Entropy and Energy Distribution
• Properties of Entropy
S = k ln(W)

Probabilities are multiplicative  

WAB = WA • WB
Entropies are additive


SAB = k ln(WAB) = k ln(WA) + k ln(WB) = SA + SB

Thermodynamic Weight W

The number of ways of putting the system together from its parts
limit T(0 S= 0 ; i.e. W= 1 at 0 oK
The Third Law of Thermodynamics

• Ensembles and Energy Distributions

 EQ \f(ni,no)  = e EQ \s(-(Ei-Eo)/kT, )  = e EQ \s(-∆E/kT, ) 
Some distributions of molecules over energy states, subject to the constraints that nT=6 and E=10 

 = kT/2 = (1.38 x 10-23)(298)/2 = 2.0 x 10-21 J
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The Boltzmann distribution resembles the middle distribution, which dominates statistical averages.

 EQ \f(n3,n1)  = e-(1k = e-1 = 0.37

W =  EQ \f(N!,n1!n2! n3! n4! n5!)  =   EQ \f(6!,3! 2! 1! 0! 0!)  = 60   where  N = n1 + n2 + n3 + n4 + n5
k = R/Na = 1.38 x 10-23 J K-1 molecule-1   Boltzmann's constant
• Principle of equal a prioi probabilities   Every energy distribution is equally probable

• Ergodic Hypothesis   Time average of a system is the same as the ensemble average

• Boltzmann distribution
pi =  EQ \f(ni,N)  =  EQ \f(e\s(-Ei/kT, ), Se\s(-Ei/kT, ))=  EQ \f(e\s(-Ei/kT, ),q) 
