
Top Ten Items  
Chapters 1-3 
 
 

1. Thermodynamic State Functions 
 

Legendre Transform (Ch.1, p.15-p.17):  
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From the 1st law of thermodynamics (dE=TdS-pdV: for one component system), we have 
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Ex 1.  Helmholtz free energy 
Seek a function whose natural variables are  T and V.: Since E=E(S,V), we need to 
replace only S with T. So Look for the slope that gives T in the above. That is 

, therefore we set ( )/ VE S T∂ ∂ = , ,y E x S P p= = = −  to get E TSφ = − .  
 

Ex 2.  Enthalpy 
Seek a function whose natural variables are  S and p.  In this case we need to replace only 
V with p. So use the slope ( )/ , then 

S
P E V p V= ∂ ∂ = − → x . 

Therefore the function you wanted is: ( , ) called Entalphy.y Px E pV H S pφ = − = + =  
 

Ex 3. Gibb’s free energy 
Seek a function whose natural variables are  T and p. In this case, we need to replace both 
(S,V) with (T, p). The Legendre Transformation can be extended to:  
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Ex 4. Chemical potential in multi-component systems 
In general E,A,H, and G depend on the number of moles or molecules of each component. 
Nj = the number of moles of component j and µj  = chemical potential of component j. 
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2. Determination of the Grand Canonical Partition Function, Q 
 
Use Lagrangian undetermined parameter method. For any possible distribution number of 

states, maximize { }( ) !
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Similary, , therefore

By comparison with the thermodynamic relation (Pr. 1-29), and with
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3. Alternative determination of that leads to the relationship between 
Entropy and Partition Functions  

,β γ

For Grand Canonical Ensemble Z,  
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For Canonical Ensemble Q,  
Similarly, we could relate S to Q, if we used in the above instead of : lnf = Q lnf Z=
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4. Proof of S = k ln Ω 
 

i) Using Grand Canonical Ensemble 
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ii) Using Canonical Ensemble 
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5. Proof of A = - kT ln Q 
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6. Proof of pV = kT ln Z 
 
Method 1:  use    
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7. Proof of G = kT ln ∆ 
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8. Thermodynamic connections in various types of ensemble 
 

,

Table 3-1
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Note which set of variables is fixed in each ensemble, and which variables are derived 
from the logarithm of the partition function. Note also that S is never fixed-if it were, 
nothing else would happen. 
 
 

9. Relationship between Ω and Q 
 
The fluctuation theory shows that fluctuation is small in a system of large N. Therefore 
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We thus recovered the relation:  from . lnA kT Q= lnS k= Ω

10. An Example of Ω 
 
The above shown relation S k  is the best 
known equation in statistical thermodynamics. It 
says: the more states available to a system, the 
higher the entropy is. Boltzmann is the first 
person to see how probability ideas could be 
combined with mechanics. But his idea was not 
well accepted at his time. Do we know what Ω  
looks like? Yes, in Chapter 1, we have shown t
for an N-particle system: 
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Using the volume of N-dim sphere, the number of states with energy E is found
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