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Third Law of Thermodynamics 

1 Introduction  

In previous topics, we studied about an important state function 

‘entropy’ of the thermodynamic systems and calculated the change in 

this function during some reversible/irreversible processes. We had 

been familiarized with the fact that entropy (of the universe) remains 

the same during a reversible process and always increases whenever 

the process occurs irreversibly. Let us consider a thermodynamic 

system which absorbs an infinitesimal amount of heat  𝑑𝑄  reversibly 

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

of the system is given by equation 

                                      ………….. (1) 

Now, for the processes involving unit mass occurring at constant 

pressure  𝑑𝑄   may be written as; 

                                      ……………. (2) 

…..(3) 

Writing above equation as a definite integral, we have that the entropy 

of a system measured at some temperature T is given by; 

 ………….(4) 



or   

 …………. (5) 

where T0 is some different temperature. Thus from above equation, it 

seems that we are only able to find the change in entropy and not the 

absolute measurement of entropy itself at a given temperature. On the 

other hand, with the fact that the entropy decreases with temperature, 

what value will it take when temperature is absolute zero? The answer 

of this question is given by the third law of thermodynamics. Below 

are given some of the statements of the third law. 

 

2 Statements of the third law  

While Walter Nernst’s ingenious intuition was led to the 

establishment of third law of thermodynamics, some other 

distinguished people, most notably Max Planck, Albert Einstein, and 

Simon contributed significantly in the development of this important 

scientific venture. The third law of thermodynamics has evolved from 

the Nernst observations on the chemical thermodynamics of electro-

chemical cells. After his statement of third law, the discussions were 

made between him, Planck and Einstein regarding his analysis on an 

entropy change in a reacting system at temperatures approaching 

absolute zero. Even after 100 years since this discussion took place, 

there is still no satisfactory universal formulation of the third law 

thermodynamics. The development of the understanding about the 

third law by different scientists based on their own 

experimental/theoretical analysis is briefly presented below.  



 

 

 

 



 

 

 

 

 

 



 …..(6) 

 

 

                       ……………. (7) 

In above equation, CP stands for y and equation (7) 

presumes heat capacity to vanish 

i.e. CP⎯⎯→0, as T ⎯⎯→0, 

Since otherwise, S will diverge to - as T ⎯⎯→0. A 

similar conclusion can be obtained for  CV by 

considering the heating process with constant volume. 

 

 

Nernst’s statement: According to Nernst, the change in 
entropy of a system undergoing any reversible isothermal 
process approaches to zero as temperature tends to 0 ºK. In 
other words,  
All reactions in a system being in internal equilibrium occur 
without any change in entropy at temperature near to absolute 
zero.  
Mathematically, we can express it as: 

                               
Consequences of the third law  
Having familiarized with the third law of thermodynamics in 
terms of the statements given by different learned physicists, 
let us discuss some of its consequences; 
1 Heat capacities near absolute zero?  
It can be easily shown that the value of any heat capacity will 
tend to 0, as temperature approaches absolute 0ºK e.g.  
The heat capacity C can be expressed in terms of entropy as; 
 



                          

 

 

 
 

3.2 No gases remain ideal as  
We are familiar with the fact that no any real gas behaves as 
an ideal gas. The concept of ideal gas is just a combination of 
some idealized conditions extracted from the 
theoretical/experimental observations made by some scientists 
such as Boyle, Charles, and Gay-Lussac. However, the ideal 
gas equation describes the real gases quite well under quite a 
wide range of conditions.  
We know that for a mole of mono-atomic ideal gas, the 
difference between its heat capacities equals a constant i.e. 



 
3.3Thermal expansion stops as T->0 
 

                   

 
3.4 Curie’s law breaks down as T->0 

This law states that the magnetic susceptibility (  ) is inversely 

proportional to temperature 
 

                           …………………(2) 
Where M is magnetization, B applied magnetic field and C is a 
material specific constant. From equation (2), it is clear that  
 →   as 0T → . However, third law implies that i.e. 

                                                

and hence   

                                



 

 

3.5Unattainability of absolute zero  

It is the main consequence of the third law, according to which “It is 

impossible to cool any system to T = 0 ºK in finite number of steps”.  

Let us understand above statement by considering the cooling 

behavior of a system in terms of the parameters entropy (S) and 

Temperature (T). Figure 3(a) shows the plot of S against T for 

different parameter X of the system. 



 

 



 

  

  

 


