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Maxwell-Boltzmann Statistics:

The Maxwell- Boltzmann statistics giving the distribution 
function is applicable to an ensemble of particles forming a 
dilute gas. It may be applied to free electron in the conduction 
band of a semiconductor at ordinary temperature and for not 
too high doping. 

From distribution function the number of particles 𝑁𝑖
occupying the 𝑔𝑖 state is given by 

𝑁𝑖 = 𝑔𝑖 . 𝑓 𝐸𝑖 → (𝑖)

If the energy levels are very closely spaced then 𝑔𝑖 may be 
replaced 𝑔 𝐸 𝑑𝐸 where 𝑔 𝐸 is the density of state and 𝑁𝑖 by 
𝑁 𝐸 𝑑𝐸 , the number of particles with energies between 
𝐸 𝑎𝑛𝑑 𝐸 + 𝑑𝐸.



Hence
𝑁 𝐸 𝑑. 𝐸 = 𝑓 𝐸 . 𝑔 𝐸 . 𝑑𝐸 → (𝑖𝑖)

This equation (𝑖𝑖) is perfectly general and holds for any form 
of distribution function and the density of state. We shall 
consider an electron gas system obeying the Maxwell-
Boltzmann statistics. Since there are two allowed momentum 
states for the two spin orientation of the electron then

𝑔 𝐸 . 𝑑𝐸 =
𝑔 2𝜋. 𝑉.𝑚 Τ3 2

ℎ3
𝐸2. 𝑑𝐸 → (𝑖𝑖𝑖)

Using Maxwell-Boltzmann form of distribution function and 

substituting  𝛽 = −
1

𝐾𝐵𝑇
we obtain



𝑁 𝐸 𝑑. 𝐸 = 𝑒𝛼 . 𝑒− Τ𝐸 𝐾𝛽𝑇 . 𝑔 𝐸 𝑑. 𝐸 → 𝑖𝑣

The constant 𝛼 is to be determined from the total number of 
particles 𝑁 we have

𝑁 = න

0

∞

𝑁 𝐸 𝑑𝐸 = 𝑒𝛼න

0

∞

𝑔 𝐸 𝑒− Τ𝐸 𝐾𝛽𝑇𝑑𝐸 → (𝑣)

So that

𝑒𝛼 =
𝑁

0׬
∞
𝑔 𝐸 . 𝑒− Τ𝐸 𝑘𝛽𝑇 . 𝑑𝐸

→ (𝑣𝑖)



𝑒𝛼 =
൘𝑁ℎ3

8 2𝜋. 𝑉.𝑚 Τ3 2

0׬
∞
𝐸 Τ1 2 . 𝑒 Τ−𝐸 𝐾𝛽𝑇 . 𝑑𝐸

→ 𝑣𝑖𝑖

To evaluate the integral we introduced a dimensionless 

variable 𝑥 =
𝐸

𝐾𝛽𝑇
then we can write

න

0

∞

𝐸 Τ1 2 . 𝑒− Τ𝐸 𝐾𝛽𝑇 . 𝑑𝐸 = 𝐾𝛽𝑇
Τ3 2
. න

0

∞

𝑥 Τ1 2𝑒−𝑥𝑑𝑥 → (𝑣𝑖𝑖𝑖)



න

0

∞

𝐸 Τ1 2𝑒− Τ𝐸 𝐾𝛽𝑇𝑑𝐸 = 𝐾𝛽𝑇
Τ3 2 𝜋

2
→ (𝑖𝑥)

Therefore

𝑒𝛼 =
𝑁

2𝑉

ℎ2

2𝜋𝑚𝐾𝛽𝑇

Τ3 2

→ (𝑥)

Finally for Maxwell-Boltzmann distribution function for the 
system is 



𝑓 𝐸 = 𝑒𝛼𝑒− Τ𝐸 𝐾𝛽𝑇 =
𝑁

2𝑉

ℎ2

2𝜋𝐾𝛽𝑇

Τ3 2

𝑒− Τ𝐸 𝐾𝛽𝑇 → (𝑥𝑖)

The distribution function is sometimes expressed in the form 
of 

𝑓 𝐸 =
𝑁

𝐹(𝐸)
𝑒− Τ𝐸 𝐾𝛽𝑇 → (𝑥𝑖𝑖)

Where 



𝐹 𝐸 =
2𝑉

ℎ3
2𝜋𝑚𝐾𝛽𝑇

Τ3 2

𝐹 𝐸 = න

0

∞

𝑔(𝐸)𝑒− Τ𝐸 𝐾𝛽𝑇𝑑𝐸 → (𝑥𝑖𝑖𝑖)

For discrete energy state 

𝐹 =෍

𝑖

𝑔𝑖𝑒
− Τ𝐸𝑖 𝐾𝛽𝑇 → (𝑥𝑖𝑣)



Where summation replaced the integration. The quantity F 
represents the sum of Boltzmann Factor 𝑒 Τ−𝐸 𝐾𝛽𝑇 , over all the 
accessible state and called Partition Function. The importance 
of the Partition Function is that it determines the distribution 
function are all linked with the Partition Function. The 
distribution function proportional to Boltzmann Factor 
𝑒 Τ−𝐸 𝐾𝛽𝑇 is known as canonical distribution. 



Another Method:

In classical limit the 𝑁 particles are distinguible there are no 
symmetry restrictions on 𝜑 and any combination of the 𝜑
such as 

𝜑 1,2,3… . . 𝑁 = 𝜑𝑎 𝑞1 𝜑𝑏 𝑞2 … . . 𝜑𝑧 𝑞𝑁
Is a possible state. The intangibility of particles means that any 
interchange of particles among occupied space 𝜑𝑎, 𝜑𝑏… lead 
to a new state for the system without a change in total system 
energy. 

To include degeneracy we divide 𝜑 into group of 1, 2, … 𝑖 …𝑘
with respective energy𝜖1. . 𝜖2…𝜖𝑖 …𝜖𝑘 so that the energy 
eigen values for all the 𝜑 in the group of lie between 



𝜖𝑖 𝑎𝑛𝑑 𝜖𝑖 + 𝑑𝜖𝑖
Let us assume that the number of 𝜑’s is 𝛿𝑖 .  Each 𝛿𝑖 is 
assumed to be large but the exact value is unimportant. For a 
particular macroscopic state or microstate 𝑛𝑖 the number of 
microscopic state or microstate is 

Ω 𝑛𝑖 =
𝑁!

σ𝑖=1
𝑘 𝑛𝑖 !

This number is obtained by counting the different possible 
ways of arranging 𝑁 distinguiable objects so that there are 𝑛1
in first group, 𝑛2 in second group and so on . 



We can arrange 𝑁 object in 𝑁! Different ways. However 
permutation of 𝑁1 Object among themselves in group 1 e.t.c. 
will not alter the grouping. To calculate the number of 𝜑
corresponding to their distribution. Let us denote this number 
by Ω 𝑔𝑖 , 𝑛𝑖 . The number of 𝜑 or state is 𝑔𝑖 in the i-th group. 
Among the 𝑛𝑖 particles in this group, the first one can occupy 
these states 𝑔𝑖 ways. The second one and the subsequent one 
can occupy a given 𝜑 in which 𝑛𝑖 particles can occupy 𝑔𝑖
states. This gives for the k possible group of eigen state

Ω 𝑔𝑖 , 𝑛𝑖 = 𝑁!ෑ

𝑖=1

𝑘
𝑔𝑖

𝑛
𝑖

𝑛𝑖!



Where 𝑛1 + 𝑛2.… .+𝑛𝑘 = 𝑁 which is a constant number


