Universitat Heidelberg winter term 2010/2011
3. PRESENCE EXERCISE FOR THE LECTURE STATISTICAL PHYSICS

for Thursday /Friday October 18/19, 2010
For active participation you get 2 points !

Together with your tutor: Recap the termodynamic relations in the table 2(see next page) and
the relations between the statistical ensembles and the thermodynamic potentials (table 1).

a) Derive the Maxwell relations in table 2. Find other Maxwell relations.

b) Use (see table 2) dF = —SdT — pdV + pdN and dJ = —SdT — pdV — Ndp and the
expressions for F' and J in table 1 to show that S = kp (1 - B%) InZ.,, and S =
ki (1= B35 ) InZg.

c) Use dS = (1/T)dE + (p/T)dV — (u/T)dN and dJ = —SdT — pdV — Ndyu to deduce the
expressions forp in table 1.

Table 1:
microcanonical canonical grand canonical
Zrnierol V. N, E) Zean(V, N, ) Zor (V. 1. )
B = 21 Zmic E =2 Zean E= (—% n ga%) InZ,,
S = kpInZ ;. F=—kTInZ., J = —kpT1InZy
S =kp (1 - 5%) W Zn | S = kp (1 _ 5%) InZ,,
W= —%a%anmic ©w= —%3%111ann N = %%angc




Table 2:

thermod. independent conjugate | thermodynamic
potential variable variable relations
w | SN | T () | (), () - (B
2 aE = p==(5F)sx
TdS —pdV + pdN | p= (gl)sv
enthalpie S, p, N T = (%H)p o (B, = (%};)&N = (g%)p,zv
H=FE+pV dH = V:(a—g)w
TdS +Vdp+ pdN | p = (gH)Sp

free energy T, V., N S=- (85)‘/71\7 (3({‘9/2§T>N - (%)TN T (%>VN
F=E-TS dF' = p:7(gl)TN
—SdT = pdV + pudN | p=(9%),
free enthalpy T, p, N S=- (g%)pN (%)N - (gi)TN B (gg)lﬂv
G = dG = V= (%%)TN
E—-TS+pV | —=SdT +Vdp+ pdN | pu= (%ﬁ)”
grand can. pot. T, V., p S=- (g’f Vi
J = dJ = p=- (%)Tu
E—-TS—uN | —8SdT — pdV — Ndu NZ_(%)TV




