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Chapter 10
ldentical Particles

2. Energy Distribution Function

Energy distribution function f(E.) is the average number of particles per level in the energy

2
states E, . Therefore f(E,) =i=ﬂ( h
g V\2zmk,T

Energy distribution in different dimension
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2 3/2
. f(E)=E h e ®'%" distribution function in three dimension where V' is
V\2zmk,T

volume.

2
e f(E)= N_KH e *'%" distribution function in two dimensions where A is area.
A\ 2zmk, T

>\
. f(E)ZE h e %" distribution function in one dimension. where L is
L\ 2zmk,T

length.
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The number of particles n( E)dE having energies in the range from Eto E +dE is

n(E)dE = f(E)g(E)dE where f(E) is distribution function and g(E)dE is number of

level(quantum state) in the range of Eto E +dE

2

2m\: &
o g(E)dE in three dimension g(E)dEzZﬁV(h—mj E2dE where V is volume of three

dimensional space

e g(E)dE in two dimension g(E)dE=rA 2m dE where Ais area of the two
h

2

dimensional space

2me o
e g(E)dE in one dimension g(E)dEzL(h—TJ E2dE where Lis area of the one
dimensional space

The number of particles n(E)dE having energies in the range from EtoE+dE in three-

dimensional space S 0-5
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This is known as the Maxwell-Boltzmann energy distribution law for an-ideal gas.

Where A= # is defined as the thermal wavelength.
2amk, T

B
Average Energy

For the Maxwell-Boltzmann energy distribution law, average energy (E) of the particles is

["En(E)dE
(E)y ="

'[0 n(E)dE

1 27N ® 153/2 ~ElksT
EYy=—— | Ee"""dE
(E)=— (ﬂkBT)mJ.O

Let £ = k,Tx and therefore, dE = k,Tdx Then we have
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E= 2 372 J':(kBTx)3/2 e kyTdx = 25%T

_l.wx3/ze“dx = 3kBT
(7kyT) 0 2
Hence, the average of a particle is %kBT per degree of freedom, for three degree of freedom it

3
is —k,T

2 B
Example: If N number of distinguishable particle is kept into two dimensional box of area 4
what is average energy at temperature 4.

Solution: for two dimensional system g(E)dE = ﬂA(zh—Tj dE and distribution

N h?
Function is given by f(E)= 50— o ElksT
mk,

“En(E)dE 2
(E) = L@L where n(E)dE = f(E)g(E)dE = LA LA o (2—’”j dE
J'O n (E) dE A\ 2zmk,T

(Ey=k,T

H.N. 28 A/1, Jia Sarai, Near IIT-Delhi, Hauz Khas, New Delhi-110016
#: +91-89207-59559, 8076563184
Website: www.pravegaa.com | Email: pravegaaeducation@gmail.com




