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1.

A bimetallic strip of total thickness x is straight at temperature T. What is the radius of curvature of the
strip, R, when it is heated to temperature T + AT? The coefficients of expansion of the two metals are
@, and ,, respectively, with ay > a,. Please assume that each metal has thickness x/2, and x < R.

(10 points)

Consider a cylinder with a frictionless piston composed of a semipermeable membrane permeable to water
only. Let the piston separate a volume V of N moles of pure water from a volume V' of a dilute salt
NaCl solution. There are N’ moles of water and n moles of the salt in the solution. The system is in
contact with a heat reservoir at temperature T

(a) Evaluate an expression for entropy of mixing in the salt solution. (15 points)

(b) If the piston moves so that the amount of water in the salt solution doubles, how much work is done?
(15 points)

(c) Derive an expression for the pressure 7 across the semipermeable membrane as a function of the
volume of the salt solution. (15 points)

Making reasonable assumptions, estimate the surface temperature of Neptune. Neglect any possible
internal sources of heat. What assumptions have you made about the planet’s surface and/or atmosphere?
Some useful date you may consider - radius of sun =7 X 10° km; radius of Neptune = 2.2 X 10* km;
mean sun-earth distance = 1.5 x 108 km; mean sun-Neptune distance = 4.5 % 10° km; Radiation rate
from sun to earth = 1.4 kW /m?; sun temperature is 6000 K. (25 points)

A building at a temperature T(K) is heated by an ideal heat pump which uses the atmosphere at Ty (K)
as heat source. The pump consumes power W and the building loses heat at a rate a(T — Tp). What is
the equilibrium temperature of the building? (20 points)




