Homework 9, Chapter 10
Due Monday, March 14 
In Kittel, do problem 1
2.)  Thermodynamic treatment:  As discussed in class (see also Fig. 4, Chap. 10), a superconductor undergoes a (negative) magnetization in an applied field Hexternal.  If we take, for simplicity, an ellipsoid so that the magnetization, M, is uniform, then the difference in the Gibbs free energies in a superconductor (Gs) :
                                                            H ext
Gs(Hexternal) = Gs(H=0) – Volume* (0 M(Hexternal)*dHexternal
The integral times V is just the work done on the superconductor by the magnetic field.

   H ext

(0 M(Hexternal)*dHexternal = - Hc2/8( where as discussed in class Hc is the critical field.
In the normal state, the magnetization is usually very small, so Gnormal(Hc)=Gnormal(H=0)
The free energies in the normal and superconducting states are equal at the critical field:

Gnormal(Hc) = Gs(Hc)

a.)  Gnormal(H=0) – Gs(H=0) = ?

b.)  using your knowledge of how the entropy is related to the Gibbs free energy, what is:

Snormal(H=0) – Ss(H=0) = ?

c.)  at T=Tc what is Snormal(H=0) – Ss(H=0) ?
d.)  using your knowledge of the temperature dependence of the critical field (Kittel, Fig. 3), and using your result for part c.), discuss the relationship of the entropy in the normal state, Snormal, to the entropy in the superconducting state, Ss.
                                Tc
e.)  the entropy = (0 (C/T) dT, where C is the specific heat at constant volume.  Using your result for c.), what is Cs – Cn = ?
f.) what is Cs – Cn at T=Tc (known as the specific heat ‘jump’, or discontinuity (C, at Tc.)

3.)  eqn. 18, chap. 10 in Kittel gives the BCS result for Tc
Tc = 1.14 (Debye exp [-1/UD((F)]

Using numbers in the book for the specific heat ( and (D and for Tc for the element Nb and equations in Chap. 6, what is the strength of the electron phonon interaction U in niobium?
