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Figure 1.8. When the pis-
ton moves inward, the vol-
ume of the gas changes by
∆V (a negative amount) and
the work done on the gas
(assuming quasistatic com-
pression) is −P∆V .

Piston area = A

Force = F

∆x

∆V = −A ∆x

piston’s motion must be reasonably slow, so that the gas has time to continually
equilibrate to the changing conditions. The technical term for a volume change that
is slow in this sense is quasistatic. Although perfectly quasistatic compression is
an idealization, it is usually a good approximation in practice. To compress the gas
non-quasistatically you would have to slam the piston very hard, so it moves faster
than the gas can “respond” (the speed must be at least comparable to the speed of
sound in the gas).

For quasistatic compression, then, the force exerted on the gas equals the pres-
sure of the gas times the area of the piston.∗ Thus,

W = PA ∆x (for quasistatic compression). (1.27)

But the product A ∆x is just minus the change in the volume of the gas (minus
because the volume decreases when the piston moves in), so

W = −P ∆V (quasistatic). (1.28)

For example, if you have a tank of air at atmospheric pressure (105 N/m2) and you
wish to reduce its volume by one liter (10−3 m3), you must perform 100 J of work.
You can easily convince yourself that the same formula holds if the gas expands;
then ∆V is positive, so the work done on the gas is negative, as required.

There is one possible flaw in the derivation of this formula. Usually the pressure
will change during the compression. In that case, what pressure should you use—
initial, final, average, or what? There’s no difficulty for very small (“infinitesimal”)
changes in volume, since then any change in the pressure will be negligible. Ah—
but we can always think of a large change as a bunch of small changes, one after
another. So when the pressure does change significantly during the compression,
we need to mentally divide the process into many tiny steps, apply equation 1.28
to each step, and add up all the little works to get the total work.

∗Even for quasistatic compression, friction between the piston and the cylinder walls

could upset the balance between the force exerted from outside and the backward force

exerted on the piston by the gas. If W represents the work done on the gas by the piston,

this isn’t a problem. But if it represents the work you do when pushing on the piston,

then I’ll need to assume that friction is negligible in what follows.


