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Change in Entropy 

1 Introduction  

In the previous chapter, we familiarized ourselves with the 

concept of entropy. We found entropy as a thermodynamic 

state function change in which is given by the equation 

ds=dQ/T. The defining function of entropy, however, does not 

enable us to have a single value of the function for a particular 

state of a system. We can only calculate the change (or 

difference) of the two values of the same i.e. mathematically, 

we determine the change in entropy for a system when it 

taken from one (reference) to another (final) state by some 

means. For thermodynamic processes occurring at constant 

temperature and pressure such as melting of a solid in expense 

of thermal energy (as latent heat), the change in entropy can 

easily be calculated using formula   𝑑𝑠 = 𝑑𝑄/𝑇 = 𝑚𝐿/𝑇. 

However, for the processes such as adiabatic transformation ( 

𝑑𝑄 = 0) of work into internal energy of a system due to 

change in temperature, the change in entropy can not be 

calculated directly. In the present chapter, we will discuss 

how to calculate the change in entropy for different 

thermodynamic processes. 

 



9.2 Entropy change of ideal gas  

If a system absorbs an infinitesimal amount of heat reversibly 

at temperature T, then, from the definition, the change 

(increase) in the entropy of the system is given by equation 

(1); 

                               ………………….. (1) 

 

Consider a mole of ideal gas having pressure P, temperature 

T, and volume Vis given a small amount of heat dQ. If dQ and 

dW be the change in internal energy and work done by the gas 

respectively, then from equation (1), we may write; 

                            …………………… (2) 

 

                           

                             

With the substitution of values for dU and dW , equation (2) 

takes the form; 

                           



Now, if the gas is taken from an initial state i to a final one f, 

then the net change in the entropy of the gas can be obtained 

as; 

                                 

                         ………….. (3) 

Equation (3) expresses a general way to calculate the change 

in entropy of ideal gas. By expressing the thermodynamic 

variable accordingly for a given process, one can find out the 

change in the entropy of the gas for that process. 

 

2.1 Entropy change in terms of temperature and volume 

From the ideal gas equation, PV = nRT we may write for a 

mole of ideal gas 

                                    P =
RT

V
 

Putting this value of P in equation (3), 

              

                          

                          

 



          

This is the required expression for change in entropy in terms 

of temperature and volume. 

2.2 Entropy change in terms of temperature and pressure  

Differentiation of ideal gas equation gives; 

                           

or                       

 

   

Putting this value of in equation (3); 

 

            

 

This is the required expression for change in entropy in terms 

of temperature and pressure.  

2.3 Entropy change in terms of pressure and volume  

Differentiation of ideal gas equation gives   

                          



                        

putting this value of dT in equation (3), we get; 

 

            

            

 

3 Entropy change in reversible processes  

To understand deeply the significance, the study about all the 

entropy changes taking place when a system undergoes a 

reversible process is necessary. Here, all entropy changes 

refers to net change in the entropy of the universe which 

equals to the sum of the entropy changes of the system and its 

surroundings due to the reversible process in concern. 

Suppose, during a reversible process, heat Q is absorbed (or) 

rejected by a heat reservoir at constant temperature T. Then 

the entropy change of the reservoir will be Q/T. The sign of 



Q will be positive when heat is absorbed and negative in case 

of heat rejected. It is noticeable here that, in general, most of 

the reversible processes takes place in such a way that the 

temperature of the system changes from an initial (Ti) to a 

final (Tf) value. So, for such reversible processes, a flow of 

heat between a system and a set of reservoirs having 

temperature range from initial to final temperature takes place. 

If  dQR be the heat transferred between the system and one of 

the reservoirs (at temperature T) during any infinitesimal 

portion of the process then; 

 

The change in entropy of the system, 

                                               

 

                    

Similarly it can be shown that the entropy change of the 

universe comes out to be zero when heat is rejected reversibly 

from the system. In above expressions, we calculated the 

entropy changes for infinitesimally small portions of 

reversible processes and found no entropy change. So, clearly, 

the entropy of the universe remains constant for a reversible 

process. 

 



4 Entropy change in irreversible processes  

As we know that all the natural processes are irreversible, it is 

quite important to calculate the entropy changes in irreversible 

processes. For a system undergoing an irreversible process 

between two equilibrium states (initial and final), due to the 

definition of the entropy, the given irreversible process is 

replaced by some arbitrary reversible process occurring 

between the same equilibrium states of the system. If Sf and Si 

be the entropies of the final and initial states of the given 

irreversible process then the change in entropy for the process 

is given by; 

                             

Here R, denotes any arbitrarily chosen reversible process. 


