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Statistical Interpretation of Entropy

Statistical mechanics bridges between 

phenomenological thermodynamics underlying microscopic behavior

-Statistical mechanics requires a separate lecture (see textbook part II)

but

abstract nature of entropy asks for an intuitive picture for state function S

Here: heuristic approach to statistical interpretation of entropy by

Ludwig Boltzman 
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A Statistical View of Entropy

Macro-states and Micro-states 
Example: 

a two-phase-block case with 6 identical but distinguishable particles

A certain set of numbers of particles in each phase block 

corresponds to a certain macrostate.

{ab, cdef}and{ab, cedf} are the same macro and microstates.

{ab, cdef}and{ac, bdef} are the same macro but different microstates.

{abc,def}and{def,abc} are the same macro but different microstates.

{ab, cdef}and {abcd,ef} are different macrostates.

The thermodynamic probability of a macrostate is the 

corresponding number of microstates:

# Every microstate is assumed to be equally probable.
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# A system changes its microstate all the time. 

# The equilibrium state is the most probable macrostate.  
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Example, Microstates and multiplicity:
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Example, Entropy change :

When n moles of an ideal gas doubles its volume 

in a free expansion, the entropy increase from the 

initial state i to the final state f is Sf -Si =nR ln 2. 

Derive this result with statistical mechanics.

Calculations: The molecules are in a closed 

container, and the multiplicity W of their 

microstates can be found by:

Here N is the number of molecules in the n moles 

of the gas. Initially, with the molecules all in the 

left half of the container, their (n1, n2) 

configuration is (N, 0).

Finally, with the molecules spread through the 

full volume, their (n1, n2) configuration is (N/2, 

N/2).

The initial and final entropies are

Now, 

Therefore, 

The change in entropy from the initial state to 

the final is thus

which is what we set out to show.
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Consider a gas in a box  from an atomistic point of view

atoms (or molecules) are moving in a disordered manner within the box 
having collisions with the walls

V1 V2

Probability to find a particular atom in V2 reads

Let's pick two atom: 

Probability to find both of them at the same time in V2 reads

2

1

V
p(1) p

V
 

2

2

1

V
p(2) p p

V
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Probability to find all N atom at the same time in V2 reads

N

N 2

1

V
p(N) p

V

 
   

 

V1 V2

Let W1 be the “thermodynamic 
probability” to find system in the 
homogeneously occupied 
state)

Thermodynamic probability to 
find system in a state with 
all atoms in V2 reads:

N

2
2 1

1

V
W W

V

 
  

 

or

N

1 1

2 2

W V

W V

 
  
 

Note: W1>>W2 for N large
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Entropy S quantifies the thermodynamic probability W of a particular state

S function(W)

We know: S extensive
A B A BS S S  

SA SB SA+B

Thermodynamic probability WA+B to find combined system A+B in a state where 
subsystem A is in a state of thermodynamic probability WA

and
subsystem B is in a state of thermodynamic probability WB  reads 

+ =

A B A BW W W  

Which function does the job A B A B A Bf(W ) f(W W ) f(W ) f(W )    

so that A B A BS(W ) S(W ) S(W )  
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S C ln W

Check:
A B A BS C ln W  A BC ln W W=

A BC ln W C ln W 

A BS S 

Let’s determine C

We know entropy change with volume changeV0Vf for an ideal gas 
in an adiabatically isolated box

f

0

V
S nRln

V
 

Now we apply f
f 0

0

W
S C ln W C ln W C ln

W
   

with

N

f f

0 0

W V

W V

 
  
 

N

f

0

V
S C ln

V
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W: # of possible microstates

f f
A

0 0

V V
S N C ln n N C ln

V V
   comparison with f

0

V
S nRln

V
 

B A
B

A A

R k N
C k

N N
  

BS k ln W

Principle of increase of entropy

Adiabatically insulated system 
approaches state of maximum
probability.
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