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Use a separate answer-script for each group.
Group A
Aﬁswer any TWO. questions.

1. (a) Show that the spatial parts of the wave functions associated with two-electron
spin-singlet and spin-triplet states can be expressed in terms of single-electron states,

{61(71), $2(72)} as

*
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2}

(b) Let us suppose that the two-electron system js described by the Hamiltonian,

2
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and the single-electron wave functions, ¢ (7:) satisfy the eigen value equation higi(73) =
E;¢i(7;). Now by treating H, as the unperturbed Hamiltonian and Hj as the perturbation
show that singlet and triplet energies are Ey = Ey+ E; + 1 F J, respectively where

I = (¢ (71)$2(72)| Ha |1 (F1) 2 (72)) and J = (D1(71)d2(F2)| Ha |1 (72) da (7).

[4]
(c) By using the trial wave function of the form
Y(z) = Ae~t*,
find the bound state energy of a one-dimensional Dirac delta potential, V(z) = —a é(z).
4



2. (a) By using the Hartree-Fock equation,
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introduce the exchange charge density at position 7 for an electron in the ith state at
position 7, i. e., pf*(7,r’'). Show that total exchange charge, is

[ iyar =,

* where e is the charge of a proton. ' [1+1=2]

(b) Estimate the exchange charge density for the electron gas and show that at T=0K
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where = kpR and K = 7 — r'. Other symbols have their usual meaning [2]

(¢) Show that the average exchange charge density at position  due to an electron at
position 7 for the electron gas is

- [2]
(d) Thus show that the average charge density at a distance R from an electron at 7 of
electrons with parallel spins is

eN 2
~57 F( ), where F(z)=1-9f(z)*.
[2]

(e) Plot the variation of F(z) with z and describe the creation of Fermi hole.  [1+1=2]
3. (a) Express the total kinetic energy of N number of non-interacting electrons confined

in volume V in terms of number density of electrons (n) by using the Sommerfeld model.
Henceforth obtain the expression of Thomas-Fermi kinetic energy functional, T'[n(7)].

[2+1=3]

(b) Derive the expression of Hartree potential functional,
V() = 2 & WE T g
ST dreg 2 I“' 7l
by using the expression of electron number density
n(F) =Y [ (P,
¥

where 1;()s are the normalized single electron wave function and U(Fy, 7, -+ ,Fy) =
Hi lbe(ﬁ)- _ [2]
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[2+1=3]

(¢} By using the total energy functional, Eln] = T[n] + U[n], derive the expressions of
integral and differential forms of Thomas-Fermi equation. [2]

(d) Solve the Thomas-Fermi equation in the asymptotic region and show that

1
n(F) 5 when 7 — o00.

3]

. (a) From the first Hohenberg-Kohn theorem develop the Kohn-Sham equations for density
. functional theory.

[4]
(b) Find the expression of total energy functional in terms of Kohn-Sham eigenvalues, ¢;
and other functionals. [1]

{¢) Derive the expression of Dirac exchange energy functional for homogeneous free elec-
tron ges. ' 4]

(d) Describe local density approximation (LDA)} on the Dirac exchange energy functional.

1]
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Answer any two questions

1. (a) Define density of state function.

Show that the density of state function depends upon dimensioﬁ ‘d’ of the solid by the
following relation '

2.1
D(E) aE>

(b) Plot graphically the variation of Density of state functions for (1) Two dimensional
solid, (i) One dimensional solid and (iii) Zero dimensional solid; Explain the physical
significance of such plots.

(c) Obtain an expression for the Fermi level of a 2 dimensional solid at absolute zero
considering its density of state function.

(5+3+2)

2 (a) For a one dimensional potential explain the following schemes for drawing E-K diagrams
in a solid

(i) Periodic zone scheme
(ii)  Reduced zone scheme
(iii)  Extended zone scheme

Show the first and second Brillouin zone for the above schemes. What is Wigner-Seitz cell?

(b) Construct the first four Brillouin Zones for a simple cubic lattice in two dimensions.




(¢) By assuming a flat emitting surface and applying the concept of image charge show that the
reduced barrier with the application of an external field can be expresses as

V =-¢ VeE where the symbols have their usual meanings.

Hence explain the Schottkey effect.
(B3+3+4)

3. (a) Derive the following expression for susceptibility of Pauli paramagnetism formula for a
metal ' '

x = 3nHp
p ~ 2kpTp

where the symbols have their usual meanings.
Does the result tally with experiment? If not explain why?

(b) Write down Boltzmann Transport equation and explain the different terms in it. Solve this
equation for finding an expression for the current density in a metal under relaxation time
approximation.

(5+5)




