
Programme 14 Additional Problems

Series

1 The grand canonical partition function of a system of particles is given as:

Z ¼
Y

i

Zi

where, for bosons Zi ¼
X1

ni¼0

e��nið"i��Þ, for fermions Zi ¼
X1

ni¼0

e��nið"i��Þ and for

a Maxwell-Boltzmann gas Zi ¼
X1

ni¼0

e��nið"i��Þ

ni!
.

(a) Show that for bosons Zi ¼
1

1 � e��ð"i��Þ

(b) Show that for fermions Zi ¼ 1 þ e��ð"i��Þ

(c) Show that for a Maxwell-Boltzmann gas Zi ¼ exp e��ð"i��Þ� �

Working

1
(a) Show that for bosons Zi ¼

1

1 � e��ð"i��Þ

Zi ¼
X1

ni¼0

e��nið"i��Þ

¼ e��0ð"i��Þ þ e��1ð"i��Þ þ e��2ð"i��Þ þ . . .þ e��Nð"i��Þ þ . . .

Let x ¼ e��ð"i��Þ so that Zi ¼ 1 þ x þ x2 þ . . .þ xN þ . . . ¼ 1

1 � x
. That is:

Zi ¼
1

1 � e��ð"i��Þ
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(b) Show that for fermions Zi ¼ 1 þ e��ð"i��Þ

Zi ¼
X1

ni¼0

e��nið"i��Þ

¼ e��0ð"i��Þ þ e��1ð"i��Þ

¼ 1 þ e��ð"i��Þ

(c) Show that for a Maxwell-Boltzmann gas Zi ¼ exp e��ð"i��Þ� �

Zi ¼
X1

ni¼0

e��nið"i��Þ

n!

¼ e��0ð"i��Þ

0!
þ e��1ð"i��Þ

1!
þ e��2ð"i��Þ

2!
þ . . .þ e��Nð"i��Þ

N!
þ . . .

Let x ¼ e��ð"i��Þ so that

Zi ¼ 1 þ x

1!
þ x2

2!
þ . . .þ xN

N!
þ . . . ¼ expðxÞ

That is:

Zi ¼ exp e��ð"i��Þ
� �

Question
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