
DQt
The probability for the system to be in a stale
i in the grand canonical ensemble is

p
,
= e- BIE

-

MNi) E i = energy of state i
- Nc = #particles in state i
L

To get the probability PCN ) that the system has
exactly N particles, we sum P, over all states i
which have NEN -

- pet, -unit
PCN) = Z Re = Z e-

i suck i such L
thatNEN that NEN

pMN - B Ez
= e Z e
-

e such
&

thatNi=N

But I e-PE' is grist the canonical partition
i. such

that NEN function QN

Using z = em we then have

PlN)=ZNQN#L✓
The ab one result as true ni generale .

However , for non-interacting indistinguishable
particles we have ,
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Qu =tN
,
L -- qFan = In ⇐nQ? = EQ '

N !

so
pent - zµN,.Qg aGOI
IN! e

ZQ ,

Pen ) = 9=1-7N£N!_
This is just a Poisson distribution with mean

1=7071 True for any Qi ! Particles↳
can have internal degreesof freedom

From the well known properties of the
Poisson distribution we then have

average (N> = X = 2- Q ,

variance LNS - LN 22 = y - ZQ ,

-

In case these properties of the Poisson

distribution are met well known to you ,
we can derive them !

( N> = In ZNeII=±zz§n ZNQN)L

-



= Zz Zz (L ) = I # (EZQ ' ) =2zIeZQ
= ZQ ,

= t where we used L=eZQ '

< NZ> =-3 z÷N
'

= Zzz ( zzz Z ZNQN)

=FFz( zfz.CL )) -- Zzfzfzfz EQ)
=

Zz Zz ( za , EQ)
-

- Zzfa.EE#ieZQY=ZQiLtz-yQL=zQitCZQcl2
L

= a t y
2

So Lµ2z - LN>
2
= at 12 - X

-

= d

so LN> =D

and LN
'
> - LN >2--7
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