
Physics 110 homework assignment #3
due Wednesday, 5 October 2011

These problems give you a chance to apply the idea of entropy to a variety
of physical situations. Remember that 0◦C is the same as 273 K (absolute).

(1) (a) The melting point of water is 0◦C. It takes a heat input of 334
J to turn one gram of ice into one gram of water at this temperature.
(Somewhat confusingly, this is called the heat of fusion of water.) What
is the entropy difference between the gram of ice and the gram of water?

(b) It takes 2256 J to turn one gram of water into one gram of steam
at 100◦C. (This is the heat of vaporization.) Calculate the entropy
difference between the water and the steam.

(2) In this problem and the next, we use the following result. If heat is added
to a system that has a constant heat capacity C, raising the absolute
temperature from Ti to Tf , the change in entropy of the system is
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One kilogram of water has a heat capacity of 4186 J/K. What is the
entropy difference between a kilogram of water at 273 K (0◦C) and a
kilogram of water at 373 K (100◦C)?

(3) Two identical blocks of aluminum, each with C = 300 J/K, start out
at absolute temperatures 300 K and 400 K. They are put into thermal
contact but are otherwise isolated. Intuitively, we can see that they
both end up at 350 K, the temperature exactly halfway in between.

(a) How much heat is transferred in the process?

(b) What is the entropy change for each block?

(c) What is the overall entropy change for the whole system?

(4) In a patent application, an inventor proposes a small heat engine that in
one cycle extracts 100 J from a container of boiling water (at 100◦C),
does 50 J of work and deposits 50 J of waste heat in the surroundings
(at 20◦C). Does this proposed engine violate the Second Law?
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(5) A cousin of the inventor in the previous problem claims to have designed
a heat pump that extracts 100 J of energy from a reservoir at 100◦C
and deposits half of this in each of two reservoirs, one at 0◦C and the
other at 200◦C. The heat pump itself operates in a cycle and requires
no other energy input. Does this proposed device violate the Second
Law?

(6) In this problem, remember that νR = Nk, where N is the number of
molecules and k is Boltzmann’s constant k = R/NA. Suppose an ideal
gas undergoes free expansion from a volume V0 to a volume 2V0 at
absolute temperature T . What is the entropy change of the gas per
molecule? (Express your answer in terms of k rather than calculating
a numerical value.)
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