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SPH 843E

QUESTION ONE (14 MARKS)

Under high frequency fields, the superconducting Cooper pairs are also accelerated since they
have to change direction on reversal of fields. Starting with Maxwell’s equation; VH = J, +Js +

do . . E
- and knowing that J; = e show that,

(a).V?H = [)iz — o?p,E + (icouoco)] H (10 marks)

(b).For d.c fields, show that the equation in (a) reduces to; VZH = }% (2 marks)
(c). At microwave frequencies show that the equation in (a) becomes;

V?H = [%2 + (impoco)] H (2marks)

QUESTION TWO (14 MARKS)

(a). The difference in free energy between the normal and the superconducting state in
applied field of strength H, is given by; g, + gs(H,) = %“o (H? — H2), where g is free
energy density.. If Gibb’s free energy of a magnetized material is G = U — TS + PV —
uOHaM, show that

(1) the change in entropy when the material transits from the normal to the
. . dH,
superconducting state is; S, — Sg = “oHCE (7 marks)
(ii) From (a), deduce that the degree of order in the superconducting state is
much higher than that of the normal state. (3 marks)
(b). Derive the London’s equations. (4 marks)

QUESTION THREE (14 MARKS)
(a). Briefly describe the working of a superconducting fuse and circuit breaker. (2 mark)

(b). The Hamiltonian which represents the interaction between two electrons mediated

through a phonon exchange is given as;

_ 2 ho + +
H; =3, w|B,gl mC,{:M Ci—qCiCyr where k and k' are the

wave vectors of the electrons and q is phonon wavevector.

(1) Write down the electron anti-commutation relations that the operators, Cs obey (4
marks)
(ii) Fully describe the quantity B, and state the condition for an attractive electron-

electron interaction.(5 marks)

(c). Describe any 3 salient features of the BCS theory of superconductivity. (3 marks)
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QUESTION FOUR (14 MARKS)

(a). Bogoliubov- Valatin canonical transformation allows us to write the Hp¢s in terms of
new operators. By defining the new operators as;
Vi = UpCy — Vi CXy and
Vi = UxC_y + V,C{ Fully diagonalize the Hpcs (8marks)
(b).Obtain the kinetic and the potential energy of a superconducting system whose trial wave
function is described as; |¥y) = [k [(1 — Pk)% + Pk%b,’;] |¥,) where P is the probability
of pair occupation. (6 marks)

QUESTION FIVE (14 MARKS)
(a). Discuss the two characteristic lengths of a superconductor (4 marks).
(b). By calculating the integral of the phase of the Cooper pairs around a closed loop and

; . L. 21h .
using Stoke’s theorem show that the magnetic flux is given by ¢ = e (n) wheren is

an integer. (10 marks)

QUESTION SIX (14 MARKS)

1

In Josephson junction, y, = nZel® is the probability amplitude of the electron pairs on one side

1
of the junction and y, = nZe'® is the amplitude on the other side. Suppose both superconductors

e . . : ]
are identical and at zero potential, the Schrodinger equation of such a system can be; il :311:, =

Ty, where T is a measure of the leakage of y, into the region 2 and v, into the region 1. Show
that;
o
(a). e (12 marks)

(b). The supercurrent J is J = Josind, where § is phase difference. (2marks)
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