
Heat and Thermodynamics. Assignment 3

Assignment 3: Entropy and Second Law of Thermodynamics

1. A mixture of 1.78 kg of water and 262 g of ice at 00C is, in a reversible process, brought

to a final equilibrium state where the water/ice ratio, by mass, is 1 : 1 at 00C.

a. Calculate the entropy change of the system during this process.

b. The system is then returned to the first equilibrium state, but in an irreversible way

(by using a Bunsen burner, for instance). Calculate the entropy change of the system

during this process.

c. Show that your answer is consistent with the second law of thermodynamics.

2.What is the entropy of 1 L of N2 gas at 350.0 K and p = 20.25 atm given that the

standard (p = 1.00 bar, T = 298.15 K) molar entropy S0
m = 191.6 JK−1mol−1? (Calculate

the molar amount of N2 using the ideal gas equation.)

3.A cylinder contains a ideal gas in thermodynamic equilibrium at (p, V, T, U) and S.

The cylinder is surrounded by a very large heat reservoir at the same temperature T .

The cylinder walls and piston can be either perfect thermal conductors or perfect thermal

insulators. The piston is moved to produce a small volume change ±∆V . “Slow” or “fast”

means that during the volume change the speed of the piston is very much less than, or very

much greater than, molecular speeds at temperature T . Identify each of the five processes

(mention below) and show whether the changes (after the reestablishment of equilibrium)

in the quantities (T, U, S, p) have been positive, negative, or zero.
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1. (+∆V ) (slow) (conduct)

2. (+∆V ) (slow) (insulate)

3. (+∆V ) (fast) (insulate)

4. (+∆V ) (fast) (conduct)

5. (−∆V ) (fast) (conduct)

4. A material is brought from temperature Ti to temperature Tf by placing it in contact

with a series of N reservoirs at temperatures Ti + ∆T, Ti + 2∆T, ......., Ti + N∆T = Tf .

Assuming that the heat capacity of the material, C, is temperature independent, calculate

the entropy change of the total system, material plus reservoirs. What is the entropy

change in the limit N →∞ for fixed (Tf − Ti)?
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