Homework 9, Chapter 10
Due Monday, March 14 
In Kittel, do problem 1
[image: image1.jpg]: this is the London equation. The proposed solution is seen directly to

satisfy this and to satisfy the boundary conditions B( 1 5) =B,. (b Ford<<hu





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) = ?

From the 1st eqn., we know that Gs(Hc) = Gs(H=0) + VHc2/8( or Gs(H=0) = Gs(Hc) - VHc2/8( so 

Gnormal(H=0) – Gs(H=0) = Gnormal(Hc) [from eqn. 3]  - (Gs(Hc) - VHc2/8()
But we know from eqn. 4 that Gnormal(Hc) = Gs(Hc) so Gn(H=0) – Gs(H=0) = VHc2/8(
b.)  using your knowledge of how the entropy is related to the Gibbs free energy, what is:

Snormal(H=0) – Ss(H=0) = ?

S = -dG/dT, so Sn(0) – Ss(0) = -d/dT (Gn(0) – Gs(0)) = -d/dT (VHc2/8() = 

 -[VHc/4(]dHc/dT so you can calculate the difference in normal and superconducting state entropies if you know the critical field curve.
c.)  at T=Tc what is Snormal(H=0) – Ss(H=0) ?
at Tc, Hc=0, so the two entropies are equal
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.
except at Tc, since dHc/dT is negative, Sn(0) > Ss(0)
                                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 = ?
Cs - Cn= T*d(Ss – Sn)/dT = T d/dT (+VHc/4( * dHc/dT)=VT/4( * d/dT (Hc*dH​c/dT) = 
VT/4( * (Hcd2Hc/dT2 + (dHc/dT)2).  
For part f.) below, At Tc, Hc=0 and the jump at Tc in the specific heat is just VT/4( (dHc/dT)2
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?

( for Nb is 7.79 mJ/molK2.  This gives (=1/3 (2 D(EF) kB2, so D(EF)=

[3*7.79 10-3J/molK2]/((kB)2=2.37 10-3J/molK2/(1.38 10-23 J/K)2 = [2.37 10-3/6.022 1023 atoms]/1.904 10-46 J = 0.207 1020/atoms*0.624 1019 eV=3.32 states/eV-atom
(Remember the formula I gave which was D(EF)=0.4244 * ( (in units of mJ/molK2) which gives D(EF)=3.31 states/eV-atom)

So then Tc(according to Kittel) is 9.5 K, (D is 275 K, so 1/UD(EF)=3.497, or U=0.086 eV (since states and atoms are not units, just reminders to get moles turned into atoms)
