
Philosophy of Physics b – Lecture 
 Aims of these lectures
• A brief and non-technical introduction to the most philosophically-interesting bits

of modern physics, and hence to the philosophy of modern physics.
• Asking the meta question of the relation between physics and philosophy: Why

is there such a thing as the philosophy of physics? Should it interest physicists, or
only philosophers?

• Today: ree puzzles in th century physics, in whichmost of the philosophically-
interesting bits of th century physics – and the three areas we’re going to be look-
ing at, relativity, quantum mechanics and issues of time-asymmetry – have their
origin.

 Galileo, Newton and Maxwell
• Galilean relativity: uniform (“inertial”) motion is undetectable by mechanical

means.
Shut yourself up with some friend in the main cabin below decks on
some large ship, and have with you there some flies, butterflies, and
other small flying animals. Have a large bowl of water with some
fish in it; hang up a bottle that empties drop by drop into a wide
vessel beneath it. With the ship standing still, observe carefully
how the little animals fly with equal speed to all sides of the cabin.
e fish swim indifferently in all directions; … and, in throwing
something to your friend, you need throw it no more strongly in
one direction than another, the distances being equal; jumping with
your feet together, you pass equal spaces in every direction.
When you have observed all these things carefully …, have the ship proceed with any speed you like, so long as the
motion is uniform and not fluctuating this way and that. You will discover not the least change in all the effects named,
nor could you tell from any of them whether the ship was moving or standing still. … the butterflies and flies will
continue their flights indifferently toward every side, nor will it ever happen that they are concentrated toward the
stern, as if tired out from keeping up with the course of the ship, from which they will have been separated during long
intervals by keeping themselves in the air. And if smoke is made by burning some incense, it will be seen going up in
the form of a little cloud, remaining still and moving no more toward one side than the other. – Dialogue Concerning
the Two Chief World Systems, trans. S. Drake, , –

• A threat to the idea that there is any such thing as “absolute” rest or (inertial) motion. If Galileo’s principle
applies to physics in general, and not just to mechanics, then the notion that there’s any fact of the matter about
whether something is “really” at rest becomes redundant – an “idle cog”. (Later, this is an important element
in Leibniz’s challenge to Newton’s belief in absolute space, with respect to which there would be such a fact of
the matter).

• Maxwell (s): Described the electromagnetic (EM) field, predicting EM radiation with a fixed velocity =
the known speed of light.

• Apparent implication: one could detect absolute motion (at least in principle) by measuring the (apparent)
speed of light in one’s own reference frame – differences from the real value (c)
would reflect one’s own motion.

• e Michelson-Morley experiment (s) was an attempt to do this (or
more precisely to detect the effects of the Earth’s motion on the ‘aether’
in which light was thought to travel). But no such effect was detected.

• Two puzzles: (i) Why did the MM experiment not give the predicted
result? (ii) Did Maxwell’s theory really conflict with the general version
of the Galilean relativity – i.e., did physics really care about absolute
(uniform) motion?

• Earlier version of (ii): It had been known since the s (Hans Christian
Ørsted) that moving electrical currents produced magnetic fields, and
hence that there is a magnetic force between two parallel wires that are
both carrying currents. But think of this from the frame of the moving charges. From
their own perspective, they are not moving. Can’t they use this effect to determine
that actually they are moving? (Imagine two charged objects on Galileo’s boat.)
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 What happens inside a black box?
• Hot objects radiate light, and there’s a clear, measurable relation-

ship between the temperature of the body and the amount of light
given off at different frequencies. Q: What explains this
relationship?

• One approach due to Rayleigh and Jeans tried to apply statistical
ideas used by Maxwell to explain the behaviour of gases, based on
considering all the ways we could fit a whole number of waves
into the box, and treating them all as equally likely.

• is works well at low frequencies, but goes disastrously wrong at
high frequencies in two senses – it has a big ‘infinity problem’, and
diverges radically from the observed values (the ‘UV Catastrophe’).

• Max Planck () proposed a different statistical approach, based
on introducing the hypothesis that energy could move in and out of
the walls only in discrete ‘quanta’, with energy proportional to the
frequency. (So at high frequencies, it is very unlikely that there will
be enough energy in one place in the wall to produce a chunk of
that frequency.)

 Discovering time-asymmetry
• Early glimpses of something too obvious to notice: “Motion is much

more apt to be lost that got, and is always upon the decay.” (Newton,
); “It is well known that heat in all bodies has a tendency to
diffuse itself equally through every part of them, till they become of the
same temperature.” ( John Hunter, ).

• ermodynamics (around ) as a science that provided a unified
description of (at least many of these) phenomena.

• e Second Law of ermodynamics: “A universal tendency in nature
to the dissipation of mechanical energy. (William omson, ).
“e universal tendency of entropy to increase” (Clausius, )

• Statistical mechanics: Aims to explain the Second Law (at least in gases),
and other properties, in terms of the average behaviour of huge numbers
of microscopic constituents (hence powerful support for atomism). (Maxwell,
Boltzmann, and others, s–s)

• Recognition that the Second Law had a different character than other laws –
statistical, not universal. Two sources: (i) Maxwell’s Demon (ii) Loschmidt’s
objection to Boltzmann.

• Boltzmann’s ‘H-eorem’ () is an attempt to derive the Second Law in statistical terms. His colleague
Josef Loschmidt pointed out () it couldn’t be universally valid: for every way the particles in a gas move
such that entropy increases, there’s another possible motion – the one we decribe just by reversing the direction
of all the velocities – that makes entropy go down. (It’s just like reversing the video.)

• Loschmidt’s point takes advantage of the fact that classical mechanics is time-symmetric: if it allows a process
to happen in one direction, it equally allows it in the opposite direction.

• Puzzle: If the underlying physics is time-symmetric – “blind to the difference between past and future”, as it
were – why is so much of what we observe (including, but perhaps not only, the phenomena described by the
Second Law) actually time-asymmetric? Where does all that time-asymmetry “come from”, if it’s not in the
fundamental laws?

• is puzzle first came into view (at least dimly) in the s, but it is still with us (despite some progress!);
and perhaps one of the reasons it is still with us – and one of the reasons why philosophy may have some role
to play – is that it is very hard to keep one’s eye on the ball, and to be sure that one’s focussing on the right
question.
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