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Ref. No: EX/PHY/TG/112/20/2019

M. Sc. Physics (Day) Examination 2019

(2nd Year, Ist Semester)

PHYSICS
SOLID STATE PHYSICS AND X-RAY
PHY/TG/112
Time: Two hours Full marks: 40

Answer any FOUR questions.

{a) Considering the pericdicity Leqmrement show that the crystals can po'sses only certain
rotational symmetry, 14

(b} Explain using a clean diagram as to why base centered cubic ldttice does not exist,

3]

(c) Prove Braggs law using Ewalds construction. |
(a) Mention the fundamental syrametry elements which lead to the point group symmetry
of the crystals? (2]
(b) What are the proper and improper axes? f1.5]
(¢) Draw the stereographic projections of the following pom‘t groups o _

(1) 6/"7‘ (i) 6. (ii1) 3 e . e e e e [@51
(d) If in a crystal, a mirror plane is combined perpendicularly to a rotation axis, which
combinations will you obtain? Also prove any ONE equivalence that exists. (2]
{a) If & u;, (12 and u3 be the primitive vectors of a Bravais lattice, define the privitive

vectors, bl, bg and b, of the corresponding reciprocal lattice.

(b) If R and G be the Bravais vectors in a direct and the corresponding reciprocal lattices,
respectively, show that ¢/ %G =1,

(c) Let & = 2(5 + k), @ = &(k + ?) and @3 = %(7 + 7) be the primitive vectors of a FCC

-~ lattice. find the primitive vectors. bl, by and b3, of the corresponding reciprocal lattice.

(d) Show that the inter-planar separation of the lattice planes (hkl), satisfies the relation

2w
Gkt

gy =

where Gy is the magmtude of shortest reciprocal Bravais vector normal to the latmce
plane (Rkl}, i. e., tht = hbl + kbz -+ b3

{e) I b = —&-z, by = —;‘3 and b3 = fk:, for the simple cubic crystal system, show that

(jhki = 2'11\/ h? + k2 + 2,

(1+142+4+2=10]



4. {a) Consudermg the spln—— degrees of freedom, the single-electron Hamiltonian can be
written as

=\ 2 . .

= —— (5 - V) . where 0%, (o = z, . z) are the Pauli matrices.

Show thet in prosence of a magnetic ficdd 3 {= V x A) this Hamiltonian can be expressed
as -

1 N LI )

H=— (-—?IﬁV-f-eA) ~fi- B, where = —o—.

2m :

(b) Consider a two dimensional (1, x L,) non-interacting electron system in the presence

of a magnetic field along the 2-direction (B = Bk). Write down the Hamiltonian of

-the moving electron. Obtain the eigenvalues and the degeneracy (D) of the eigenstates

(Landau levels) by solving the Schrédinger’s equation. . ' [3+(2+4+1)=10]

5. (a) Let the energy eigen states of a three-dimensional non-interacting electron system

confined within a rectangular parallelopiped having volume, V = L,L,0,, be Up(F)y =

7 k7 where & = Tota + i+ %A and v, 1y, 71, are integers. By considering the
II

eIectrone obey the Ferm1 Dirac dzstnbutlon function, derive the expression of density of
states, g([2), for this electron system.

(b} By using the Sommerfeld expansion,

e JoF - 2R
fo_f( S AE = P(Ep) + o (ko) (dr,?) .

show that the energy of Fermi level at room temperature 7 can be expressed as

a 2
Er(T) ~ Fp(0) [1 -z (%)

Symbols have their usual meaning.

(¢) Now derive the expression of specific heat at low temperatures, Cy(T) for the three-
dimensional free electron system. And show that Cy(T) & T at low temperatures.

[2¢4+4=10]

6. (a) Derive the expression of energy dispersion relation for the three-dimensional crystal
in tight-binding approximation:

E(r’?] =[4—a—45 Z ﬁ"‘k-'(ﬁf“ﬁ’“),
™m

where R, are the nearest neighbours of [{'. Other symbols have their usual meaning,

(b) Derive the following expressions of dispersion relations in tight-binding approximation
for the FCC erystal, . e.,

k0 foy k,a k.o k.a kot
Be=FEs—a—4~ |cos —— 5 cos——2— +cos‘—;— cos——;L + cos 5 C0 “2’

{c) In the phenomenological description of superconductivity, derive the first and the
second London’s equations. [5+3+2=10]
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Answer any FOUR questions.

(a) Considering the pericdicivy xeqmrement show that the crystals can posses only certain
rotational symmetry. {4}

(b} Explain using a clean diagram as to why base centered cubic lattice doos not exist.

(3]

(c) Prove Braggs law using Ewalds construction. g
(a) Mention the fundamental symmetry elements which lead to the point group symmetry
of the crystals? 2]
(b) What are the proper and improper axes? [1.8]
(c) Draw the stereographic projections of the following point groups

(i).6/mn, (i1). 6, (i) 3. s fa:5]
(d) If in a crystal, a mirror blane is combined perpendicularly to a rotation axis, which
combinations will you obtain? Also prove any ONE equivalence that exists. {2]

(a) If 4 a], (12 and u3 be the primitive vectors of a Bravais lattice, define the primitive
vectors, bl, by and Bs, of the corresponding reciprocal lattice.

(b) If F and G be the Bravais vectors in a direct and the corresponding reciprocal lattices,
respectively, show that €' %'G = 1,

(c) Let & = 2(j+ k), d = a(f+ 7') and &@; = £(7 + 7) be the primitive vectors of a FCC
Iattice. find the primitive vectors. by, by and b3, of the corresponding reciprocal lattice.

(d) Show that the inter-planar separation of the lattice planes (hkl), satisties the relation
27
Gt

dpt =
where Gy, is the magnitude of shortest reciprocal Bravais vector normal to the lattice
plane (Bkl), i. e, G = & By +kby+1 bs.
(&) If &y = ;z, by = —a-j and By = fk:, for the simple cubic crystal system, show that

(7,%1 = %.1 h2 + k2 + 12,

[1+1+2+4+2=10]
4. (a) Consmlermg the spin-1 degrees of freedom, the single-electron Hamiltonian can be
written as
H? =\ 2 . .
H= ™ (5 . V) . where 0®, (& = z, . z) are the Pauli matrices.
m -
Show that in preseuce of a maguetic ficld B (= v x /T) this Hamiltonian can be expressed
a3

= (-mt‘uexi) ~ i B, where 7=———
2m

(b} Consider a two dimensional (1, x Ly) non-interacting electron system in the presence

of a maguetic field along the 2-direction (B = BE). Write down the Hamiltonian of

-the moving electron. Obtain the eigenvalues and the degeneracy (D) of the eigenstates

{Landau levels) by solving the Schrodinger’s equation. [3+(2+4+1)=10]

5. (a) Let the energy eigen states of a three-dimensional non-interacting electron system

confined within a rectangular parallelopiped having volume, Vo= Lelnls, be dp(F) =

# 7 where £ 2’"‘% + M 7+ 3’151\ and ng, 1y, n, are integers. By considering the
1/

electrons obey the Ferml—Dxrac dxstrlbutlon function, derive the expression of density of
states, (L), for this electron system.

(b) By using the Sommerfeld expansion,

=) 07 2 o°F
| 1) 5548 = PlER) + 2 (kg (dr> ,

show that the energy of Fermi level at room temperature 7' can be expressed as

2 2
Br(T) ~ Er(0) [1 -z (7':”;)

Symbols have their usual meaning.

(¢} Now derive the expression of specific heat at low temperatures, Cy(T) for the three-
dimensional free electron system. And show that Cy(T) x T at low temperatures.

[2+4+4=10]

6. (a) Derive the expression of energy dispersion relation for the three-dimensional crystal
in tight-binding approximation:

E(/T) =4 —a—4y }: c’iE'(ﬁf"ﬁ"‘)«
m

where R, are the nearest neighbours of }?4 Other symbols have their usual meaning.

(b) Derive the following expressions of dispersion relations in tight-binding approximation
for the FCC crystal, 4. e.,

kga ky k k k.q ks
By=FEs—a—4~ |cos ~ 5 cos~2—a + cos—"ZE cos——sE + cos—;E cos%u .

{c) In the phenomenological description of superconductivity, derive the first and the
second London’s equations. [5+3+2=10}



