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(a) A cylindrical wire of thermal conductivity &, ra-
dius a and resistivity p uniformly carries a current
I. The temperature of its surface is fixed at Tp us-
ing water cooling. Show that the temperature 7°(r)
inside the wire at radius r is given by

Show that particles hitting a plane boundary have
travelled a distance 2\ /3 perpendicular to the plane
since their last collision, on average.

Show that the time dependence of the pressure in-
side an oven (volume V') containing hot gas (molec-
ular mass m, temperature 7T') with a small hole of
area A is given by

p(t) = p(0)e™"',

with
V. [2mm

AV kT’

A soap bubble of radius R; and surface tension ~
is expanded at constant temperature by forcing in
air by driving in a piston containing volume Vjiston
fully home. Show that the work AW needed to in-
crease the bubble’s radius to Ry is

AW = poValn 22 4 87v(R2 — R?)

pP1

+p0(‘/2 - Vl - Vpiston);

where p1 and p2 are the initial and final pressures
in the bubble, po is the pressure of the atmosphere
and V; = %ﬂR‘i’ and Vp = %WRS’.
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The temperature of the Earth’s surface is main-
tained by radiation from the Sun. By making the
approximation that the Sun is a black body, but
now assuming that the Earth is a grey body with
albedo A (this means that it reflects a fraction A
of the incident energy), show that the ratio of the
Earth’s temperature to that of the Sun is given by

R un
Tgarth = Tsun(1 — A)Y/*y/ %

where Rsun 1s the radius of the Sun and the Earth—
Sun separation is D.

6. By what factor does the number of states increase if 1J heat is added (reversibly) to a
system at room temperature (300 K)?

7. At absolute zero show that (du/dT'), y = 0, where y, T, p, and N are, respectively, chemical
potential, temperature, pressure, and number of particles.

8. Le Chatelier’s principle states: “a system at thermodynamic equilibrium, when subjected to
a disturbance, responds in such a way as to minimize the disturbance.” Prove it.



