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1. a- Show that the pressure coefficient of a closed hydrostatic system, (��/��)V, tends to zero as the 
temperature tends to absolute zero.  
b- Use this result to show that van der Waals’ equation cannot be valid at low temperatures.  
c- What does the third law say about the existence of the classical ideal gas? 
 

2. Examine the behavior of the isothermal bulk modulus K of a closed hydrostatic system as the temperature 
approaches absolute zero:  
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3. Use the third law of thermodynamics to obtain the following results:  
a- For a saturated reversible voltaic cell of electromotive force (EMF) E at a temperature T, 

lim�→�
��
��=0. 

b- For the surface of a liquid in equilibrium with its own vapor, having a specific surface free energy σ 

at a temperature T, lim�→�
��
�� = 0. 

 
4. A mass of 0.025 kg of liquid helium at its boiling point (4.0 K under the pressure of the experiment) is 

contained in a Dewar vessel whose thermal capacity may be neglected. Calculate the percentage of the 
liquid that is evaporated when a small silver sphere of mass 0.350 kg and at a temperature 20.0 K is 
placed in the liquid helium. The specific enthalpy of vaporization of liquid helium at 4 K is 2.1x104 J/kg 
and below 20 K the specific heat capacity cp of silver varies with temperature T according to the equation: 
��/J ���� ���  = 1.5"10�#(�/�)% + 6"10�% �/� 

 
5. At the critical point, (��/�	)T =0 and (�(�/�	()T =0. Show that, for a van der Waals gas, the critical 

point is at:  
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273. 

 
6. When a first-order phase change takes place in a closed system, part of the energy 

absorbed by the system is used to increase the internal energy and part to do work because 
of the change in volume. Using the values of water, show that the work done on the 
surroundings forms only a small part of the enthalpy of vaporization. For water, we have: 
the specific enthalpy of water h=2257 kJ kg-1 at a pressure of 0.101MPa; the specific 
volume of liquid water is 1.044 x 10-3 m3 kg-1 and that of steam is 1673.9 x 10-3 m3 kg-1.   

7. Show that the chemical potential of an ideal monatomic gas of N particles is:  
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Hints: Use the relation ; = �<ln� & 3ln= & ;�, the expression F=U-TS and the relation between 
4 and F or the expression of G and the relation between 4	and G. 89 is the Avogadro number. 
U=3/28�5T and ><=3/28�5.  

8. Consider two systems, A and B, each composed of the same single particle type. The two systems are 
contained in a chamber surrounded by rigid adiabatic walls and they are separated from each other within 
the chamber by a rigid diathermal wall which is also permeable to the particles.  
a- Show that the condition for equilibrium against particle exchange is the equality of the chemical 

potential.  
b- Suppose now that the two systems are both the same gas on each side of the separating wall. Show 

that the pressures are equal. 
c- Would the pressures be equal if different phases existed on either side of the wall?  
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