
Kinetic Theory and Thermodynamics: Problems

Problem sheet 4: Basic thermodynamics
Questions to be answered for the second class.

These questions are about use of the first law (Q1), the thermal diffusion equation (Q2), various
types of expansions (Q3,4) and entropy (Q5,6).

4.1 Use the first law to show that
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where βp is the coefficient of volume expansivity and the other symbols have their usual
meanings.

4.2 (a) A cylindrical wire of thermal conductivity κ, radius a and resistivity ρ uniformly
carries a current I. The temperature of its surface is fixed at T0 using water cooling.
Show that the temperature T (r) inside the wire at radius r is given by

T (r) = T0 +
ρI2

4π2a4κ
(a2 − r2).

(b) The wire is now placed in air at temperature Tair and the wire loses heat from its
surface according to Newton’s law of cooling (so that the heat flux from the surface of
the wire is given by α(T (a) − Tair) where α is a constant. Find the temperature T (r).

4.3 Two thermally insulated cylinders, A and B, of equal volume, both equipped with pis-
tons, are connected by a valve. When open, the valve allows unrestricted flow. Initially
A has its piston fully withdrawn and contains a perfect monatomic gas at temperature
Ti, while B has its piston fully inserted, and the valve is closed. The thermal capacity
of the cylinders is to be ignored. The valve is fully opened and the gas slowly drawn
into B by pulling out the piston B; piston A remains stationary. Show that the final
temperature of the gas is Tf = Ti/22/3.

9


