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BOSE-EINSTEIN STATISTICS



Topics Covered:

➢Bose-Einstein Distribution Law
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• Consider an isolated system of N identical , indistinguishable particles contained in 
a volume V at an equilibrium  temperature T with total energy U.
• Here we account for the particles whose spin quantum number is an integer.
• These particles are known as Bose particles or bosons. Example: photons with spin 
1 and alpha particle, deuteron with spin 0.
• The particles do not follow Pauli’s exclusion principle i.e. any number of particles
can be in a common level

Suppose there are l states with energies, E1, E2, ……El, and degeneracies g1, 
g2,….gl respectively.  Let n1, n2, ….nl , respectively, be the number of 
particles in these levels.
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•In the given system the total number of particles is constant
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Hence  it’s derivative 
]1.....[0= in

Also, the total energy of the system(U) is constant
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Hence it’s derivative 
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Now we want to place ni indistinguishable particles in gi levels with the freedom that any 

number of  particles can be placed in any level.

For that let us consider two distinguishable particles to be arranged in two distinguishable 

Cells i.e. ni = 2  and gi = 2

Number of  permutations of  2 particles in 2 cells will be:

A B B A AB AB BA BA

Which will be equal to the number of permutations of ni particles and (gi -1) partitions.

Considering the particles and partitions to be different objects, the number of permutations 
of (ni+gi-1) objects  will be= (ni+gi-1)!

So, for the given example, (ni+gi-1)! =(2+2-1)!= 3!= 6
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Since, the particles among themselves and partitions among themselves are indistinguishable,

the number of  ways of  arranging  ni indistinguishable particles in gi levels is
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Where, i=1,2,3……l

Hence, total number W of  ways of  arranging the particles among states will be

W= W1W2…….Wl
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Since, ni and gi are large numbers, we can omit 1 in comparison to them :
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The most probable distribution of  N particles among l states is that for which W is the 

Maximum!!

For mathematical convenience let us take logarithm of  W and consider the maximum of

ln(W).

Therefore, d (ln W)=0 for maxima
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ln𝑊 = ln[ෑ

𝑖=1

𝑙
(𝑛𝑖 + 𝑔𝑖)!

𝑛𝑖! 𝑔𝑖!
] = 

𝑖=1

𝑖=𝑙

ln[
(𝑛𝑖 + 𝑔𝑖)!

𝑛𝑖! 𝑔𝑖!
]

= 

𝑖=1

𝑖=𝑙

[ln( 𝑛𝑖 + 𝑔𝑖)! − ln 𝑛𝑖 ! − ln𝑔𝑖 !]

𝐴𝑝𝑝𝑙𝑦𝑖𝑛𝑔 𝑆𝑡𝑖𝑟𝑙𝑖𝑛𝑔 𝑎𝑝𝑝𝑟𝑜𝑥𝑖𝑚𝑎𝑡𝑖𝑜𝑛

ln 𝑥 ! = 𝑥 ln 𝑥 − 𝑥,

ln𝑊 =

𝑖=1

𝑖=𝑙

[(𝑛𝑖 + 𝑔𝑖) ln( 𝑛𝑖 + 𝑔𝑖) − (𝑛𝑖 + 𝑔𝑖) − 𝑛𝑖 ln 𝑛𝑖 + 𝑛𝑖 − 𝑔𝑖 ln 𝑔𝑖 + 𝑔𝑖]

ln𝑊 =

𝑖=1

𝑖=𝑙

[(𝑛𝑖 + 𝑔𝑖) ln( 𝑛𝑖 + 𝑔𝑖) − 𝑛𝑖 ln 𝑛𝑖 − 𝑔𝑖 ln 𝑔𝑖]. . . . . . . . . (2)
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This is the Bose-Einstein distribution of  the particles among various states or Bose-Einstein 

distribution law
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1/kT where,
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This is called Bose-Einstein distribution function
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THANK YOU!


