-form schema of mechanistic philosophy seemed sufficient to 
explain all that was within the reach of the science of these days. 

The development of science was bound to show the limitations of 
the mechanistic matter-form schema. For this schema is contrary 
to the real nature of matter, as should be clear from the preceding 
analysis. 

Before turning our attention to the development of science, how
ever, it is worth stressing still another reason why the mechanistic 
matter-form schema is so attractive. 

The A11alogy of the Matter-Form Schema 

In order to understand why the human mind thinks easily in terms 
of a mechanistic matter-form schema, the following consideration is 
important. The mechanistic schema may be too limited, yet it is the 
clearest example of a matter-form schema in general. The reader 
might recall that Aristotle also started his intellectual analysis of 
change by considering a change of external form, a piece of clay that 
becomes a statue. Without a clear understanding of intellectually 
more accessible instances of change, other more radical changes can 
never be understood. This fact contains a profound lesson. The 
matter-form doctrine of Aristotle, stating that all material things are 
composed of primary matter and substantial form, can be understood 
only as an analogous e-xtension, or rather deepening,14 of the better 

13Cf. From Atomos to Atom, Ch. Ill. 
HThe usc of the terms "extension" and "deepening" is in itself a very good 

instance of analogy. All that is said in the text with respe•;t to the analogy of 
matter and form also applies, mutatis muta11dis, to the way in which we use 
the terms "extension" and "deepening." Strictly speaking, "extension" and 
"deepening" refer to spatial relationships. In this sense, they cannot be applied 
to knowledge. Yet, it makes sense to use them also with respect to knowledge. 
And this use is not purely metaphorical. \Ve find something in our knowledge 
that has some points in common with a physical process of extending or deep
ening. Yet it is different. Because of the presence of both similarity and 
difference, the philosopher speaks of analogy. Something in the content of a 
certain concept can be used elsewhere, where the strict use of that concept is 
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known matter-form schema, used for the explanation of a purely acci

dental change. The function of this latter schema is not only to supply 

the terms for the more fundamental matter-form schema of Aristotle; 

it goes much further than that. Even the content of the terms "primary 

matter" and "substantial form" can be understood only in relationship 

to the meaning the terms "matter" and "form" have in the better

known schema. This meaning must be constantly in our minds, 

although we must at the same time transcend this meaning. This 

transcendence is necessary, for the original meaning of "matter" and 

"form" is in itself not what we want. Yet something in the content of 

"matter" and "form" carries the meaning of what we are trying to 

express. In other words, we use these terms analogously. And this 

is the only way available to the human intellect, as has been explained 

in the footnote dealing with the analogous use of the terms "extension" 

and "deepening." 

The fact that philosophy must of necessity always make use of 

analogous concepts and terms is what makes philosophical understand

ing so difficult. There is always the danger that we shall fall back 

on the more ordinary meaning a term has when not used in an anal

ogous way. T his may make the meaning clear but it does not solve 

the philosophical problem. 

So two points are important with respect to the matter-form 

schema. First, the mechanistic schema is undoubtedly the clearer one. 

It is useful in order to understand certain simple situations in nature, 

but it is also indispensable to understand the more profound matter

form structure. Thus we are bound to make use of it. On the other 

hand, there is a natural tendency in the human mind to make the 

mechanistic schema the exclusive one, because it is so much easier to 

understand than the more profound hylomorphistic structure of 

primary matter and substantial form. Hence the constant temptation 

to use both concepts in a more physical sense. "Primary matter" is 

impossible. The point to be stressed is that we are not able to express the 
reality of "deepening our knowledge" without using concepts which have, 
strictly speaking, an exclusively spatial sense. This is not only the result of a 
certain poverty of language; the problem is much more fundamental. If it were 
only a problem of language, i.e., of terminology, we could easily coin new terms 
to express the different analogous meanings of one concept. The trouble is that 
in order to understand these different analogous meanings we must have the 
original spatial meaning in mind. We can never dispense with it. This proves 
how strongly human knowledge is sense-bound. Yet, there can be no doubt that 
there is definite meaning in speaking of the "extension" of our knowledge. Our 
knowledge may be sense-bound; but it is not restricted exclusively to sense
knowledge. 
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then to be identified with elementary particles or elementary waves, 
and "substantial form" with the structure thereof. In doing this we 
miss the analogy and revert to a strictly mechanistic schema. 

Scimce and the Use of a Mechanistic Schema 

In the 17th century science worked on a mechanistic schema. This 
was certainly not accidental. Science will always use this schema be
cause it is indispensable. Even philosophy cannot fully dispense with 
it. True, philosophy has to transcend it. Philosophy must apply the 
matter-form schema analogously in order to explain the nature of 
matter; but the very fact that it is an analogous application shows how 
indispensable the mechanistic schema is. 

The difference between science and philosophy is that science is 
allowed to use a limited schema if such a schema is helpful in under
standing a certain group of phenomena, whereas philosophy is not 
allowed to do so. Philosophy is from the very beginning directed 
towards the understanding of matter as matter. A limited philosophy 
is therefore a wrong philosophy. A limited science can be a correct 
science with respect to a limited field of phenomena. The kinetic gas 
theory, for example, explains certain phenomena with the help of the 
external behavior of molecules which are supposed not to change 
during the processes covered by the theory. If science can correctly 
explain the phenomena at issue on the basis of a limited mechanical 
schema, nothing is wrong. Science does not contend that molecules 
are unchangeable; science says only that as far as the explanation of 
the kinetic gas theory goes, molecules can be considered as unchang
ing. If science should go further and use the assumption of the im
mutability of molecules outside the field involved, then it would have 
to prove for each field of phenomena that the assumption is true. If 
philosophy, however, uses a mechanistic schema as the ultimate ex
planation of the general nature of matter, it has to prove from the very 
beginning that this schema can explain all the general features of 
matter. Nothing in the field of the general features of matter could be 
left unconsidered. It is when measured by philosophical standards 
that the mechanistic doctrine fai ls. This doctrine can explain some 
particular phenomena, but not the fundamental features of matter . 

The failure of mechanism as an ultimate philosophical explana
tion remained almost unobserved during the 17th and following cen
turies. Not that the philosophical reasons could not be grasped as 
to why mechanism failed, but the seemingly universal success of that 
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system of thought distracted attention from these reasons. It seemed 
as if science had sufficiently proved the universal value of a mecha
nistic schema. The truth was, however, that science could e.."plain 
only a very limited group of phenomena. It could perhaps suggest a 
possible explanation of some others; but that science could explain 
all phenomena on the basis of a mechanistic schema was certainly not 
a justified extrapolation. 

In proportion as science developed, it became clear how limited 
the mechanistic schema was. It is a simplification and it holds good 
as long as the simplification is irrelevant with respect to the phenom
ena under consideration. The chemical atomic theory of the 19th 
century, for example, could simplify the atom, considering it as some
thing unchangeable, as long as that theory focused attention on the 
factor "weight," which does not change during a chemical reaction.1G 

The weight of an atom remains the same in all kinds of compounds. 
This fact was the basis on which Lavoisier and Dalton built up the 
system of elements and compounds. Practically all other properties 
of atoms did not reveal a comparable consistency, but chemistry was 
not yet ready to pay much attention to an explanation of these other 
properties. It was simply assumed that one day they could also be 
explained according to the same mechanistic schema. This expecta
tion, however, was not realized.H1 Contemporary science still works 
with elementary particles, but these particles do not in the least show 
the permanency required by mechanistic philosophy. The schema is 
still useful, but its limitation is clearly established by science. None 
of the "particles" has a "permanent" existence. All are open to 
fundamental changes in which they simply cease to be the particles. 
they were before.H 

Consequently, science has lost even the appearance of favoring the 
mechanistic answer to the question of what individual substances in 

15At least not to such an extent as is observable by the classical methods 
of weighing. 

16Jt should be stressed that the mechanistic principle was never a presuppo
sition of science in the strict sense in which we have used this term in Chapter 
I. T herefore, science could abandon this principle the moment it discovered 
the limitation of the mechanistic schema. 

17See, for example, Francis Bitter, N11clear Physics, Cambridge, Mass., 1950, 
p. 11. 

For a description of the development of science which gradually undermined 
the idea of permanent elementary particles, the reader may be referred to From 
Atomos to Atom, Ch. IV ff. The fact that science still uses the concept of 
"particle" without its former connotation of immutability is nicely indicated 
by the quotation-marks in the title of J, D. Stranathan's book, The "Particles'~ 
of Modem Physics, Philadelphia-Toronto, 1943. 
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the material world are. The progress of science has shown that 

changes are more radical than a mechanistic philosophy can account for. 

The Relativity of the Concept "Imlividwd" 

Considerable time has been devoted to the alternative solutions 

of the problem of what should be considered an "individual" in the 

material world. None of them proved satisfactory. The conception 

of the whole universe as one individual led to insurmountable dif

ficulties with respect to the place of human beings within that one 

universe. The once highly favored conception which considered 

"elementary particles" as the only individuals is, at least in its 

mechanistic form, not tenable because its basic conceptions are in 

conflict with the general aspects of nature. 
T his state of affairs forces us to reconsider the several difficulties 

which exist regarding the application of the formula "natural co

herence in space and time," a term used to characterize a material 

individual. Although the concrete application of the formula may 

not be always clear, the alternative solutions lead nowhere. It must 

be possible to apply the concept "individual" to a reality somewhere 

between "elementary particles" and the universe as a whole. The 

great advantage of the formula "natural coherence in space and time" 

was that it could without great difficulty be applied to human beings, 

to animals, and even to plants, with this restriction as to plants that 

it is sometimes difficult to say whether we are dealing with one 

plant which has several parts or with a combination of several plants. 

The real trouble starts, as has been pointed out, with non-living things. 

Among them it is the rule rather than the exception that no sharp 

distinction is possible between aggregates and real unities, i. e., 

between an accidentally connected collection of individuals and just 

one individual. 

T wo Views arc Possible. Now one can take two views of the 

situation. One can say, the formula used to characterize an indi· 

vidual is not adequate; it is too one-sided, too much tailored to fit 

human beings and animals. But another view is also possible. The 

fact that there is an increase of uncertainty with respect to the applica

tion of the formula when we descend the line from animals to non

living things can also be an indication that the concept of " individual" 

is gradually losing its significance. It is quite possible that nature 

itself gives the term "natural coherence in time and space" a gradually 
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decreasing significance. After all, the term "natural" is derived 
from the term "nature." 

Natt"·al Coherence is Subject to Gradual Decrease. The second 
view is no doubt the correct one. On the level of human beings and 
animals, nature shows such "natural coherences" that being an indi
vidual on that level means something. The "natural coherence" of 
the parts is caused by a nature which possesses a kind of self-preserva
tion that gives the individually existing being a distinctive individuality. 
And not only that, but an individual also has a pronounced organiza
tion-pattern which clearly marks it as an individual of a certain species. 
With plants the natural coherence is much less, but still noticeable. 
However, to divide a plant is very easy; it can sometimes be per
formed without any damage to the plant. 

When we get to non-living matter, we still find "natural coherence," 
but it is as if nature were not any longer interested both in keeping 
its organization-pattern pure and its individuals clearly distinct. A 
piece of impure gold has as strong a "natural coherence" as a piece 
of pure gold. There is really no reason to call only the second an 
individual and the first an aggregate because it does not have one 
organization-pattern. Nor does it seem to make much sense to say 
that a piece of metal consisting of two parts soldered together is not 
one individual but only an aggregate. Its "natural coherence in space 
and time" is hardly discernable from that of a piece of metal with 
just one organization-pattern. Nature does show the different possibili
ties just described, and we have to acknowledge them when speaking 
of individuals. 

So the conclusion from this state of affairs should be that it 
is a violation of nature to make sharp distinctions between aggregates 
and natural unities. Nature also gives many so-called aggregates 
a natural unity. Or let us put it this way: individuals can very 
easily, and in a natural way, so combine that they together form a 
new individual. 

What About the Substantial Form ? But now the question comes 
up as to what the substantial form of that individual is, e.g., two pieces 
of copper soldered together with tin. If there is reason to call such 
soldered pieces one individual substance, then they must have also one 
substantial form. The question is crucial. At first sight, the question 
may even seem fatal, because it seems immediately to expose the weak
ness of the solution given to the problem of what the individuals in the 
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material world are. The reader who up till now has carefully followed 
the arguments put forward to show the relative value of the concept 
of "individuality" and has thought them convincing, will feel embar
rassed (as did the author) when confronted with this question of sub
stantial form. "Substantial form" seems too dignified a concept to be 
subject to the same kind of relativity as the concept of individuality 
perhaps might be. 

Yet the conclusion is inescapable. If the concept of "individual" 
has a relative meaning, then the same seems to apply to that of "sub
stantial form." 

Relativity of the Distinction Between Substantial and Artifici-al 
Forms. In order to remove some of the embarrassment, it may be 
pointed out that Aristotle would have solved the difficulty by saying 
that the individual under consideration (two pieces of soldered cop
per) had an artificial form. The concept "artificial form" was a kind 
of counterpart of that of "substantial form." An "artificial" form was 
a form given to things by man, not by nature. Strictly speaking, Aris
totle considered such a form an accidental form of a very special type. 
This proves that Aristotle was aware of the problem. The trouble is, 
however, that the distinction which Aristotle made between "artificial" 
and "natural" forms is artificial. It has been pointed out in a preceding 
section that nature also offers examples of such artificial forms as are 
being considered at the moment. "Soldering" may be an artificial way 
of uniting things, but nature unites them in exactly the same way. 
The "natural" stones Aristotle speaks of are, as a matter of fact, "sol
dered" stones. 

It therefore seems safe to say that the distinction between sub
stantial and ar tificial form has to be taken in a relative sense. 

There undoubtedly are in the material world very definite and 
mutually different substantial forms, that is, forms possessing different, 
clearly marked fundamental patterns of organization. The usefulness 
of such concepts as electron, proton, neutron, pure chemical element, 
pure chemical compound proves that sufficiently. The concepts of 
pure chemical elements or pure chemical compounds are, however, 
more or less idealizations. In reality there are no pure chemical ele
ments or compounds. Nature knows only approximations thereto. It 
is as if matter were not capable of realizing in a pure way its funda
mental organization-patterns. The potency of primary matter makes 
its influence felt. T he indeterminateness of primary matter which 
causes it to be able to be determined in so many ways prevents, as it 
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were, the actualization by just one pure organization-pattern in greater 
unities than the elementary patterns. 

So the actual substantial forms, the actual fundamental determina
tions of matter do not have the idealized form which they have in our 
theoretical concepts. They are realized in a deficient, or rather mixed, 
way. For this very reason the distinction between substantial and 
artificial form has to be taken in a relative sense. And one should not 
hesitate to speak of one substantial form, even when he is able to dis
cern more than one pure organization-pattern. If these patterns are 
united in a natural way, then there is only one substantial form. For the 
important point is that not one of the pure organization-patterns has 
actualized primary matter ; but an impure or mixed pattern has. That 
is the only one which is present in reality. That is the only substan
tial form which makes the thing that which it is. 

It may be noted that the above solution of the problem, as to what 
the individual substances are, does not imply that there is no difference 
at all between aggregates and substantial unities. ·what has been 
stressed is that the transition is rather gradual ; this fact has been the 
guide to the discussion. It is clear, however, that there are instances 
of obvious aggregates. Mechanical artifacts especially should be so 
considered. However, there is no essential objection to also calling 
such an artifact an "individual." It is an individual with an "artificial 
form," because of the fact that the principle of unity is not given by 
nature, but by the way in which the different parts are artificially 
adapted for the combination. The analogy of the concepts individual 
and substantial form makes it possible to use these terms also in this 
case; but the analogical use is obvious. 

Individuals in Liquids and Gases. So far our discussion has dealt 
exclusively with solid bodies, but not with other material phenomena, 
such as liquids and gases. From all we know about these phenomena 
it seems clear that the only possibility of applying the concept indi
viduals to them is to consider the molecules as individuals. Liquids 
and gases do not show clearly enough pronounced "natural coherence 
in space and time" above the level of molecules to justify calling any
thing other than the molecules individuals. There is some evidence that 
in liquids, and even in gases, the molecules are united in larger unities, 18 

but these unities do not show enough coherence in space and time to 
be called real individuals. The existence of these unities proves, 

18We think, for example, of the regularity shown by X-rays and electron 
diffraction by gases and liquids. 
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however, how gradual the transitions in nature are. Gases and liquids 
already make a beginning with structures of a higher order. But only 
when this hesitant beginning is completed in a solid body are we justi
fied in calling these higher structures "individuals." 

As to light and similar phenomena, it would be venturesome to 
express any definite opinion. There is some physical evidence that 
there are elementary particles of light, yet it does not seem very likely 
that these particles have an individual existence. Only the future 
development of physics, however, can provide the data which are 
necessary for an answer to that problem. 

7. RECAPITULATION 

If a retrospective view is taken of the results obtained in this 
chapter, then two points deserve special attention: first, the profound
ness of Aristotle's analysis of the essence of matter; and, secondly, 
the reason why this analysis is very often neglected. 

As to the first, during the last centuries it may have appeared that 
Aristotle's analysis was entirely wrong. This appearance resulted 
from a very superficial analysis of the then existing science. That 
science seemed to confirm the mechanistic philosophy with which it 
was connected, whereas a more profound analysis of the basic pre
suppositions of that science would have revealed that at least one 
of these presuppositions, namely the species-individual structure of 
matter, was incompatible with a mechanistic philosophy. The further 
development of science has demonstrated that a mechanistic philosophy 
and science are two entirely different things. This development has 
confronted science with changes of a much more radical nature than 
a mechanistic matter-form schema can account for. No material 
organization-pattern which science comes across has a "permanent" 
character with respect to the individual representatives of these pat
terns. Nature is organized in electrons, photons, protons, neutrons, 
atoms, molecules, crystals, plants, and animals; but no individual 
electron, etc., has a permanent existence.19 In nature there is a 
continual changing from one organization-pattern into another, and 
this is exactly what, in Aristotelian terms, should be called "substantial 
change" with respect to substantia secunda. Beside this type of sub-

10It is of interest to note that the "particles" of modern science are much 
closer to the minimum 11aturalia of the Greek and Medieval Aristotelians than 
to the atoms of Democritus. For the doctrine of mi11ima naturalia see From 
Atomos to Atom, p. 41 ff., p. 46 ff., p. 58 ff. 
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stantial change there is place for "substantial change" with respect to 
substantia prima. In this case there is no change of pattern but only 
a break in the pattern. One individual becomes two or more. Finally, 
there are accidental changes. These changes do not destroy either 
the fundamental pattern or the unity of the pattern. 

In view of the fact that the basic ideas of Aristotelian philosophy 
are especially suited to the philosophical needs of modern science, 
it is strange that this philosophy is in many circles still considered 
as too old-fashioned. This misconception shall be considered again 
in the last chapter. For the present, one reason for the miscon
ception may be mentioned in connection with what has been said 
in the present chapter. Philosophy must always use analogous con
cepts. This explains, of course, why scientists have a natural dislike 
for the philosophy of nature. They miss the exactness of scientific 
terms and concepts. They miss also the possibility of verifying the 
outcome of philosophic reasoning by sense-experience. However, this 
dislike of the scientist is not the point to be discussed now in connec
tion with the analogy of philosophic concepts. It is not the scientist, 
after all, who has to work in the field of the philosophy of nature. 

It has been shown in this chapter, however, that the scientist is not 
alone in his dislike of analogy. T he philosopher joins him, and that 
fact is most dangerous for philosophy. This chapter has shown clearly 
that the greatest difficulty in handling such philosophical concepts 
as "substance," "substantial change," and "individual" comes from the 
natural tendency of the philosopher to neglect the analogy of these 
concepts. He has in mind some clear-cut applications of these con
cepts as they relate to human beings. That fact colors the content of 
these concepts. Consequently, when it comes to applying these con
cepts to other levels of matter than that of human beings, the 
philosopher runs into difficulties. He does not see any possibility 
of applying such concepts as "individual," "substance," and "sub
stantial change" to material phenomena. There seems to be nothing 
on the level of matter alone which is worthy of being called "indi
vidual" and which can be put on a par with human individuals. No 
event in matter seems important enough to be labeled a "substantial 
change." No difference seems fundamental enough to be considered 
a "substantial" one. Only two ways are now open. Either the 
philosopher stays in an ivory tower, in which case he speaks only 
in general terms of "substance," "substantial change," and "individu
als" and refrains carefully from confronting physical reality with his 
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abstract terminological system; or else he abandons the whole 
Aristotelian system as though it were built only upon the primitive 
concepts of daily life. 

The result in both cases is the same. The outsider is confirmed 
in his conviction that Aristotelian philosophy is an old-fashioned system 
not suited to modern use. Yet nothing is further from the truth. 
Provided that their analogous meaning is understood, the Aristotelian 
concepts are extremely useful for analyzing .the fundamental nature 
of matter. 

This will be demonstrated again when we turn our attention in the 
next chapters to the problems connected with the quantitative and 
qualitative character of matter, and with the way matter acts. These 
chapters will also provide the opportunity to discuss some problems 
which in this chapter were only touched upon. To mention only one, 
it has been shown in the beginning of this chapter that the conception 
of "substantial change" as a change for which science could not give 
an explanation was highly unfortunate. This notion of substantial 
change has nothing at all to do with substantial change. It is even the 
opposite of the spirit of Aristotelian philosophy, as will be discussed 
in Chapter VI. 
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Only if there existed an ether in the sense used by Lorentz, could 
place be considered absolutely immobile. For the ether of Lorentz 
was supposed to pervade all physical bodies. It would be, therefore, 
an ideal "localization medium," as Hoenen has called it. All physical 
bodies would be in immediate contact with the immobile ether. 

It does not appear, however, that place requires the existence of 
such an absolutely immobile physical extension. This may be for the 
present a sufficient discussion of "place." Place appears to be much 
closer to reality than space is. Space is an abstraction based upon the 
existence of extended physical entities. But place is a reality con
sisting of the external relationship between the extension of one body 
and the extension of another. 

There are, of course, more problems involved than those discussed 
here, but all aspects of the quantitative character of matter are so 
closely connected that it is preferable to discuss some of the other 
aspects fi rst. 

3. MOTION 

Importance o f M otion 

One of the most important concepts of the philosophy of nature is 
the concept "motion." As a matter of fact, material being is often 
defined as ens mobile, mobile being. In this expression, the concept 
mobile has a broader meaning than that connected with local motion. 
It indicates all kinds of change in matter. These kinds are substantial 
change, change in quality, and local change. In the previous chapter 
substantial change was dealt with. The next chapter will be partly 
devoted to qualitative change. The present chapter will concentrate 
on problems connected with local motion, although a few words will 
be devoted to motion in general. 

Local motion is one of the topics which has always occupied a 
very important place in the philosophy of nature. Aristotle was 
very much interested in it, and analyzed it thoroughly. The thinkers 
of the 17th century directed one of their severest attacks against 
Aristotle's analysis of the phenomena of motion. It is even justifi
able to say that the different point of view toward the problems of 
local motion in the 17th century was one of the main causes for the 
fall of Aristotle. The new natural science of the 17th century was 
above all a mechanics. It was mentioned in Chapter II that this 
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new mechanics did more than merely correct several mistakes in Aris
totle's mechanics. It showed the possibility of a new approach to 
the phenomena of nature. Whereas Aristotle's analysis of local 
motion was a mixture of philosophical and scientific analysis, with 
the result that both were distorted, the new mechanics was, on the 
contrary, exclusively scientific. 

This being so, a discussion of the problems of local motion should 
give an opportunity for illustrating several points already discussed 
in previous chapters, such as: first, the fundamental difference 
between a scientific and a philosophical analysis; next, how easily 
this fundamental difference is lost sight of, with all the unfortunate 
consequences thereof for both philosophy and science; and finally, 
the fact that all philosophical concepts are analogous. 

Aristotle's De{i11itiotz of Motio11 

Aristotle's definition of motion leaves no doubt that his approach 
to the phenomena of motion is, above all, philosophical. He defines 
motion as "the actualization of that which is in potency, insofar as it 
is still in potency. "7 

It should be understood that this is a genuine philosophical defini
tion. Aristotle is defining motion in the metaphysical terms of act 
and potency. It is also clear that the definition applies to all kinds 
of motion; there is no special reference to local motion, for instance. 

The definition is not exactly easy to comprehend and, therefore, 
warrants consideration in detail. T he definition says that motion 
is something between potency and act. Motion is neither a static 
act nor a static potency. As long as a certain thing is still entirely 
in potency, it is not yet in motion. H ence the definition speaks of 
the actualization of that which is in potency. On the other hand, 
when the potency is entirely actualized there is no motion either. 
Motion is the very process of actualization. For this reason Aris
totle adds the words "insofar as it is still in potency". Motion is 
the actualization of a potency as long as the potency is still present 
and not fully actualized. 

The Unity of Motion. The most important point in Aristotle's 
definition is that he sees motion as a unity. Motion is conceived as one 
continuous process of actualization. The goal to be achieved, the end, 
is already present in the beginning of a motion. It gives the motion 
its unity. It connects the successive phases of a motion as steps to-

1Phys. III, 1, 201a 10. 
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wards a common end. Thus. the end of the motion, which comes into 
existence as final actualization of this motion only after the motion is 
over (or rather at the very moment the motion stops), must already 
have a certain existence during the entire motion. For without 
existing it cannot direct and unify the motion. What kind of existence 
is that? 

The obvious answer that it is a potential existence does not 
explain much. A potency can never exist alone; it can exist only as 
connected with an actuality. A potential oak exists as an actual 
acorn. So we want to know in what actuality the end of a motion 
potentially exists during a motion. In order to prepare the answer, 
the consideration of a concrete instance of motion, such as an arrow 
flying to its goal, can be of great help. A concrete instance offers the 
opportunity to clarify the abstract notions involved. 

Strictly speaking, the only thing that actually exists at a certain 
moment during the motion of the arrow is a particular phase of that 
mot ion. If the arrow is in the air and on its way, it has left its start
ing-point behind. The part of the motion that lies between the 
starting-point and the actual phase under consideration no longer 
exists, whereas the different phases between the actual phase and the 
goal do not yet exist. Thus it seems that motion is built up of individ
ual phases which never exist together. It seems that only parts of 
the motion exist, but never the whole. To a certain extent this is 
correct. Motion is a so-called contint,um ftuens, a flowing con
tinuum, a kind of continuum whose parts never exist together. 

On the other hand, it is also clear that a motion has a unity 
which is more than just a series of successive phases. The actual 
situation of a certain phase, existing at a certain moment, already 
possesses in potency what will be the next step in the process of 
actualization. T he arrow has in each phase a certain direction. In 
that actual direction the end is already present in potency, even at 
the beginning of the motion. The constant presence of such an 
actual direction connects the different phases of a motion and gives 
it its own and specific type of unity. This unity is the gradual 
actualization of an inherent potential goal. It is entirely possible, 
of course, that the final end of the motion will never be reached 
since the goal is present only in potency and does not exist in act. 
The motion of the arrow can be broken at any moment by an external 
cause, but the tendency to reach the end is present in every phase 
of the motion. 
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There can be no doubt that Aristotle's definition expresses in an 
exact way the status of being which is specific for a motion. His defini
tion accounts for the unity of a motion as well as for its extension in 
time. It is a being under way with all the risks connected with that 
situation, but it is a being under way with a definite goal. One is 
almost tempted to say "with a definite goal in mind." This reveals 
the first of a series of objections to the definition of Aristotle which 
must be discussed . 

The Concept of Finality 

The first objection to Aristotle's definition of motion is that it is 
anthropomorphic. Is it not based upon an analysis of motion which 
can make sense only when human actions are involved? If the end 
of a motion is not only an end point in time, but also a final goal to 
be achieved which from the very beginning directs the entire course 
of the motion, is it not then necessarily presupposed that such a final 
goal is known by somebody who imposed that final goal upon a 
motion? 

The Atwlogy of Finality. This objection undoubtedly reveals a 
danger that should be avoided, but it does not destroy the analysis of 
Aristotle. The analysis itself is not based upon anthropomorphism, but 
it must be correctly understood. It is true that when speaking of such 
concepts as "goal," "end," or "finality," we think, first of all, of human 
actions. As a consequence there is a natural tendency to fill the 
content of these concepts with characteristics found only when thest: 
concepts are used in connection with human actions. 

The same kind of difficulty existed with respect to the content of 
the concept su.bstance.8 The concept s1tbstance has a clear meaning 
when applied to human beings. Hence the tendency to apply such a 
concept in exactly the same way to material objects. In doing so we 
forget that the concept "substance" is analogous and has to be used 
in an analogous way. 

With respect to the concepts of finality and the like the same 
tendency to neglect analogy exists. When human actions are in
volved, it is perfectly clear what "finality" means. A certain action is 
undertaken with a certain goal in mind. Thus the goal directs the 
action. The goal does not yet exist in reality, but it exists in the human 

SSee p. 123 ff. 
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mind and is, therefore, able to direct the action. There is no violation 

of the law which says that a non-existing thing cannot act. ·when 

we consider, however, a motion at the level of matter it seems that 

there is no possibility of giving the end of a motion a kind oi existence 

apart from the existence which lies in the realization of that end at 

the very completion of the motion. There is no mind in the moving 

object that knows its end and that, therefore, can direct the motion. 

Renee the objection that Aristotle's analysis is based upon anthro

pomorphism. Yet, this is not the case. There can be a tendency towards 

a certain goal without the consequence that this goal has to be known. 

Inherent Tendency of a Motion. Once again, the example of the 

flying arrow can help us to understand the nature of such an inherent 

tendency. The example is particularly interesting, because it seems 

to be a clear-cut instance of an anthropomorphic example. The motion 

of the arrow is the result of a human action, and the goal of that 

motion is determined by the archer. However, the fact that human 

action gives the arrow its direction is irrelevant to the existence of 

an inherent tendency in the motion itself. 
In order to understand this, let us consider the case where the 

arrow is given a wrong direction, so that it will miss its intended 

goal. There is also in this instance a tendency which is objectively 

realized, but which is different from the tendency which was in

tended. When finality with respect to a moving body is spoken of, 

then this term does not refer to the intended aim, but only to the 

tendency which is objectively realized in the direction of that moving 

body. The goal of the motion is, therefore, in an objective way present 

as a tendency-that is, a direction by which the course of the motion 

is determined at every moment of that motion. This tendency is not 

necessarily known and is not necessarily an intended tendency. It 

exists as a determination by natural forces. It is not the good inten

tion of the archer which di rects the motion, but the tendency which is 

realized in the material object as a result of the working of certain 

mechanical laws. 

Scieuce and Fi11ality. The existence of such tendencies in nature 

is obvious, not only with respect to local motion, but also with respect 

to motion in general. Two chemical elements, such as sodium and 

chlorine, for instance, react in a definite way according to their nature. 

"Reacting in a definite way," however, is tantamount to "tendiug to 

a certain result." 
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The existence of tendencies with respect to locomotion provides 
science with a special method to handle most of its mechanical prob
lems. This method can be illustrated by a concrete example, such as 
water running down a hill. There are two possible descriptions of 
this phenomenon. The first is that the water is attracted by gravita
tional forces; the combination of these forces with those caused by 
the resistance of stones determines the route the water takes. We are 
even able to calculate from point to point the actual course of the 
water. The second description is, more or less, made in terms of 
tendencies. For example, the water tries to reach a place of less 
potential energy, i.e. a place as close as possible to the centre of the 
earth. It seeks to do so with a minimum of work. This is the principle 
of least action which B. Russell has called "a law of cosmic laziness."0 

The law states that a moving body always choses the route which 
involves least work. There are other similar minimum principles; 
one, which is the principle of Fermat, states that a beam of light 
follows the route which involves the least time. 

Causality and Finality Are Co-principles. The interesting point 
now is that science is able to describe any motion in these two ways. 
Any one motion can be considered the result either of the acting forces 
or of the tendencies expressed in the minimum principles.10 It should 
be stressed that both descriptions are two sides of the same picture. 
Sometimes both advocates and opponents of the final aspects of the 
material world seem to think of "finality" as something superimposed 
upon the acting forces. This is a serious misunderstanding. The 
acting forces act in such a way as to realize the final aspects. The 
final aspects are nothing but the inherent tendencies of the acting 
forces. That is the reason why the actual course of a motion can be 
followed by studying either the acting forces or the finality of that 
motion. Causality and finality are co-principles. Where causality is, 
there is also finality. Moreover, the type of finality corresponds with 
the type of causality. If the causality is deterministic, then so is the 
finality. If the causality is free, then so is the finality. Only in the 
latter instance can finality be identified with "purpose." Stressing the 
fact that there is finality in nature does not imply therefore, the 
existence of "purpose" in a human sense. 

DHtmran Knowledge, Its Scope and Limits, London, 1948, p. 328. 
lOThe difference is, technically speaking, the difference between an integral 

relation and a set of differential equations. See Henry Margenau, The 
Nature of Physical Reality, New York-Toronto-London, 1950, p. 423. 
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Aristotl~s Physical Conception of Motion 

A second objection to Aristotle's definition of motion deals with the 
fact that his concept of motion was closely connected with an 
erroneous physical conception of the world. So the legitimate question 
arises as to whether his philosophical analysis was not dependent upon 
his erroneous physical theory. T he question is particularly pertinent 
when local motion is considered. Let us first consider Aristotle's 
ideas about local motion. 

Aristotle divided local motion into two categories, natural motion 
and violent motion. The fall of an object offers an example of 
a natural motion. According to Aristotle, each "heavy" body has 
a natural tendency to fall, whereas "light" bodies have a natural 
tendency to r ise. Because these motions occur under the influence 
of natural tendencies caused by the nature of the objects involved, 
Aristotle calls them "natural" motions. Beside these "natural" mo
tions, "violent' ' motions are possible: A stone can be thrown away, 
an arrow can be directed toward a goal. These motions are called 
"violent" because they violate the natural tendency of a stone or an 
arrow to move toward the centre of the earth, which is the locus 
naturalis ( the natural place) for a stone or an arrow because these 
objects are "heavy." The locus natttralis of light objects is located in 
the outer sphere of the universe. H ence the natural tendency of light 
objects to rise. To understand this conception of Aristotle, it should 
be remembered that according to him the earth was the centre of the 
universe. 

It is clear that in Aristotle's conception of the physical world 
the concept "natural tendency" plays a much more important role 
than in modern physics. With Aristotle a natural motion ends, if 
nothing interferes, in the locus naturalis. In that place the motion 
stops because the object has reached its natural goal, the place where 
it belongs on account of its nature. There is a fundamental difference 
between the state of motion and the state of natural rest in the 
locus naturalis. In view of this conception of Aristotle, his philosophi
cal definition of motion appears in a new light. For example, is the 
fact that Aristotle stresses the finality of a motion independent of his 
ideas of natural place? Is not his analysis of a motion as a process 
of actualization determined by his physical views? The end of 
a motion is called an act. This suggests that the end of a motion has 
a higher status than the beginning. It is all perfectly understandable 
if end is interpreted as the natttral place, the natural destination of all 
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motion. All motion stops there because the natural tendency is satis
fied. As. to violent motion, its goal is, of course, not natural, but it 
still has something of a goal to be achieved, namely, one imposed 
upon the object by force. The moment the force stops working, the 
violent motion stops too. 

Before an examination is made of the extent to which Aristotle's 
philosophical analysis depends upon his physical conceptions, it is 
important first to have a look at modern physical ideas. 

The Modern Physical Con ception of M otion 

Modern physics is entirely different from that of Aristotle. 
According to the mechanics established by Galileo and Newton in 
the 17th century, there is no reason to distinguish between natural and 
violent motion ; there is no such thing as a locus tz.atttralis. Modern 
mechanics holds that, once in motion, an object maintains this motion 
unless it is stopped by some physical force (the law of inertia) . 
T his means that no physical force is needed for maintenance of a 
uniform motion. A physical force accelerates or decelerates a motion. 

T wo points require attention. First, there is the fact that there 
i:; no essential difference between the status of rest and the status 
of uniform motion. If an object is at rest, it will remain in this 
state unless a physical force acts upon it. Physical obj ects every
where seem to be in a locus natural-is when no physical force is 
working on them. 

The second point is that a motion has a natural tendency to con
tinue. There seems to be no natural goal for motion, no act to be 
achieved. 

There can be no serious doubt that the description of motions in 
terms of the mechanics of the 17th century is much more exact than 
Aristotle's. Thus the Newtonian mechanics should be accepted as 
true.11 Consequently, the all-important problem, whether or not the 
new mechanical views on motion have invalidated the philosophical 
analysis of Aristotle, must be discussed. It must be determined 
whether the elimination of the concepts locus naturalis and natt,ral 
t·est leads to the result that the Aristotelian definition of motion also 
is erroneous. It must further be determined whether the mechanical 
law that a uniform motion has no end can be reconciled with the 

11There is no need of discussing here certain improvements and new 
theoretical points which the theory of relativity has brought forward. See 
p. 174 ff. 



164 The Philosophy of Nature 

Aristotelian idea that every motion has a determined tendency 
towards an end. 

Aristotle's Analysis of Motion Is Not Based Upon His Faulty Physics 

Locus Naturalis and Natural Tendencies. The solution of the 
first problem, the elimination of the concept locus naturalis and natural 
fest, is not difficult after what has been said earlier in this section 
about the existence of a determined tendency in any motion. This 
was a philosophical conclusion based upon the simple fact that there 
are laws which govern all motions and changes in nature. The fact 
that Aristotle erred in his understanding of the physical and chemi
cal content of these laws is not important. His philosophical con
clusion was based upon the existence of such laws, not upon their 
specific content. Once again the fundamental difference between 
philosophy and science should be stressed. Philosophy discusses the 
general characteristics of matter. Science, presupposing these char
acteristics, tries to give them specific content. 

Aristotle was interested in both science and philosophy. As a 
result, his conclusions in both fields sometimes so overlapped that 
their difference can hardly be distinguished. The concept locus natu
ralis, for example, had a double sense with Aristotle. It indicated 
both a physical place and the fact that each local motion had a natural 
and inherent tendency. Nowadays it is known that Aristotle was 
wrong in his idea that all heavy things had a natural tendency to 
a place located in the centre of the earth. He was not wrong, how
ever, in observing that there were definite tendencies working in 
nature. We know now that there is no such thing as a locus naturalis 
for each particular kind of matter. Matter can move to all places, 
depending upon circumstances. Each motion, however, is determined 
by certain laws which give that particular motion its particular in
herent direction or tendency. It should be stressed that the knowledge 
that such a direction exists does not in the least imply a knowledge of 
the specific character of this direction. Where modern physicists speak 
of "gravitation," Aristotle spoke of "tendency towards the natural 
place in the centre of the earth." The physical implications of both 
descriptions are quite different, but they both express the same philo
sophical truth, namely, that there is direction in all motion. 

The Law of Inertia. The second difficulty is related to the law 
of inertia. This difficulty can be formulated as follows : If the law 
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of inertia, that a local motion never stops of its own account, is true, 
then the conclusion seems obvious that a motion does not have an 
"end" in the Aristotelian sense of this term. No de facto end of a 
motion can be considered the actualization of a tendency present in 
a motion. Consequently, it seems that the analysis of motion in terms 
of potency and act assumes the existence of a definite end of each 
motion as the natural achievement or perfection of that motion. 
This assumption is proved to be wrong with respect to what are 
called uniform motions. In such motions there seem to be eternal 
potency but no act. Such a situation seems to deprive the whole 
analysis of its meaning in terms of potency and act. 

In a substantial change the natural end of the motion is the new 
substantial form. In a local motion under influence of gravitation 
there is a tendency to reach a lower state of energy. There is, there
fore, in both instances something that seems to have the nature of 
an act to be achieved. But in a uniform motion no such act seems 
to exist. 

Since the second difficulty deals with the analysis of a motion 
in terms of potency and act, that difficulty involves the very definition 
of motion. Accordingly, a careful consideration of the difficulty is 
a matter of necessity. 

The Law of Inertia Deals With Real Motions. The problem 
cannot be solved by such a superficial argument as that such 
motions as the law of inerita describes do not exist. The law of 
inertia is not supposed to speak of real motions, for it assumes the 
absence of physical forces, which, as matter of fact, are never absent 
in reality. S ince Aristotle's analysis deals with real motions, the 
difficulty does not exist. 

Such an argument does not seem to solve anything. For the 
reason science established the law of inertia was not because it was 
interested in non-existent motions, it did so because the law of 
inertia is of great help in analyzing real motions. It points out an 
important tendency in all motions, namely, the tendency to continue 
a motion ; and that tendency is real. 

The Solution of the Difficulty. The solution of the difficulty 
should be sought in another direction than by disparaging the value 
of scientific data. It should be asked whether the analysis of a motion 
in terms of potency and act requires a final act in which motion comes 
to rest. It is of interest to note that Aristotle himself would certainly 
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have answered no to that question. He would have referred to the 
eternal circular movement of heavenly bodies as an instance of cease
less motion. So it must be possible to apply analysis in terms of 
potency and act to motions which are endless. 

The difficulty is, of course, not that such a motion does not 
reveal the actualization of a potency. The moving body goes con
tinuously from one place to another, say from A towards B, from 
B towards C, etc. If this body is actually in place A, then it is not 
in place B, but is moving towards B. Therefore, there is a definite 
potency of being at B. The arrival at B means the actualization of 
that potency. But this actualization is no final act, yet such a final act 
seems necessary to give to the motion its unity. However, the arrival 
at B includes the potency of going on to C, etc. In other words, each 
moment of the motion has a definite tendency towards further actuali
zation, and it is this which gives the motion its unity. There may be, 
therefore, no final act which gives the motion its unity, but such a 
final act is not necessary for motion to possess unity. The process 
of gradual actualization in a definite direction is sufficient. 

It is now clear why the law of inertia seems to affect so much 
the analysis of motion in terms of potency and act. It was because 
of the kind of example used to clarify this definition of motion. The 
example was misleading because the goal of the arrow assumed too 
much importance in the explanation. As a matter of fact, the goal 
was quite irrelevant as concerns the unity of the motion of the arrow. 
The goal was important only for the intended direction, not for the 
inherent direction of the motion itself. And it is this latter alone 
that is important, as has already been revealed in the discussion of 
anthropomorphism. 

The reader with a scientific background is perhaps a little annoyed 
that no scientific development seems to have any important bearing 
upon the philosophical analysis of motion. Yet, that is the simple 
truth. Aristotle's analysis of motion was based upon the general 
character of motion. T he fact that he had many erroneous physical 
ideas did not prevent him from recognizing the general character of 
motion. 

Hylomorphism and Motion 

This discussion of motion may be concluded with a brief con
sideration of the relationship between some of the fundamental 
aspects of motion and the general doctrine of hylomorphism. Speak-
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ing of the nature of matter, it has been seen that matter is essentially 
changeable. Matter is constantly changing, acting, and reacting, 
according to fixed patterns. So we recognize two characteristics 
inherent in the very essence of matter,-a certain restlessness and the 
stabilizing influence of form. The same characteristics are found in 
local motion. Restlessness is dominated by certain definite tendencies. 
Just as no material substance is pure act, but is always mixed with 
potency, and is therefore subject to change, so no local motion ever 
achieves a state of pure act. It is always in potency to further 
motion. Matter is moved by tendencies which never have complete 
fulfillment. Matter is restless, in principle, as an immediate conse
quence of its hylomorphic composition of potency and act. Matter 
is never pure potency, but it is also never pure act. 

Thus it appears that the dynamic picture of the structure of the 
universe that modern science gives is really more in accordance with 
the principles of Aristotelian philosophy than is the static conception 
of Aristotle himself. Thus the principle of inertia, instead of being 
a fundamental obstacle to Aristotle's philosophical analysis of motion, 
rather confirms it if we take the trouble to understand the philosophi
cal implications of the principle. 

4. TIME 

Similarity Between Time and Space 

Closely related to motion is time. Without motion it is not only 
impossible to measure time, but it is even impossible to know of the 
existence of time. Thus the question arises as to how close the rela
tionship bet~een time and motion is. Before discussing this problem, 
however, the attention must be focused on other aspects of time which 
show how much time and space have in common. Spatial distance 
corresponds with distance in time. "Being at the same place" finds 
its counterpart in "happening at the same time." As there is a 
"before" and "after" with respect to distance in space, so is there a 
"before" and "after" in time. 

It is somewhat difficult to realize that there is a difference between 
spatial and temporal "before" and "after." The reason for this 
difficulty is that in thinking of spatial "before" and "after" we think 
in terms of going from one place to another, and that immediately 
involves temporal aspects. For example, in travelling from New 
York to Washington, Washington is reached "after" Philadelphia. 


