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The probability in canonical ensemble,

i (N, V., T) = 35 P50 where p =
B

Where 1j = energy of the particle ‘1” in the j-th state

€2j = energy of the particle ‘2’ in the j-th state and so on

Now, if we substitute the value of E; into pj or if substitute directly the value of E; into the canonical

partition function Q,
Q(N,V,T) =Y ePENY)

S QN V,T) =y e Fleuretray)

= QWM,V,T) =Y e Pey Sye P ... ;e Pen;



Now, if all the particles are the same, then it is not necessary to level them, so we can omit 1, 2, 3

those terms. We can write
Q(N,V,T) =YjePs YiePs . .......Y;e P [N number of terms]
Q(N,V,T) = (e Pam)™
Q(N,V,T) =q"
Where g is molecular partition function
q= (e Pam)

N
for distinguishable particles Q (N, V, T) = %

So, we reduces the N body problem into N number of single body problems.

So next we will discuss more about molecular partition function. Suppose we have total N number

of distinguishable particles, out of these capital N number of distinguishable particles, out of N

number of particles, n, number of particles are present in energy state 1. similarly, n, number of

particles are present in energy state 2 and so on. We can write

Yinj =N=constant .............. (1)

Yin; €,=E=constant ............ (2)

We are distributing capital N number of particles in different energy state. So a general

configuration can be achieved in W different ways. So we can write




Suppose for simplicity, we have 3 distinguishable particles, rather we can consider 3 balls red, we
say red is R, blue, we denote blue as B and we have yellow ball and we define yellow by Y and
we have 3 baskets. In first case we have all 3 balls in basket 1, we consider 3 basket as b1, b2 and
b3.

Now

Case |. suppose we consider that all 3 baskets are present in basket 1.

bl b2 b3

RBY

3

So, = =
3! x 0! x0!

Case Il. Two balls are present in b1 and 1 ball is present in basket b2. Let us see how many ways

we can put.

bl | b2 | b3 bl | b2 | b3 bl b2 | b3

RB Y RY B BY R

3
So =—2=3
2! x 1! x0!
Case I11. Each basket contains one ball.
bl b2 b3 bl b2 b3 bl b2 b3




bl b2 b3

bl b2 | Db3 bl | b2 b3
B |R |Y Y R B R Y B
3
So, - =
10 % 11 x1!

So, higher the weight W, higher will be the probability of the system to be found in the particular
configuration, but equations 1 and 2 must be satisfied.

N!

nl!nz!

So W =

InW=InN!—Inn;!— Inn,!......... .. ...
by using Stirling approximation that is In X! = X In X - X, we get
INW=NInN-N—>;(n;Ilnn; —ny)
INW=NInNN-N—->injlnn; — Yin;
INW=NInNN-N-=>injlnn; — N
INW=NInN- >inilnn
so in order to get the configuration for which W has its maximum we need to do differentiation

din W =d(N In N) — Yin;In dn;

din W = ¥ (5) dn;

al‘li

Again, > in;= N = constant



So, Yidn; =0
Similarly, };;n; €; = E = constant

= Zieidni=0

din W=7 (alnw) +oa—Be [dn

ani
where o and - 3 are Lagrange’s multipliers.

Since, dn; # 0

Z‘(azl)rrl:v)Jr a—BE£0
This is true for every ‘i’ value
= —lnnj+1+ a—B€=0
1 can be neglected in comparison to n;
= —lnnj+ a — BE=0
= n;=e%ePa
Now >in;=N
= YieYeBi=N

N
oa —
= e - ZP e—BEi
Ne Pei .
n; = ey [ here ‘1’ 1s state]
e

nl e_BEi .. - H H
N pi = s o Be; = This is Boltzman distribution law




If we consider degeneracy we get,

n: .o~ BEj

i gle 1 - . H

~ — m [where gi is the degeneracy of ith state]
1 81

QN V, T) = 3 e
= Q(N,V,T)=qgN for distinguishable particles
q = ZJ e_BEi )

To calculate partition function of N number of particles or capital Q we need to calculate g
because we decompose the N body problem into N number of single body problems. Once we

get the capital Q we can calculate different thermodynamic quantities.

So our goal at this moment is to calculate g or molecular partition function. So for this we consider

the simplest system one can think of that is ideal mono atomic gas.

So next we discuss ideal mono atomic gas. A mono atomic gas has translational, electronic and
nuclear degrees of freedom. The translational Hamiltonian is separable from the electronic and
nuclear degrees of freedom and electronic and nuclear Hamiltonians are separable to a very good

approximation. So, we can write

q (V, T) = Qtrans Gelec Gnucl

while quans is the translational partition function, gelec is electronic partition function and gnuci is

nuclear partition function.

So once we calculate q trans, q electronic and g nuclear we can calculate g for ideal mono atomic
gas. In order to calculate the translational partition function, we consider particle in 3 dimensional

box of edge length ‘a’. So the expression for energy in particle in 3 dimensional box is

2 2 2
ng+ng+nz

Nxnyn, 8ma?



— V0 o0 00 —BEngnyn
(trans = an=1 Zny=1 an=1 e Y

Now, if we substitute the values of epsilon ny, ny, n;, here we get

. _ BnZh? . _ Bngh? . BnZh?2
_ Z z Z
Utrans = an=1 € 8ma Zny=1 € 8sma an=1 € 8ma

BnZh2

Qtrans = (2?10=1 e 8ma? )3

The power 3 represents the dimensionality of the box

Now for or at room temperature the successive terms in the summation differ so little from each
other that the terms vary essentially continuously and the summation can be replaced by integral
or integration.

2p2

Qrans(V, T) = (fooo e smaZ dn)°

2mmkgTy /2
Qerans(V, T) = (T)

Where V = volume of the box = a2

hz /2
Suppose A= (ankBT)

\/
Qtrans = F

This is the expression for translational partition function.

Unit of A

1
A= (i)

So A has dimension of length.



