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Q.1(a) The heat absorbed or conducted, ∆𝑄 is either expressed in terms of change in Enthalpy 

∆𝐻, or in terms of product of temperature and change in Entropy, that is, 𝑇∆𝑆. Evaluate 
the differences in just a few lines. 

[5] 1 V 

Q.1(b) An ideal gas undergoes the following reversible cycle:  
(i) an isobaric expansion from the state (P1,V1) to the state (P1,V2)  
(ii) an isochoric reduction in pressure to the state (P2,V2) 
(iii) an isobaric reduction in volume to the state (P2,V1) 
(iv) an isochoric increase in pressure back to the original state (P1,V1) 
What work is done on the gas in this cycle? If 𝑃ଵ = 3.0 atm, 𝑃ଶ = 1.0 atm, 𝑉ଵ = 1.0 L and 
𝑉ଶ = 2.0 L, how much work is done on the gas in traversing the cycle 100 times?  

[5] 1 III 

     
Q.2(a) Consider a substance held under a pressure P and at a temperature 𝑇. Show that  
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Hint: Utilize one of the Maxwell’s thermodynamic relations. 

[5] 2 II 

Q.2(b) The Helmholtz function of one mole of a certain gas is defined as  

𝑓 = 𝑓(𝑉, 𝑇) = −
𝑎

𝑉
− 𝑅𝑇𝑙𝑛(𝑉 − 𝑏) + 𝑗(𝑇) 

Where 𝑎 and 𝑏 are constants 𝑗 is a function of 𝑇 only. Deduce the expression for the 
number of microstates. 

[5] 2 III 

     
Q.3(a) Write the names of the two important thermodynamic variables that play a key role in 

describing the first- and second-order phase changes. Why we needed to investigate the 
Ehrenfest equation despite Clausius-Clapeyron Equation? Investigate the changes in 
Entropy 𝑠 and Volume 𝑣 in the Ehrenfest equation. 

[5] 3 V 

Q.3(b) A paramagnetic salt is magnetized isothermally and reversibly from zero applied magnetic 
field to a final value of 𝐵଴. It obeys the Curie law 𝜒௠ = 𝐶 𝑇⁄ . Show that the heat of 
magnetization is 
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where 𝑉 is the volume of the salt. Hint: Express𝑆 = 𝑆(𝑇, 𝐵଴). 

[5] 3 III 

     
Q.4(a) Considering nitrogen gas in atmosphere as an ideal gas, find the most probable speed and 

average kinetic energy of nitrogen molecules at 300 K. Take mass of single nitrogen 
molecule as 4.65 × 10ିଶ଺ kg. 

[5] 4 III 

Q.4(b) Using kinetic theory of gases, obtain the relation between pressure and rms speed  of an 
ideal gas. 

[5] 4 III 

     
Q.5(a) Write the equation of state for a van der Waals gas. Sketch its isotherms at different 

temperatures and identify the critical isotherm. Explain the significance of the critical 
isotherm. 

[5] 5 IV 

Q.5(b) Find the temperature 𝑇஼, pressure 𝑝஼  and volume 𝑉஼ at the critical point of a van der 
Waals gas. 

[5] 5 III 
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