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Q1 (a) Define zeroth law of thermodynamics. [2] 

 (b) When a system is taken from state a to state b along path acb, 100 J of heat flows into 
the system and the system does 40 J of work.  
 

(i) How much heat flows into the system along path aeb if the work done by the 
system is 20 J? 

(ii) The system returns from b to a along path bda. If the work done on the system 
is 30 J, does the system absorb or liberate heat? How much? 

[3] 

    
Q2  

 
Air is compressed from an initial condition of 1 bar and 298.15 K volume 0.02479 to a 
final state of 5 bar and 298.15 K by three different mechanically reversible processes in 
a closed system: 
 

(i) Isothermal compression. 
(ii) Adiabatic compression followed by cooling at constant volume. 

 
Assume air to be an ideal gas with the constant heat capacities, Cv = 2.5R and CP = 3.5R. 
Calculate the work required, heat transferred, and the changes in internal energy and 
enthalpy of the air for each process.  

[5] 

    
Q3 (a) Draw the paths of polytropic processes characterized by specific values of δ on a PV 

diagram. 
[2] 

 (b) Derive PVγ = constant for an ideal gas in an adiabatic process. γ is heat capacities ratio 
with its usual meaning. 

[3] 

    
Q4 (a) Define the mathematical statement of the second law of thermodynamics. [2] 

 (b) What is the difference between heat pump and refrigeration system? Derive the 
coefficient of performance (COP) relationship of heat pump and refrigeration system.  

[3] 

    
Q5  Derive the following relation for an ideal gas. All the symbols are of their usual meaning. 
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[5] 

    
Q6 (a) Draw T-S and P-H diagrams of vapor-compression refrigeration cycle. [2] 

 (b) Write a note on common refrigerant and their choice criteria for a refrigeration system. [3] 
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