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Que 1: Give Mathematical expression of Thermodynamic Potentials: Enthalpy, 

Helmhotz Free Energy and Gibb’s Free Energy. 
Ans: 
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Que 2: Derive Maxwell’s four Thermodynamic Relations. 
Ans: 
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Similarly, 

 

 

And  
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The above four equations are collectively known as Maxwell’s Thermodynamics 

relations. 

 

Que3: Explain Joule-Thomson effect for Ideal and Real gases. 

Ans: 
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The denominator in above equation is 
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Equation above defines a curve in the T − p plane (see Figure 5): this curve is known as 

inversion curve. 
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Que 4: Explain Clausius-Clapeyron equation and derive it using thermodynamic 

arguments. 

Ans: The Clausius-Clapeyron equation relates the latent heat (heat of transformation) 

of vaporization or condensation to the rate of change of vapour pressure with 

temperature. Or, in the case of a solid-liquid transformation, it relates the latent heat of 

fusion or solidification to the rate of change of melting point with pressure. 

 

alllabexperiments.com



B.Sc. (Prog) Sem-3 (Thermal Physics)       Chapter-2 

10 

 

Let us imagine a vapour in equilibrium with its liquid held in a cylinder by a piston, at a 

constant temperature – namely the temperature at which the liquid and vapour are in 

equilibrium − that is to say, the boiling (or condensation) point for that pressure. We 

imagine the piston to be pulled out, at constant temperature; liquid evaporates and the 

pressure remains constant. If the piston is pushed in, vapour condenses, at constant 

temperature and pressure. During this process the pressure and temperature remain 

constant, so the Gibbs free energy of the system is constant. 

Let G1 be the specific Gibbs free energy for the liquid 

and G2 be the specific Gibbs free energy for the vapour 

 

Suppose that a mass dm of the liquid vaporizes, so that the Gibbs free energy for the 

liquid decreases by G1dm and the Gibbs free energy for the vapour increases by 

G2dm. But the Gibbs free energy for the system is constant. This therefore shows that, 

when we have a liquid in equilibrium with its vapour (i.e. at its boiling point) the specific 

Gibbs free energies of liquid and vapour are equal. 

                     

in which the enthalpy and entropy are specific. The left- hand side is the specific latent 

heat of vaporization, and we know that this is equal to the difference in the specific 

enthalpies of liquid and vapour. The equality of the specific Gibbs free energies of liquid 

and vapour can also be written 

                      

This shows that the latent heat of vaporization goes into two things: To increase in the 

internal energy upon vaporization (especially the increase of potential energy as the 

molecules are pulled apart from each other) and the PdV work done against the 

external pressure as the volume increases. Thus we could divide the latent heat into an 

internal latent heat and an external latent heat. 
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In the foregoing, we imagined that some liquid vaporized as we withdrew the piston. 

Now let us imagine that we cause some liquid to vaporize as we add some heat at 

constant volume. The specific Gibbs free energies of liquid and vapour both increase, 

but they increase by the same amount because, as we have seen, when a liquid and its 

vapour are in equilibrium at the boiling point, their specific Gibbs free energies are 

equal. Thus 

                   

 

                             

 

Que 5: At 100 0C the rate of increase of vapour pressure of steam is 27.1 mm Hg 

per Celsius degree, and a gram of steam occupies 1674 cm3. What is the specific 

latent heat of vaporization? 
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Que6: Derive all three TdS equations. 

Ans:  First TdS equation 

 

Second TdS equation 
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Third TdS equation 

 

 

 

alllabexperiments.com



B.Sc. (Prog) Sem-3 (Thermal Physics)       Chapter-2 

14 

 

 

 

 

 

Que 7: Derive Cp – Cv using Maxwell and TdS equations. 

Ans: 
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Following Interpretations can be made from above equation, 
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