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Q1 (a) Write the equations of internal energy for the adiabatic and non-adiabatic 
work for the thermodynamic processes. 

[2] CO1 4 

Q1 (b) One mole of ideal monatomic gas is confined in a cylinder by a piston and is 
maintained at a constant temperature  by thermal contact with a heat 
reservoir. The gas slowly expands from  to   while being held at the same 
temperature . Why does the internal energy of the gas not change? 

[3] CO2 4 

      
Q2 (a) If the gas is compressed or expanded by motion of the piston, any change in 

internal energy results from the piston’s motion is due to work W. Write the 
signs of W (work) and Q (heat) during compression and expansion of the gas by 
the motion of the system. 

[2] CO1 5 

Q2 (b) Referring to Q2 (a) state whether internal energy is changed or unchanged 
during the process of compression and expansion of the gas by the motion of 
the system. 

[3] CO2 4 

      
Q3 (a) A monatomic ideal gas undergoes an adiabatic expansion from volume Vi to Vf.  

Obtain an expression for the ratio of the initial to the final temperature of the 
gas. 

[2] CO1 4 

Q3 (b) Write the expression for volume expansivity ( ) and volume compressibility 
( ). If they are related by an expression, 

 
Show that the relationships that connect the specific heats at constant volume 
and constant pressure are consistent for  mole of an ideal gas. P, V, and T 
are thermodynamic variables. 

[3] CO2 2 

      
Q4 (a) The quantum mechanics is concerned with the wave function  which itself 

has no physical meaning. However, the square of its absolute magnitude  
evaluated at a particular place and at a particular time is proportional to the 
probability of finding the body at that time (probability density/distribution 
function). What would be the expectation value for its momentum when the 
wave function  is normalized and not normalized? 

[2] CO1 5 

Q4 (b) If the speed distribution function  of a body between  and  is 
given by  

 
Calculate the expectation value of square of the speed. 

[3] CO2 5 

      
Q5 (a) What do you mean by ultraviolet catastrophe and how this catastrophe 

problem was solved by the Planck’s work? 
[2] CO1 5 

Q5 (b) Under what approximations Planck’s work reduces to Rayleigh-Jeans radiation 
density. 

[3] CO2 5 
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