Lecture 4: Zeno’s paradoxes of motion
Parmenides would say, contrary to our experience, belief in plurality and change is mistaken, and that reality is one, eternal and unchanging. If reality is seen as completeness, eternal and one – then this rules out change. Movement or motion, as well as division of a thing, imply change, and division also implies more than one thing since division results in a plurality of things. Hence for true reality to be one and eternal it has to be still and undivided (lecture four).
Zeno is best known for his paradoxes which aim to support Parmenides’ position in respect of oneness, and to show the difficulties involved in maintaining everyday beliefs about space, time, plurality and motion. Zeno wanted to show that absurdities follow from the denial of Parmenides’ views.

Three of the Paradoxes 

1. The Dichotomy

‘The first argument says that there is no motion, because it is necessary for something moving to arrive at the mid-point before the end-point’ (Aristotle, Physics). 

This argument is that before completing any distance a runner must reach a half-way stage or a half-way point, and before that must reach half of the half-way stage, and so on. But it is impossible to travel an infinity of stages, and therefore the runner cannot start running at all. One cannot make an infinite number of contacts in a finite time. 

A reply might be something along the lines of the following: there is nothing impossible about travelling an infinite number of points. It is true that if the runner is to travel any distance then he must travel half the distance and half of that distance, and so on ad infinitum. But he does not have to cross the points one at a time before he can move into the next. 

2. Achilles and the Tortoise

‘[Zeno] maintains that the slowest thing will never be caught, when running, by the fastest. For the pursuer must first reach the point from which the pursued set out, so that the slower must always be ahead of it’ (Aristotle, Physics). 

Imagine that Achilles and a tortoise are going to run a race. Achilles is much faster, so he gives the tortoise a head start.  Before Achilles can overtake the tortoise he must run to point A where the tortoise started. But then the tortoise has moved forward a little to B. Achilles now has to run to B. But the tortoise has moved to point C, and so on. Achilles gets closer and closer to the tortoise but never catches him. Zeno supposedly proves that Achilles will never overtake the tortoise.

There is another conception of the race which appeals to empirical evidence: Achilles runs 10 times faster than Tortoise. Let’s say he runs 10 metres in 10 seconds, and Tortoise runs 1m in 10s. Achilles gives Tortoise a 10m head start, so at the beginning of the race Tortoise is 10m ahead of Achilles.  The race starts, and Achilles runs 10m in 10s, at which point Tortoise will be exactly 1 metre ahead. In the next 10s Achilles will be 8 metres ahead of Tortoise.
(Both are rational but they come to different conclusions. So we have two arguments contradicting each other.) 

A reply might consist of the following: 

· Aristotle says that Achilles overtakes Tortoise if he travels a finite distance. However, this begs the question as Zeno is claiming that this is impossible too (see paradox one above). 
· Zeno only seems to take account of space. Time seems to be ignored. Achilles will cover a longer distance than Tortoise would in the same time. The gap gets shorter and shorter as time progresses. At some point in time – not point in space – the gap reverses.

3. The Flying Arrow

‘For if, he says, everything is either at rest or in motion, but nothing is in motion when it occupies a space equal to itself, and what is in flight is always at any given instant occupying a space equal to itself, then the flying arrow is motionless.’ 

‘The third argument is that… the flying arrow is at rest. This conclusion follows from the assumption that time is composed of instants; for if this is not granted the conclusion cannot be inferred’ (Aristotle, Physics). 

James Warren sets out the argument (2007, p.108):

1. At any ‘now’ an arrow is not moving.

2. This is the case for any and every ‘now’ in the arrow’s flight.

3. So throughout an arrow’s flight an arrow is in fact not moving.

4. What is not moving is at rest.

5. So an arrow in flight is always at rest.

Reply:

The argument rests on an assumption; that assumption being that time is composed of moments or nows. Aristotle responded to the paradox in this way. Of Zeno’s conclusion he says, ‘this is false, because time is not composed of indivisible instants’ (Aristotle, Physics). 
However, can we avoid the assumption if time is infinitely divisible? May be we can. Even if time is infinitely divisible, it need not be made up of ‘nows’ / moments lacking duration. It could be made up intervals, each with its own duration, but a duration which gets shorter and shorter. 
Further fragments for discussion:
Paradoxes against plurality 
‘If there are many things, it is necessary that they are just as many as they are, and neither more nor less than that. But if they are as many as they are, they will be limited.


If there are many things, the things that are are unlimited; for there are always others between the things that are, and again others between those. And thus the things that are are unlimited’ (Simplicius, Commentaries on the Physics).

‘But if it is, it is necessary for each to have some magnitude and thickness, and for the one part of it to be away from the other. And the same argument holds about the part out in front; for that too will have magnitude and a part of it will be out in front. Indeed it is the same thing to say this once and to go on saying it always; for no such part of it will be last, nor will there not be one part related to another. – Thus if there are many things, it is necessary that they are both small and large; so small as not to have magnitude, so large as to be unlimited’ (Simplicius, Commentaries on the Physics).

The Millet Seed

‘Tell me, Protagoras’, he said, ‘does a single grain of millet or the ten thousandth part of a grain make any sound when it falls?’ And when Protagoras said it did not, ‘Then’, asked Zeno, ‘does a bushel of millet make any sound when it falls or not?’ Protagoras answered that it did, whereupon Zeno replied, ‘But surely there is some ratio between a bushel of millet and a single grain or even the ten thousandth part of a grain’; and when this was admitted, ‘But then surely’, Zeno said, ‘the ratios of the corresponding sounds to each other will be the same: for as the bodies which make the sounds are to one another, so will the sounds be to one another. And if this is so, and if the bushel of millet makes a sound, then the single grain of millet and the ten thousandth part of a grain will make a sound.’ This was the way Zeno used to put his questions.’ (Simplicius, Physics)
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