Statistical physics Final examination 13.12.2006
Suomalainen versio: kaanna!

1. Show the following relations for ideal Bose-Einstein gas:
(ATLZ)Q = <(’ng - ﬁ1)2> = ﬁg(l + ﬁg)
(AN)? = ((N—N)? E:W1+nd

and for ideal Fermi-Dirac gas:
(Ang)2 = ﬁg(l — T_lg); Z 1 — ng
¢
Here N = 3, 7y is the total number of particles.

2. Thermodynamic response functions can be obtained as second derivatives of

thermodynamic potentials. Show that the heat capacities Cy = T( )VN

and Cp, =T (%)ILN can be expressed as
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Show also that the COIIlpI‘eSSIblhtleS KT = =5 (%>TN and kg = —; (%)S,N

can be written as
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Why the sign in front of the second derivative is negative?

3. Show that the expansion of the pressure for the ultrarelativistic Fermi-Dirac
gas (krp > k. = mc/h) at vanishing temperature 7" = 0 is
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4. Calculate the leading contribution to Cy, when T' < T for ideal Fermi-Dirac
gas. Hint: the 1st order Sommerfeld expansion is
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5. The grand potential of the ideal Bose-Einstein gas is

VkpT o~ 2"
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Here \2. = 27h*/(mkgT) and z is the fugasity. Write down the Clausius-
Clapeyron equation for the condensation transition and show that the con-
densation heat per particle is
5¢(3)
Ah = - —2<kgT, C(x) = g(1
S () = 0.(1)



