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Solution of the problem in Fig. 1: 

                 
             

  

  
 (ignoring the potential and kinetic energy 

changes in air),                   
 

  
            

Case a: the system consists of the air only. 

The schematic of the system is drawn in top right hand corner of Fig. 2. 

The system is expanding against the constant weight of the piston and constant atmospheric 

pressure quasi-statically (assume that the process is quasi-static). Hence, it is a constant pressure 

process. The piston is frictionless. 

Hence, pressure of the air inside the system,      
   

  
                

Work done,    ∫             ∫                   

                    

First law for a process,           . Here,           .  

Integrating,                  

 

Case b: the system consists of the air and the piston 

Now, the piston is internal to the system. Since the entire assembly including the piston is 

insulated, there is no heat loss to the surroundings. Hence, in this case also, the heat transfer from 

the resistor to the system would be Q = 22.56 kJ.  

Let’s check if it comes out to be the same in this case. 

In this case, work done would be against the constant atmospheric pressure. 

Hence,       ∫        



The first law for a process in the integrated form,           . Here, the potential 

energy of the system changes as the piston is part of the system and it is raised against gravity. 

Hence,          . 

We don’t know   . But we know change in volume of air,   . 

Now,                                    

Hence,                                     

Based on the choice of the system, heat transferred, work done and change in energy can change. 
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