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Thermodynamics 3503 / Statistical Physics 4523


Practice Exercises I


1. Solve problem 2.7-1 (see attached PDF File)


2. Draw the Carnot cycle in a P-V diagram and in an S-T diagram. What do the respective areas enclosed
by the curves represent?


3. One mole of a monatomic ideal gas at pressure P = 2 atm and volume 4 l undergoes the following cycle
(A) Adiabatic expansion in which it doubles its volume. (B) Isobaric compression to the original volume.
(C) Isochoric increase in pressure to its original state.


(a) Draw this cycle in a P-V diagram and label the points where a new process starts by 1-4.


(b) Determine the temperature of the system at the points 1-4.


(c) For each process calculate the work done by or on the system as well as the heat absorbed or released
by the system.


(d) Specify in each case whether work has been done by or on the system and heat has been absorbed
or released by the system.


(e) Compute the efficiency of the cycle.


(f) Replace the initial adiabatic expansion by an isothermal expansion, and redo the calculations. Com-
pare the results.


4. The fundamental equation of a system is
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(a) Show that the entropy is a first order homogenous function in its extensive variables.


(b) Find the temperature T , the pressure P and the chemical potential µ as functions of U, V,N .


(c) Write the fundamental equation of this system in terms of molar quantities.


5. The Helmholtz free energy is given by
F = U − TS


(a) What are the natural (independent) variables of the Helmholtz free energy F?


(b) Show that the differential of the Helmholtz free energy F is a function of its natural variables only.


(c) Show that for fixed mole numbers, fixed temperature and fixed volume, the Helmholtz free energy F
of a system will evolve to a minimum.


6. A refrigerator operating reversibly extracts 45 kJ of heat from a thermal reservoir and delivers 67 kJ as
heat to a reservoir at 300 K. Calculate the temperature of the reservoir from which heat was removed.


7. One mole of a monatomic ideal gas and one mole of Cl2 are contained in a rigid cylinder and are separated
by a moveable piston. If the gases are at a temperature of 300 K the piston is observed to be precisely
in the center of the cylinder. Find the pressure of each gas. Treat Cl2 as a van der Waals gas with
a = 0.659 Pa m6 and b = 56.3 · 10−6m3.


Universal gas constant R = 8.314 J/(mol K)
1 atm = 1.013 · 105 Pa
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