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TO BE ANSWERED IN BOOKLETS

DURATION: 3 Hours








INSTRUCTOR: R. V. Kowalewski

STUDENTS MUST COUNT THE NUMBER OF PAGES IN THIS EXAMINATION PAPER BEFORE BEGINNING TO WRITE, AND REPORT ANY DISCREPANCY TO THE INVIGILATOR.

THE NUMBER OF PAGES IN THIS QUESTION PAPER IS INDICATED IN THE HEADER AT THE TOP OF EACH PAGE.

The examination will be graded out of 50 points as indicated.

Students are allowed to bring one pocket calculator.

Some useful formulas are collected below for reference.

For closed systems:

Tds = cv dT + T((P/(T)v dv

Tds = cP dT – T((v/(T)P dP

Tds = cP ((T/(v)P dv + cv ((T/(P)v dP

For open (or closed) systems:

dU =  TdS – PdV + (dN

dF = -SdT – PdV + (dN

dG = -SdT + VdP + (dN

dH =  TdS + VdP + (dN

For an ideal gas:

g(T,P) = RT [ lnP + ((T) ] + g0 

 (6 pts)  Question 1

Indicate true or false for each of the following statements:

(a) cv is never larger than cp.

(b) The heat flow in a reversible isobaric process is equal to the difference in enthalpy between the initial and final states.

(c) At small specific volume, all gases behave like ideal gases.

(d) ((T/(X)S(0 as T(0 for any property X of a system.


Answer the following questions:

(e) Which of the following is an extensive quantity?

1. chemical potential

2. heat capacity

3. temperature

4. isothermal compressibility

(f) Is a reversible process necessarily quasi-static?

(6 pts)  Question 2

A Carnot refrigerator operates in the tropics, where the external temperature is 305K.  The temperature inside the refrigerator is 274.5K.

(a) What is the coefficient of performance of this refrigerator?

(b) One liter of water at a temperature of 305K is placed in the refrigerator.  How much work must be supplied to the refrigerator (in Joules) to reduce the temperature of the water to 274.5K?

The owner of the refrigerator needs to power some machinery and decides to reconfigure her Carnot refrigerator to operate as a Carnot heat engine.

(c) Assuming the high temperature reservoir is now at the boiling point of water and that the waste heat is exhausted at ambient temperature (305K), how efficiently does her reconfigured refrigerator convert heat energy into useful work?

(6 pts)  Question 3

A substance with expansivity ( = 1.0 * 10-5 K-1 and isothermal compressibility ( = 1.0 * 10-11 (N/m2)-1 is held in a rigid cylinder with a movable piston.  The initial volume is 1 liter and the pressure on the exterior face of the piston is 1 atmosphere.  

(a) How much work is done by the substance when it is heated isobarically from 273K to 373K?

(b) If instead the piston clamped down (i.e. not allowed to move), what is the final pressure when the substance is heated isochorically from 273K to 373K?

(c) The adiabatic compressibility of a substance is defined as (s = -(1/v)((v/(P)s.  Show that (s = ( / (, where ( = cP / cv.

(6 pts)  Question 4

(a) Describe the Gay-Lussac-Joule experiment and state what we learn about a substance by performing the experiment.


(b) Describe the Joule-Thomson experiment and state what we learn about a substance by performing the experiment.

(6 pts)  Question 5

A deformable (“plastic”) bag is filled with liquid water and water vapor in equilibrium with each another.  


(a) Show that temperature and pressure changes are related by the constraint that the two phases remain in equilibrium, i.e. prove

((P/(T)23 = l23 / [ T (v’’’ - v’’) ]

(b) Make reasonable assumptions (state them!) and use what you know about the properties of water at one atmosphere of pressure to integrate this relationship and thereby calculate the temperature at which the liquid and vapor will be in equilibrium when the bag is subjected to a pressure of two atmospheres. You can take the latent heat of vaporization to be 22.6*105 J/kg and to be independent of temperature.

(7 pts)  Question 6

Blackbody radiation is characterized by an energy density per unit volume which is a function of temperature alone: U = u(T)V.  (Note that N cannot be considered as an independent variable for a photon gas.)  The pressure exerted by the photons on the walls of the cavity containing the blackbody radiation is P = u/3.  In the following be sure to include all relevant steps or assumptions in the derivations.


(a) Starting from a TdS equation, show that ((U/(V)T = T((P/(T)V - P.

(b) Based on the given information, show that ((P/(T)V = 1/3 du/dT. 

(c) Combining the relations in (a) and (b), show that u can be written as u(T) = (T4, where ( is a constant.  This is the Stefan-Boltzmann law.


The entropy of blackbody radiation is given by S = 4/3 ( T3 V.


(d) Calculate the Gibbs function.

 (7 pts)  Question 7

A heat engine cycle consists of a diatomic ideal gas taken through the following reversible sequence:

· (a-b) an adiabatic compression

· (b-c) an isothermal heating

· (c-d) an adiabatic expansion

· (d-a) an isochoric release of heat, returning to the initial state.

The initial volume is V1, the volume after the compression is V0 = 0.1 V1, and the volume after the isothermal heating is V2 = 4.0 V0.

(a) Graph this cycle in the P-V plane.  Label the vertices and the relevant volumes.

(b) Find the efficiency of the cycle.  You should be able to quote a numeric value from the information given.

(6 pts)  Question 8

This problem will study the mixing of two fluids with (=(=0.  

(a) Show that for a substance with (=(=0 the specific Gibbs function is

g(T,P) - g0 = v(P-P0) - cv { T [ ln(T/T0) - 1 ] - (T - T0) } - s0 (T - T0)

THIS SHOULD HAVE BEEN:

g(T,P) - g0 = v(P-P0) - cv { T ln(T/T0) - (T - T0) } - s0 (T - T0)

It may help to know that ( dz [ ln (z/z0) ] = z [ ln (z/z0) - 1 ].

(b) Explain why we can write the total Gibbs function for a system as

G = G0 + ( (j Nj
when P and T are held constant. This equation will be useful in the following.
Now consider two incompressible liquids separated by a partition. There are N1 moles of liquid 1 and N2 moles of liquid 2. The liquids are then allowed to mix, with T and P held constant throughout the process, so that each liquid is uniformly distributed in the total volume.  (Recall that ( = g + RT ln x is valid generally).

(c) Find the entropy change in the mixing process.  Express your answer in terms of x1 and x2, where xj = Nj / (k Nk.
END





























































