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1. The entropy per unit volume Sy in the normal state is related to the entropy per unit
volume Ss in the superconducting state by
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where Hc¢ is the critical field.

)] Show that at the transition temperature Tcthe discontinuity in heat capacity
per unit volume is given by
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(i)  The observed threshold field curve of Hc versus T is represented fairly well
by the parabola

H.(T) = H, [1 - (TT—C)Z] ,

where Hy is the value of the critical field at absolute zero. Show that

_Co= [T _ (1)3

Cv—Cs = 2nT, [Tc 3 Tc

(iii) It is known experimentally that Cs of a metal in the superconducting state
does not contain a term linear in 7, so that the linear term in the above
equation is to be identified with the electronic contribution yT to the heat

capacity of the metal in the normal state. Calculate the value of y for Al with
Ho=99G and T¢=1.18K.

2. The contribution of the partially filled electronic d-shell of N ions in a unit volume
of solid to the magnetization is given by

M = NgugJB;(x),  x = gJugB/kgT,
where B)(x) is the Brillouin function, g the Landé-g-factor and s the Bohr magneton.
(i) Show that the magnetic susceptibility is given by

_ Np2up
- 3kgT ’

where p is the effective number of Bohr magneton.

(Question continued on next page)



(i)  Consider Co?* ion whose basic d-shell is given by 3d’. Assuming that the
orbital angular momentum is not quenched, determine the ground-state
term and the effective Bohr magneton number p. Repeat the calculations
assuming the orbital angular moment is quenched. The experimental value

for pis 4.8.

Comment on your calculated results.
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Hint: B;(x) = gt x K 1.

. The complex refractive index N and the ac conductivity o(w) for a metal with cubic
symmetry are given by

1+w?72

N=n+iK=[1+Z0@], o@ =0c0[iL],
w
where 0(0)=ne?t/m, w is the angular frequency and t the relaxation time.

() Show that the real and imaginary parts of N2 are given by
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where wp=[4mne?/m]*is the plasma frequency.

(i)  Using the relation
(=12 +K? 4n
B Y R CF Ry eyes
for the reflectance at normal incidence, verify the following expressions
for R in the three given regions:
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(iii)  Discuss the optical properties of the metal in the above three regions.



4. The dielectric function of an ionic crystal with N ion pairs per unit volume is given

by

_ 4N q?
8(0)) - 8(00) + M(w%—wz) ’
where q is the effective charge and M the reduced mass.

)] Show that the transverse optical phonon frequency wr is related to the
longitudinal optical frequency w; by

2 _ 2 , AMNg?
w; = wr + Me(o0)
(ii) Show that s(w) = w2

(iii)  Sketch e(w) versus w and discuss the optical properties of the ionic crystal.

(iv)  Verify the Lyddane-Sachs-Teller relation
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Experimental values of static dielectric constant, optical dielectric constant
and transverse optical frequency for NaCl crystal are 5.9, 2.25 and 3.1x1013 Hz
respectively. Determine the longitudinal optical phonon frequency.
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