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The difficulties that confront a reader of Aristotle's Physics begin with the title, and 

it is worth thinking about why. If you picked up for the first time a book that had the word 

mathematics in the title, and saw that it contained no algebraic equations, you might be 

surprised but you wouldn't be confused. You know that there is more than one kind of 

mathematics. You probably learned a lot of perfectly good arithmetic and geometry, 

perhaps even trigonometry, before you ever had to solve for an unknown. But when you 

pick up a book that claims to be about physics, and find no algebraic equations in it, you 

might wonder who is trying to kid you. Physics, after all, is the study of matter and energy, 

and these are only known through relations like "force equals mass times acceleration," or 

"the integral of force through distance is one-half the product of the mass and the square 

of the velocity." I have added nothing whatever to these two statements by saying them in 

words. I might have saved my breath by saying them in symbols, because the things I am 

talking about are not translatable into English, or any other language humans speak, but 

have their whole meaning within algebraic relations. But why should there be diverse kinds 

of mathematics, but only one thing that has a .right to be called physics, and why is physics 

the narrower of the two? 

These are not questions about how we use words, but about what we believe 

knowledge is, and what activities we recognize as instances of knowing. In the second Book 

of the Physics, just as also in the second Book of the Metaphysics, Aristotle has to explain 

why he is not going to treat his subject mathematically. His choice is not a matter of taste 

or preference, but a reasoned conclusion. We will consider his reasons in a few moments, 

but first let's think a bit about what mathematics is. You probably all know that in Greek 

ta mathemata are the leamable things, and therefore the understandable things. In some 

eminent way, mathematics is the place where understanding is achieved and displayed. But 

what is it that gives mathematics this special position? 

The seventeenth-century philosopher Descartes, in Part II of his Discourse on Method, 

gives an answer. Of all those who have ever sought for truth, he says, only the 

mathematicians have found any that was evident and certain, because only they have 
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constructed methodical demonstrations. Start with truths that are simple and evident, 

proceed step-by-step with inferences that are certain, and everything knowable, however 

remote and obscure it may seem to begin with, will eventually be trapped in a net of 

certainty. Knowledge is built like houses, streets, and cities, brick by brick, set parallel and 

at right angles, without choice, without flair, and without risk. How much of this Descartes 

really means is a question I can't help you with, and this is not going to be a lecture about 

Descartes. He has an ancient prototype, to whom I will soon turn. But if it is true that it 

is proof that makes mathematics what it is, what are we to say of the following example? 

In this century there was a mathematician named Ramanujan, who blossomed in India 

without benefit of an education. He was considered to have the highest mathematical genius 

and originality, but to have no idea of proof. How is such a thing possible? 

The connection between knowledge and mathematics is artfully presented in Plato's 

Theaetetus. It is with mathematicians that Socrates asks the question, what is knowledge? 

And with the same art, Plato indicates that the question about knowledge is bound up with 

the question of what it is that makes mathematics the eminent example of knowledge. The 

latter question is never formulated in the dialogue, but it is put in front of us dramatically, 

in the two people, Theaetetus and Theodorus. The student and teacher are both 

mathematicians, but there is a world of difference between them, and the unanswered 

question about knowledge is reflected in that difference. 

Theodorus once proved (147D) that if a square has an area of three square feet, its 

side is incommensurable in length with the foot. And he proved the same thing again about 

the square of five square feet, and again and again and again with six, seven, eight, ten, 

eleven, twelve, thirteen, fourteen, fifteen, and seventeen. This is a man who believes in 

proofs. If one proof is good, twelve are better, because certainty is achieved every time. 

Theodorus is a man who doesn't like controversy. His strongest expression of feeling in the 

dialogue comes when Socrates asks him (170D) whether people disagree with all his 

opinions. He swears an oath to Zeus, quotes Homer, and says that tens of thousands of 
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people always disagree with him, and surround him with troubles that are more than human 

beings can bear. In fact, in his younger days, Theodorus had turned away from philosophy 

and toward mathematics (165A). He says it was because philosophic talk consists of bare 

words, but what does he mean by bare? He shows immediately that he means that they are 

lacking in certainty; in one of his many refusals to take part in the discussion with Socrates, 

he says that he fears the shame of being overturned in argument. Mathematics is for 

Theodorus a haven of certainty. Because it has proofs, it is foolproof knowledge. 

But the picture of Theodorus at work proving things contains a contrasting picture 

of Theaetetus at work seeing something. Dissatisfied with an infinitely repeatable procedure, 

Theaetetus looks for and finds a single image by which he can see at glance whether any 

number of square feet will have a side that is incommensurable with the one-foot length: 

the image of the oblong rectangle. For any number, one need only see whether it can be 

produced by an equal times an equal; if it cannot, then as a square it will have a side that 

is neither any number of feet nor any fraction of a number. Theaetetus' proof of this is not 

given by Plato, but it appears in Euclid's proposition X,9. It is roughly this: one shows frrst 

that the squares on any two commensurable lines have areas in the same ratio as some pair 

of square numbers. Then if any square does not have a number of square feet equal to a 

square number, it cannot be on a side commensurable with the foot. As a proof, it is not 

very interesting. As an insight it is remarkable, and Socrates calls it "most beautiful" (148A). 

This might remind us that Theodorus began the dialogue by telling Socrates that Theaetetus 

is not beautiful, in fear that someone might suspect that he loved him, but is so far from 

being beautiful that he resembles Socrates. Theodorus fears that the integrity of his 

judgement would be compromised if what is known as true is also lovable as beautiful. 

Once one has noticed the picture Plato has drawn, it is unforgettable. What is the 

mathematician aiming at? Theodorus has found safety in certainty; Theaetetus stretches out 

to see the true in the beautiful. In the dialogue, Theaetetus repeatedly fails to see the image 

of knowing in his own seeing, but he is miles ahead of Theodorus, who must be prodded, 
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nagged, flattered, shamed, and roused to anger before he finally begins to take the risks that 

might lead to knowing. Mathematics is an example of knowing worthy of imitation not 

because it is so safe, but because it sees what it is thinking. In mathematics, things that are 

present to the intellect and understanding alone are present in such a way that the language 

of seeing must be used to descnbe it. I am sure you have all had the experience of learning 

a proof, but not seeing the conclusion. Was there ever a time after such an experience when 

you said, "Now I see"? If so, then you also see, now, what I mean. You see that in 

mathematics, a truth might be something that you not only think, not only understand, but 

encounter in the act of contemplation. 

The answer to the question, what is knowledge?, is never formulated in words in the 

Iheaetetus, but it is set in front of us, in pieces, to be seen. We are invited to recognize 

what knowledge is in such a way that by doing so we must enact it, engage in the act of 

knowing. Knowing resembles sense-perception in its immediacy, its first-hand, eyewitness 

character, but it cannot be sense-perception because the objects of the senses are fluctuating 

things that have no identity. Knowing must belong to some power of the soul other than 

sensing. But Theaetetus overshoots this other power when he calls it opinion. Socrates 

shows him that opinion is the residue that remains when thinking stops (190A). But the live 

thinking that permits the formation of an opinion might be the very activity of the soul that 

sees the evident intelligible things just as the eyes see the evident visual things. The last part 

of the dialogue, in which a logos is taken to mean an analysis into parts, keeps running into 

the difficulty than an intelligible whole must already be present as a whole before any 

analysis can be judged complete or correct. For example, in order to know that two times 

three is the same as four plus two, we must know six in some way that is independent of 

both analyses. In this humble example of knowing what six is, we can see the point that 

Theaetetus kept missing, just as he saw the point that Theodorus kept missing in his endless 

proofs about squares. 

On this way of looking at things, the glory of mathematics is not its procedure, and 
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certainly not its subject matter, but the fact that it makes the experience of contemplation 

readily available to us. The two authors with whom our math tutorial begins know this well. 

In I, 47, Euclid sets in front of us a construction in which almost everything that has 

preceded it is present in one image, and in Book XIII, in a five-fold image, he achieves the 

feat of bringing together most of the most striking things that have been shown in the 

previous twelve books. Ptolemy also constructs the Almagest to lead up to a high moment 

of seeing, in Book XII, in his common, composite diagram, which shows how, on either of 

two hypotheses, a ratio produces the appearances of planetary retrogradation. It goes 

without saying that the same picture reveals the causes of planetary progression, so that one 

image lays bare the intelligible heart of the cosmos. When Ptolemy speaks of contemplating 

the things that are always as they are, he does not mean bending the neck backwards at 

night. These three examples of objects of contemplation are not meant to be flashes of 

intuition, but are prepared for by long and disciplined work. But in them, what thinking has 

encountered successively in time reassembles itself in simultaneous presence. Active thinking 

still has to be going on, or the object will collapse, but it is not one-thing-after-another 

thinking. It is the kind of thinking we intend when we speak not of propositions but of 

theorems. What is proposed must be judged, and is at best adopted as a secure opinion, but 

a theorem is beheld. It belongs to the theater of the intellect. In Greek, this contemplative 

activity is called theoria. 

The examples I have given may make it seem that the theater of the intellect is the 

imagination, but this cannot be true. Just as the triangle drawn on the blackboard, on paper, 

or in the sand, serves only to direct the imagination to make a more adequate image, so the 

triangle in the imagination serves only to direct the intellect. Triangles are made of lines, 

and lines are breadthless, so anything we can see in the imagination cannot be the triangle 

about which we reason. But the picture in the imagination is a stepping-stone to seeing what 

is invisible. In the diagram of I, 47, the eye can follow an area between parallels to see it 

reappear in a different place and shape, yet as the same. The eye can do this because it is 
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informed by the intellect which has learned the elementary properties of parallel lines in 

Book I. But just as the intellect can inform the eye, in this case the eye of imagination, the 

eye can supply content to the intellect. The lines that form one construction, present all at 

once, mark out also one complex of interrelated properties of the triangle, on which the gaze 

of the intellect itself can rest. 

But does this mean that anything that is present in imagination can become content 

for the contemplation of the intellect? Aristotle says no. We might imagine that a human 

being is bigger than a city, or bigger than the universe, but nothing follows from that about 

what is true or even what is possible. This argument, at the end of Book III of the Physics, 

applies directly to the proof Lucretius gives of the infinity of the world. Lucretius asks what 

would happen to a javelin thrown outward from the supposed edge of the world, and his 

fantasy supplies an answer. But I could make a counter-fantasy that preserves the finitude 

of the world: the thrower swings his arm in a mighty arc, and the javelin flies backward 

toward the earth. The imagination is compatible with two pictures that are not compatible 

with each other. Either one can provide content for an opinion, but contemplation can only 

be directed at what is true. So there are things in the imagination that cannot become 

present in any way in the intellect. 

But suppose we ask the opposite question. Can everything that is in the intellect 

become present in imagination? It would seem that the highest, imageless kind of thinking 

must go beyond what the imagination is capable of, but Aristotle does not agree. In Book 

III, Chapter 8, of De Anima, Aristotle makes the surprising claims that whenever the 

intellect contemplates, it also beholds some image, and that, though the primary objects of 

the intellect are not themselves imaginable, they always have images. To understand what 

Aristotle is saying, one must distinguish the immediacy of contemplation from the successive 

making of connections. The kind of step-by-step thinking that we ordinarily do is obviously 

possible without images; we think, if all A is B, and all B is C, then all A must be C, and the 

necessity of the conclusion is only obscured by images. This kind of thinking is called 
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dianoia in Greek, and proceeds by assertions and denials, which Aristotle explicitly rules out 

in the passage we are considering. It is only nous, the contemplative intellect, that is 

guaranteed to be imbedded in images. 

But the necessity that every object of intellect have an image must have some cause. 

What can it be? I am sure that some of you are there ahead of me. After all, everyone 

knows that Aristotle rejected Plato's belief in separate forms, and taught that the universals 

that the intellect deals with are produced by th.e act of abstraction. If the universals came 

out of the sensible particulars in the fist place, then the images of those particulars would 

also be images of the corresponding abstractions. There is only one problem with this 

solution. Like most of the things that everyone knows about Aristotle, this one is not true. 

It is not even close. It is so spectacularly wrong that it blocks the understanding of anything 

Aristotle thought. It is not a tenable doctrine in the first place, as I will try to show. But 

worse than that, the belief that Aristotle held such a view makes the Physics a closed book, 

and that in turn deprives us of the most powerful alternative we might consider to the 

physics we are accustomed to. The idea of abstraction, as we use it and as we tend to 

impose it on Aristotle, abolishes the idea of nature. 

What, then, do we mean by abstraction? On the first day of your freshman math 

tutorial, when you or someone else said that points and lines are abstractions, what did you 

or she or he mean? In your Plato seminars, when people called justice and beauty 

abstractions, what did they mean? We do not need to examine the immense and diverse 

medieval and modern philosophic literature about the topic to be sure of certain things. An 

abstraction is a second-class citizen in the realm of beings. The first class citizen is whatever 

is not abstract but concrete. And what is concrete? Anything we can hold or touch is 

undeniable, genuine, and concrete. In Plato's Sophist, the Eleatic Stranger compares certain . 
people to the mythical giants who tried to pull everything down to the earth. (246A-B) 

These are people who aggressively insist that what is is always a body; when anyone says 

otherwise, they are contemptuous and won't listen. In the Theaetetus, Socrates has called 
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them the uninitiated, who believe that there is nothing except what they can clench in their 

hands (155E), but the word meaning uninitiated also means unsealed, leaky, or unsound, and 

suggests that the clenched fists of these hard-headed realists are really sieves, letting all sorts 

of things slip through. Socrates introduces these people as those who have not experienced 

wonder, and the Stranger places them among those whose way of talking is vague. They are 

comic characters, rigid in the way they hold their opinions but vague in the content of them, 

grasping things tightly while being slips through their fingers. Who are they? As Socrates 

tells Glaucon of the people in another strange image, they are like us. 

I suspect that there is one of these giants in every one of us, who is uncomfortable 

with the possibility that anything invisible or intangible could be anything at all. But it is so 

obvious that such things must somehow be something, that we take the shortest route to 

make ourselves comfortable again and call them abstractions. We make them up, and they 

are only in the mind. But to be so appealing to us, the word abstract must mean a little 

something, and our other uses of the verb mean things like to boil down, to remove, to 

extract. So here, in two sentences, we have already found a self-contradiction. Abstraction 

was supposed to make the objects of thought unmysterious by producing them. But 

whatever the process of abstraction is, it cannot have any product that is not already present 

beforehand. If we are abstracting from tangible bodies, then they must in the first place be 

made, in part, out of objects of thought. This is what I meant by saying that our usual idea 

of abstraction is not tenable. It makes the thinkable things unmysterious only by doing just 

the opposite to the visible things. It ends up claiming that our eyes see the invisible and our 

hands hold the intangible, because it tells us that when we think one of those invisible and 

intangible things, we have extracted it out of a body like a tooth. The idea of abstraction 

answers no question, but only goes around in a circle and gets dizzy. Anything it gives us, 

we already have; anything we don't already have, it can't give us. 

So what about the well-know fact that Aristotle said the forms are only abstractions? 

The Greek word aphairesis, which is translated as abstraction, is the ordinary word for 
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subtraction. It is used a few times in the Physics, and only in this ordinary sense. But the 

word does have our modem sense as well, and this is usually regarded as Aristotle's 

invention. This seems to me to be unlikely. I am aware of three places where Aristotle 

speaks of certain ideas as abstractions, and in two of the three he calls them the so-called 

abstractions. This use of the word is rare in Aristotle's works, and never, I repeat never, 

refers to anything but the objects of mathematics. In the Metaphysics (1061a 28ff.), Aristotle 

says that what the mathematician does is peel away (periairein) all the sensory attnbutes of 

things, and contemplate the quantities that remain. In De Anima he says that the intellect 

thinks these so-called abstractions, such as straightness, as separated things, even though they 

are not separated. ( 429b 18-19, 43 lb 16-18) In the Posterior Analytics he tells us what 

faculty these so-called abstractions actually depend on (81a 40-b 9), and I will return to this 

in a moment. In the Physics, Aristotle leaves out the word abstract, and simply uses the 

more revealing word separated. 

In Book II, Chapter 2, of the Physics, Aristotle says that the mathematician treats as 

separate what is not separate. This does not make his conclusions false. In fact, as Aristotle 

says in the Metaphysics (1078a 21-23), it is the best way to study anything. But they are not 

conclusions about nature. By separating the attributes of quantity and position from 

everything else, the mathematician loses nature, for three reasons. He leaves behind motion, 

material, and ends. Now you may not mind the loss of ends, and you may count it a gain 

to set aside the effects of material, such as friction, but the claim that mathematical 

abstraction gets rid of motion may seem puzzling. For Aristotle, though, this is the most 

emphatic reason for the unsuitability of a mathematical approach to nature. What does he 

mean? 

First of all, Aristotle does not banish mathematics from physics when it has something 

to offer. Optics, for example, can recombine what it has separated, using the mathematical 

line only as a temporary detour toward understanding a natural path. And several important 

arguments throughout the Physics are entirely about ratios. And the most important of the 
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branches of mathematics that Aristotle says surely belong to physics as well is astronomy, 

in which the whole point is to consider motions. But within mathematics, only one kind of 

motion is possible: change of position in a neutral, homogeneous, unlimited medium. We 

call it motion in space. According to Aristotle, such a thing never takes place in nature and 

never could. 

One might be tempted to think that pure spatial motion does not occur in the world, 

just because it is pure. The paths things follow are not exactly straight lines or parabolas, 

and the things that move are not points or spheres, but still, behind all the qualifications and 

complexities, there is something clear and simple that we can focus our attention on. 

Descartes says that the mathematician knows inotion better than anyone else (Le Monde, 

Ch. 7). Galileo tells us that the world is a book, written in mathematical characters; if we 

know how to read, we need not stare stupidly at marks on a page, but can grasp the 

meaning within. (The Assayer) And most wonderfully of all, Newton says that everyone 

knows what time, space, and motion are, but the vulgar--that's us--have a prejudice that such 

things bear some relation to sensible bodies. (Principia, scholium to definitions) These 

thinkers do not describe the world mathematically, they describe mathematics and say that 

it is the world. As their heirs, we now have not only the vulgar prejudices they attack: we 

have along with them a whole new array of sophisticated prejudices, at the center of which 

is the belief that we live and move in space. 

The idea of space is so firmly embedded in our thinking that it is hard to see that 

there is any alternative to it. According to Aristotle, though, space is an idea that arises only 

by self-deception. Since bodies are extended, we can think of the extension without at the 

same time thinking of the bodies. (211b 16-19, 212b 25-27) This is the separation or 

abstraction characteristic of mathematics, and Aristotle has no quarrel with it. But in order 

to get from mathematical extension to the idea of space, we have to pretend that what we 

abstracted was in the first place present in the world. We experience bodies, separate their 

extension from them, imagine it as space, and declare that it is the world. Now that we 
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have invented space, we are free to put things into it, in our imaginations, and set them 

moving along any path, at any speed that we please. Once we have replaced the world we 

live in with this invented world of space, this is in fact the only kind of motion possible, and 

we are apt to think that it really is all that motion could be. 

This is the fork in the road. If we can set this idea of motion in space aside for a 

while, we can enter Aristotle's Physics. If we cannot, we might as well set the book aside, 

for the central topic of Aristotle's Physics is motion, and he means what he says when he 

tells us the mathematician must leave motion behind. Change of place is one of the kinds 

of motion Aristotle considers, but change of place presupposes places, and there are no 

places in space. Spaces are all alike and are all together infinite. How do I know? I 

consult my imagination. That ought to give me a clue as to what kind of thing I am talking 

about. What Lucretius presents as a proof of the infinity of the world is in fact only a proof 

of the infinity of space, and I know in the same way that no part of space has any power or 

potency that would make it any more or less appropriate than any other for any inhabitant. 

But the things we encounter all have places. Trees don't grow in the air, human beings 

don't breathe in the sea, and stars don't circle underground. When things change place, we 

can't understand what is going on unless we know what kind of thing is moving, and whether 

it is going toward, away from, or through a place in which it can remain and sustain itself. 

The placeless realm of mathematical physics already makes the natural kinds to which things 

belong invisible. It is a de-natured realm. 

But the natures of things are not accessible to us through a simple turning to 

imagination. If we take Aristotle's road toward nature, on what power of knowing can we 

rely? I mentioned earlier that Aristotle does not say that we get at universal ideas by 

abstraction. The most important of those ideas, he says we get at by epagoge. This is 

usually translated as "induction," but that is misleading. We use that word to refer to the 

process of generalizing from many examples. In many places, Aristotle says unmistakably 

that one example is sufficient to give us the universal present in the particular (e.g. Posterior 
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Analytics 71a, 7-9, Physics 247b 5-7). Epagoge means "coming face-to-face with" something, 

and it belongs not to the dianoia, by which we make connections and figure things out, but 

to the nous, the contemplative intellect. The ultimate aim of the Physics is the contemplative 

knowledge of nature, and the inquiry depends all along on the presence of the contemplative 

faculty. 

Aristotle describes completed knowledge as a contemplative insight into ultimate 

things, combined with reasoned conclusions from them. His word for this is episteme, which 

comes to us through its Latin equivalent as science, and most commentators call the Physics 

a science, the science of moving things. Nothing could be further from the truth. Like all 

Aristotle's books, the Physics ascends toward the ultimate source of the appearances it 

studies. The ultimate source of natural motion is only uncovered in the last pages of the 

book. Aristotle calls this order of inquiry dialectical. It begins with experience, seeks to 

uncover its universal character, and reasons from effects to causes with the aim of bringing 

into presence that which makes its subject whole. It begins and ends in the faculty of nous, 

and consists in the progressive unfolding of its contemplative activity. If this road toward 

knowledge sounds familiar to you, there is a good reason. In the Meno, Socrates uses the 

myth or metaphor of recollection to describe how inquiry is possible. In Book VII, Chapter 

3, of the Physics, Aristotle says straightforwardly that knowledge cannot come into being in 

us because it has always already been present in us all along. Our thinking becomes 

knowing when it calms down out of its native disorder. The physics familiar to us does 

violence to nature, by experiments to be sure, but more deeply and radically by turning 

natural things into mathematical ones. The act of abstraction cuts nature down to a size we 

can handle. Aristotle, on the contrary, says that we can let nature remain intact and still 

come to know it, because we are already in a living relation with it. 

We are finally in a position to see why the contemplative intellect always has images 

available to it. The object of nous has a name that will be familiar to you. Aristotle says 

it is the eidos. But he also says that nature is form. The nature of anything comes to it not 



13 

from its material but from the internal activity that forms it, and it is this same activity that 

is at work upon the human intellect whenever it contemplates. The content of 

contemplation is given to it by the activities that are always at work, forming the things in 

the world. That is why each single object of sense-perception has its universal character 

immediately present in it. The universal in question is the eidos at work, holding it together 

as the thing that it is. The intellect is present in every act of perception, and the imagination 

is available to every act of the intellect, because all three faculties are directed at the same 

being. Aristotle agrees with Plato that the forms of things are not abstract ideas, but are 

beings. They are not dependent on us, but rather everything that is is dependent on them. 

The great fact, evident everywhere around us, is the continual emergence and re

emergence of things in accordance with kinds. Being is, first and last, living being. That is 

the meaning of Aristotle's claim that being is energeia, being-at-work, and always has the 

character of entelecheia, being-at-work-staying-itself. Everything that exists at all is or is part 

of some self-maintaining whole. Every living thing lives within the orderly and self-renewing 

whole that supplies its material needs, and everything that is not living has its nature within 

this organized cosmos. Does the rain fall so that crops may grow? (Bk. II, ch. 8) Not so 

that one man's crops may thrive while another man's wheat is spoiled on the threshing floor, 

but always, over and over, the waters that evaporate in the hot months return to earth in the 

cold months to sustain the earth not as a region of space but as a place in the cosmos 

appropriate to the life of plants and animals. When Aristotle says that nature acts for ends, 

he explains this by saying that the end is the form. Things have natures because they are 

formed into wholes. The claim is not that these natural wholes have purposes but that they 

are purposes. Every being is an end in itself, and the word telos, that we translate as end, 

means completion. 

When we try to judge Aristotle's claim that nature acts for ends, we tend to confuse 

ourselves in two ways. First, we imagine that it must mean something deliberates and has 

purposes. Second and worse, we begin with our mathematically conceived universe, and 
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can't find anything in it that looks like a directedness toward ends. But Aristotle indicates 

that it is just because ends are present in nature that a physicist cannot be a mathematician. 

We have seen that even change of place becomes impossible in mathematical space. But 

there are three other kinds of motion, from which the mathematician is even more 

hopelessly cut off, without which activity for the sake of ends would be impossible. Things 

in the world are born, develop, and grow. Genuine wholes, which are not random heaps, 

must be able to come into being, take on the qualities appropriate to their natures, and 

achieve a size at which they are complete. But mathematical objects can at most be 

combined, separated, and rearranged. If we have first committed ourselves to a view of the 

world as being extended lumps in a void, there is no way to get wholes or ends back into the 

world. That means in turn that the question of ends has to come first, before one permits 

any choice to be made that empties the world of possibilities. 

Why are we so likely to adopt the picture of the world that mathematical physics 

gives us, before even asking whether it requires us to give anything up? It is surely not a 

rational procedure to paint ourselves into a corner, and then ask whether there is someplace 

other than that corner that we really want to be. I think the answer to this question might 

emerge if we think about causes. The first thing Aristotle says in the Physics, which he says 

repeatedly in many other places as well, is that we do not know something until we know 

its cause. This may sound strange at first. I want to know one thing, and I am told that 

knowing it means knowing something else. But if I attach a predicate to a subject, I have 

at most made judgment or formed an opinion. If I can see through what, or on account of 

what, the predicate belongs to the subject, that third thing has given my thought a dimension 

of depth. 

But something stranger still happens when the new physics of the seventeenth century 

takes shape. Galileo tells us that investigating the causes of natural motions would be a 

waste of time. (Two New Sciences, NE p.202) Newton makes no hypotheses about the cause 

of the properties of gravitation, and says they would have no place in his science. (Principia, 
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general scholium) Descartes, as usual, gives us the clearest view of what is going on. He says 

that matter has no attributes that are not perfectly known to everyone. "You could not even 

pretend not to know it," he says. And, "you must necessarily conceive of it or you can never 

imagine anything." (Le Monde, Ch. 6) Suddenly the world needs no explanation. 

Everything in it is pre-explained. To exhibit any of the properties of mathematized matter 

is to see through it all the way to the bottom, because it is conceived as having no properties 

other than the ones that are being exhibited. 

We have already seen Aristotle's criticism of the idea of space. The extension of 

body is separated from body, and declared to exist by itself. The corresponding idea of 

matter depends upon it. It is filled space, the bearer of a few properties that are completely 

determined when they have been measured. Bodies, that had natures to begin with, were 

turned first into space and then into masses, and along the way the world became much 

easier to explain. Aristotle's approach to explanation is to let things be what they are, and 

inquire into the causes responsible for their being as they are. The alternative approach is 

to reduce the world to things that are so poor in properties and do so little that no 

explanation is required. In fact matter, understood as mass, doesn't do anything at all. It 

is the passive seat of motions that no more belong to it than do any other motions, or than 

to any other masses. It is not only Newton's first law, but all three of his laws that say that 

matter is inert. In his Opticks, Newton calls them passive laws of motion that all result from 

a force of inactivity. (Question 31) Aristotle says that being is being-at-work. Newton says 

that being is being so hard that nothing can cause it to change. 

Just as motion in space is not the same as change of place, matter conceived of as 

inert masses bears no relation to what Aristotle called hule or material. Nothing in the 

natural world is simply matter, but everything that is belongs to some living thing or to the 

organized whole of the cosmos. Everything is already formed in some way, and bursting with 

potency toward activity. Motion is understood by Aristotle always to be the result of the 

spilling over of the potentialities that belong to the material in any being. The opposite of 
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activity, passivity or inertia, is not present anywhere in Aristotle's account of things. 

Dunamis is nascent activity, striving to emerge, or dormant activity, awaiting its moment in 

the rhythm of life. From the standpoint of mathematical physics, such potentialities are 

occult qualities, and are not permitted to exist. The dream of this physics is to give back all 

the appearances of the world as determined by mere mechanism. 

Now the strangest fact is that this mechanistic approach to the world failed, and failed 

at the very moment that it was fully realized. The three laws of Newton's Principia embody 

and perfect the mechanistic picture of the world, but the Principia as a whole shows that the 

world does not fit into that picture. Masses are not just inert lumps that interact only when 

they happen to bump, but are sources of a mysterious gravitational pull, and the spaces 

between masses are not empty but in some way serve as the medium by which this attraction 

acts at a distance. The conception of matter and space produces a pleasing picture, in which 

the question, why?, need not ever be asked, but that picture does not account for any event. 

The inadequacy of the ideas of inert bodies and empty space surfaces again when light is 

shown to be wave motion, and then to be incapable of having any material medium for the 

waves to be in. Twentieth-century physics completes the destruction of the ideas that serve 

as its own foundation, when it shows that every particle of matter must also be an immaterial 

wave, and every wave must also be a particle. Not only can matter and space not give an 

account of anything, they cannot even hold on to the determinacy that makes them distinct 

from one another. 

What makes this failure of mechanistic explanation so strange is the fact that its 

failure doesn't seem to be regarded as a flaw. Mechanism continues as a dream, and as the 

guiding vision of an enterprise that keeps marching forward, producing ever more complex 

mathematical descriptions of events, and giving rise to ever more effective ways of 

controlling the world. It fails only as knowledge. The trouble is not that the mechanist 

account is incomplete. One cannot add a power of attraction to an inert mass, or tack a 

distribution of energies onto empty space. Things have to be conceived in the first place in 
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such a way that they might intelligibly be the bearers of such active states. But the whole 

point of the ideas of matter and space is that they be devoid of all hidden powers. Many 

true conclusions might follow from a set of false premisses, and one might be content to live 

with a certain number of loose ends, but the human desire to know will ultimately have its 

way. 

Some twentieth-century physicists have recognized the need to rethink the way the 

world is, from the bottom up. One has suggested that the true beings are potencies, of 

which particles and waves are only appearances. (Heisenberg) Another has suggested that 

the world is a seamless whole, in which nothing exists in isolation. (Bohm) A third has even 

studied Aristotle's definition of motion, in the hope that it might open some way out of the 

dead end of modern physics. (von Weizsacker) These issues are wide open. All that is 

agreed is that the physics of Galileo and Newton is "classical," which means untrue, and that 

current physics has found no way to articulate what it is talking about. 

One source of trouble may be that the world cannot be understood from the bottom 

up. It may be that physicists are looking for the right way to understand points, so that they 

can put them together and make lines. Everywhere on a line one can find a point, but only 

if the line is first given as a whole. The central ideas of Aristotle's physics are wholeness and 

continuity. In the first chapter of Book I, he argues that we have nowhere to begin an 

inquiry except with the wholes we encounter in experience. The task is not to replace them 

but to understand them. Throughout the Physics, the picture of the world is of living things 

in a cosmos, as opposed to matter in space. And no genuine whole can be understood by 

reducing it to its parts. How can it be understood? We have come back to the question of 

cause. 

Aristotle says that causes are of four kinds, and understanding anything requires 

knowing all four of its causes. But just as with the four kinds of motion, we have lost the 

meaning of three of the causes, and diminished the fourth beyond recognition. What we call 

the "efficient" cause makes some sense to us, because it corresponds to the transferences of 
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motion in a mechanical system. But Aristotle uses no word or phrase that could be 

translated as "efficient cause." The only cause external to a being that interests him is that 

which origi,nates motion. By efficient cause, we mean some motion earlier in time, that 

results in another motion by way of a push or a pull. But Aristotle argues at the beginning 

of Book VIII that there can be no first motion in time, but before any motion some prior 

one was necessary. These sequences of events are infinite, are casual only in a derivative 

and incidental way, and explain nothing. But there is another kind of sequence, not of 

events but of beings, not backward in time but upward in responsibility, that Aristotle says 

leads from any motion to its origin. 

He gives an example that is the same as that of a baseball flying off a bat. (256a 6-8) 

The origin of the motion is not the bat, but neither is it the hand or the arm, and it is 

certainly not the passage of an electron across a neural synapse. Only the human being as 

a whole can hit a baseball, and he does so as an origin of motion. The pitcher had to throw 

the ball first, but the batter does not re-act, as dead matter, but has to act, as a source with 

its own integrity, and can hold back from acting. The example illustrates two things that are 

at the heart of Aristotle's physics. First, the responsibility for any event has a place where 

it begins. Mechanical events form a homogeneous string of bumps and exchanges, but in 

the true, non-mathematical world, some events are incidental or instrumental, while others 

are causal because they are the sources of the rest. And second, the sources of motion are 

never themselves motions. (257b 9) Newton's third law says that motions are only caused 

by motions, but that means that the cause is always exactly the same kind of thing as the 

effect, and cannot provide an explanation of it. The corresponding principle in Aristotle's 

account is that where there is a motion, there is a being that is its origin. This means in turn 

that motion is never an explanation of anything, because it always leads back to something 

that is what it is not by motion but by activity. Mechanistic explanation starts at the bottom 

of things with inertia. Aristotelian explanation starts at the top of things with activity, 

energeia, being-at-work. 
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But being-at-work is what Aristotle says the form is, and the potency, or straining 

toward being-at-work is the way he characterizes material. Finally, the end, or telos, of a 

natural thing is so inseparable from its being-at-work that Aristotle fuses the two names into 

one: entelecheia, being-at-work-staying-itself. That is, the three causes other than the 

external source of motion work in just the same way that it does, except that they are all 

internal. The formal, material, and final causes are the what-it-is, of-what-it-is, and 

completeness-for-the-sake-of-which-it-is, which are responsible not only for motion but for 

any thing's being at all. If you have been thinking of them as a static blueprint, a heap of 

inert matter, and a distant, external purpose, you may be excused for wondering why they 

should be called causes. They are instead three ways of looking at the ceaseless working 

without which beings would indeed collapse into inertness. They are responsible for the 

motions which cannot be drawn on a blackboard, the birth, development, and growth to 

maturity of each being. More important still, the form, material, and end are responsible 

for the kind of rest into which the mature and complete being settles. This state of rest is 

not the cessation of motion, but the organization of motion into active equilibrium, the 

transformation of motion by which it is no longer change but just its opposite, stability. 

Aristotelian physics is not about how bodies fall and collide, but how bodies are. 

Mathematical physics tries to look behind the world, to a realm where being is simply given. 

Aristotle looks at the world and sees that in it being is always an achievement. The simplest 

examples of being as being-at-work are eating and breathing. But beings do not simply 

survive. All of them are at work in the lives they live, and in which alone they are complete. 

My dog, for example, lives in and for the chase. I have no sheep for her to herd, and 

squirrels and cats are not very co-operative, but rubber balls and plastic frisbees are 

adequate substitutes, because the ever-renewed chase is an end in itself. How do I know 

this? I think it is by the power of nous, applied in an attentive and patient looking in which 

what is important becomes foreground, and what is incidental recedes into the background. 

Her dunamis is apparent in the tense and concentrated stance characteristic of border 
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collies, her eidos is most evident in the swoop, capture, and return, and her telos is 

recognizable in the perfect fusion of desire and satisfaction in the same activity. 

There are physicists of an Aristotelian kind around us today. They are called 

ethologists or animal behaviorists. Their activity seems to me to be contemplative, since a 

life must take shape and unfold before them. Another kind of biologist seeks to reduce 

living things to the behavior of DNA molecules, to make their study finally a branch of 

mathematical physics. But while DNA is certainly part of the material basis of life, it doesn't 

explain anything. Two thousand years or so of breeding were involved in getting my dog her 

DNA, but only as a means to an end. All those breeders were looking at dogs at work. No 

account can begin with DNA. Even blue eyes can only be explained by someone who knows 

what eyes are and what blue is. Eyes live in the world and blue appears in the light, and no 

amount of inspection can find them in any molecule. One could imagine Theodorus 

contentedly working out genetic maps for species he had never seen, but Theaetetus would 

know something was missing. 

We deliberately stupefy ourselves when we first cut off from the living world all traces 

of wholeness and activity, then declare that they are not present because we cannot find 

them in the residue. We feel driven to conclude that life is only an offshoot of blind chance 

and necessity, because we have reduced our field of view to one in which nature cannot 

enter. The crowning irony is that the matter-and-space explanation at which molecular 

biology aims has already failed in physics itself. Still worse, many people are groping to 

recapture an idea of nature, only to be frustrated by a misguided respect for mathematical 

physics. Respect for living things is not a sentimental attachment, undercut by the way 

things really are, and the desire to see the natural world less disfigured by human 

encroachments is not a nostalgic longing for a lost way of life. The idea of natures as active 

causes is a live alternative to mathematical physics. A first step toward re-opening ourselves 

to the question of how things are would be to see the mathematical reduction of the world 

as something that limits and falsifies it. Looking at the world that way reveals a lot of 
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connections that help us manipulate things, but also conceals other things that might be at 

least equally important to us. Material might have an innate directedness toward certain 

complete wholes. Motion might be more than rearrangement of positions in a void. 

Aristotle's Physics could teach us how to keep our eyes open to possibilities. It might 

even convince us that it is possible to know something without destroying it. Things might 

be more, not less, than they first appear to be, with an interior depth of activity and an 

exterior richness of connections, just in being what they are. 

But most important of all, Aristotle might open our eyes to what knowing is. It is not 

a possession, but an activity. It is not a corporate activity of the human race, but yours 

alone, because no one can do it for you. Mathematics is one of its humbler manifestations, 

and all knowing is akin to mathematics in the sense that it is achieved when one beholds the 

way things are, together with its evidence, all at once in living thinking. But knowing is not 

limited to mathematics, or dependent on it. And it is not subject to progress, apart from the 

progression of each person's learning. As contributions to that kind of progress, the most 

recent books and pronouncements might be the most stale and barren, and Aristotle's 

Physics might have the inexhaustible freshness of nature itself. 
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