Programme 14 Additional Problems

Series

1  The grand canonical partition function of a system of particles is given as:
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where, for bosons Z; = Z e 1) for fermions Z; = Z e~ PmiE-1) and for

n;=0 1;=0
00 o= Bni(ei—p)
a Maxwell-Boltzmann gas Z; = ) e -
=0 nl-!
Show that for bosons Z; — —
(@) ow that for bosons Z; = -— 35—

(b) Show that for fermions Z; = 1 4 ¢~ /&i—#)

(c) Show that for a Maxwell-Boltzmann gas Z; = exp(e /)

Working
1 1

(a) Show that for bosons Z; = i E—)

o0
Zi=Y et
n,-:O

— ¢ OEi—n) o o=Pllei—n) | o= B2(ei—p) 4 4 o= ANGEi—m) o

1
Let x = e A1 so that Z; = 1+x+x2+...+xN+...:ﬁ. That is:
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(b) Show that for fermions Z; = 1 4 ¢~ /&i—#)
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(c) Show that for a Maxwell-Boltzmann gas Z; = exp(e /&)

© _ ,—0Oni(ei—p)
e
Zi=> "
= n!
e POEi—p)  o=Pllei—p)  e—B2(ei—p) e PAN(ei—n)
=~ o 1 T Tt N T
Let x = e P 5o that
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Zi=1 +ﬁ+§+”'+ﬁ+“' = exp(x)

That is:
Zi = exp <e’5(5"’“)>
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