GRAND PARTITION FUNCTION

N systems each of volume V, temperature T,
chemical potential 1, and the particle number
N, which is variable, whereas in microcanonical
and canonical ensemble the particle number is

constant. Now,

Total volume of the super system = N.V
Total number of particles = >n. N,
Total number of systems, N = Sn.

Total energy, E=3 n. . E.



Now, probability of having n1 systems of energy
E1 and particle number N1 and so on is

w=RN!/C.TI(n!)

Here N, N, and E are constants and the most6
probable distribution is given by

S(InW-aN—-BE-yN)=0
INnW=InN!-SInn!-InC
=NINnN=N-Snlinn+3n—-InC
=NInN-3nlInn
SInW=N&N/N+InNSN-5nlInn/n
-Y Inn, 6n.



=5S(InN=Inn)6én =0

Now,

adyn=0 BO6>En=0,and

VOS> N nNn=0

Therefore,

S(InN=Inn—a—-BE—-yN,)=0

InN/n=a+BE+yN

N/n =exp.(a+BE+yN)

ni/N=exp.(-a-BE-yN;)
Sni=N=Nexp.(-a)5exp.(-BE—yN.)

exp.(+a)=3(-BE-VN)



ni=N('BEi_VNi)/Z('BEi_VNi);
WhereZ= 3 (-BE —yN,), the grand partition
function.

Therefore,n,.=N (-BE —yN,)/Z, and

W.=n /N = exp.(-BE—-yN.,)/Z,the
probability of a chosen system having energy
E.and the number of particles N,

Now, E=E(S,V,N) and
dE = (RE/RS),, \.dS + (FE/AV) \.dV + (BE/EN)s,.dN
=T.dS-=PdV+ p.dN, and S=-k> W, InW,

S=-k3exp.(-E—puN,) /KT
[(-E;—uN;)/ kT=InZ] /2



S=W.E/T-p3SW.N/T+klnZ3 W,
S=E/T-uN/T+klnZ
But from thermodynamics, it is clear that
S=E/T-uN/T+PV/T
From this we get PV =KkT In Z
Now, d(PV) = S.dT + N.du + P.dV
d(kT In Z) = S.dT + N.du + P.dV
S=B(kTInz) /BT
N=&(kTInZ),,/BW and
P=kTInZ/V




Now, Z =755 el E/KT)uNi/KT)
=55 eMNI-E/)KT
Z==755 ell/kTZNji(u-Eji)
=>TTe (Nji/KT) (u - Eji)

:'|_|'Zi

For Bose — Einstein Statistics n;= 0,1,2,3,

Fermi Dirac Statistics n;= 0,1

For Bose — Einstein statistics,
Z. = 1 + e(H-E)/KT 4 a2(u-Ei)/KT 4

= [ 1 — elk-E/KT]

Whereas for Fermi Dirac statistics
Z. = 1 + e (k-Ei)/KkT

and for



