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This is also called as the 

Nernst’s Theorem. The 

third law states that the 

entropy of any body 

vanishes at absolute zero of 

temperature, i.e. S = 0 at  

T = 0.
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First order –

• Discontinuous change of int.  
energy and sp. Volume

• Heat evolved / absorbed

➢ e.g. Solid – Liquid, Liquid –
Gas
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Principles of Equilibrium Statistical 

Mechanics Debashish Chowdhury Dietrich 

Stauffer

Calculate the Fermi energy in eV for Sodium assuming 

that it has one free electron per atom. Given density of 

sodium = 0.97 g/cc, Atomic weight of sodium is 23. 
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Data: N0 = 6.02  1026 atoms per kg mole, 

  = 0.97 g/cc = 0.97  103 kg/m3

 w = 23

h = 6.6210–34 joule.sec

m = 9.1 10–31 kg
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F = 5.04265  10–19 Joules

= 3.147 eV
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Thus we can define the law of 

increase in entropy in the following 

way:

“If the entropy of a closed system 

does not have its maximum value at 

any time, then the entropy will 

increase or at least remain constant 

at a later time”.
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Substituting equation (28) in equation (27) the total ground state energy of the gas is 

given by
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From equation (29) and (32), we get
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Thus the average energy per particle of the Fermi gas at T = 0 is 3/5 times the Fermi 

energy F. 
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<< 1

Ideal Fermi gas at T  0 
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Find number of possible ways of distribution of 2 

electrons in 3 states according to MB, BE and FD 

statistics.
If ni = 2 : No. of electrons

& gi = 3 : No. of states

MB statistics: BE statistics: FD statistics:
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Themodynamics and Statistical 

Mech (Springer.1997) Walter 

Greiner
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Themodynamics and Statistical Mech 

(Springer.1997) Walter Greiner

F (T, V, N)
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Find number of possible ways of distribution of 2 

electrons in 3 states according to MB, BE and FD 

statistics.
If ni = 2 : No. of electrons

& gi = 3 : No. of states

MB statistics: BE statistics: FD statistics:
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Thermodynamics, Gibbs Method and 

Statistical Physics of Electron Gases 

Bahram  M. Askerov



Feb  2013

Therefore condition for phase equilibrium is  
   

  T1 = T2   (Thermal Equilibrium) 

  P1 = P2   (Mechanical Equilibrium) 

  1 = 2   (Chemical Equilibrium) 
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Thermodynamics, Gibbs Method and 

Statistical Physics of Electron Gases 

Bahram  M. Askerov

Pg 298

Eq 7.300
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When the particles are distinguishable there are two possibilities for 

occupancy of the states, as described by the wave functions

If the particles are Bosons, the system is described by symmetric wave function

And if they are Fermions, the system is described by the antisymmetric wave 

function
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Thermodynamics and Statistical Mechanics 

2nd Ed Greiner-Neise-Stocker (pp 211)
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The composite objects that have even number of Fermions are Bosons and those

containing an odd number of Fermions are themselves Fermions.

(an atom of 3He = 2 electrons + 2 protons + 1 neutron  hence 3He atom is a

Fermion)

(an atom of 4He = 2 electrons + 2 protons + 2 neutron  hence 4He atom is a Boson)

In general, if a neutral atom contains an odd number of neutrons then it is a Fermion,

and if it contains en even number of neutrons then it is a Boson.

Atom Electrons Protons Neutrons Total

1H1 1 1 0 2

4He2 2 2 2 6

23Na11 11 11 12 34

40K19 19 19 21 59
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Find number of possible ways of distribution of 2 

electrons in 3 states according to MB, BE and FD 

statistics.
If ni = 2 : No. of electrons

& gi = 3 : No. of states

MB statistics: BE statistics: FD statistics:
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