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PhysicsByAaryan Tight binding model - CSIR NET Physics PYQs

Q1. [Dec 2015] . 5.0 marks
Solid State Physics > Tight binding model

CSIR NET 2015 Dec 5M

The dispersion relation of electrons in a 3 -dimensional
lattice in the tight binding approximation is given by,

gk = acos kya + Bcoskya + ycosk,a
where a is the lattice constant and «, 3, y are constants with
dimension of energy. The effective mass tensor at the

corner of the first Brillouin zone (g,g,g) IS
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PhysicsByAaryan Tight binding model - CSIR NET Physics PYQs

Q2. [Dec 2015] . 5.0 marks
Solid State Physics > Tight binding model

CSIR NET 2015 Dec 5M

For an electron moving through a one-dimensional
periodic lattice of periodicity a, which of the
following corresponds to an energy eigenfunction

consistent with Bloch's theorem?
1. P(x) = Aexp ( _j & e0s (?zri)])
2. P(x) =Aexp (i _— T €0’ (zix)])

(i
3. Y(x)=Aexp (1 —+ lCOSh( . )D
4. P(x) = Aexp (l —+i|— ])

a
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PhysicsByAaryan Tight binding model - CSIR NET Physics PYQs

Q3. [Dec 2016] . 5.0 marks
Solid State Physics > Tight binding model

CSIR NET 2016 Dec 5M

Consider a one-dimensional chain of atoms with
lattice constant a. The energy of an electron with
wave-vector k is €(k) = u — ycos(ka), where u and
y are constants. If an electric field E is applied in
the positive x -direction, the time dependent
velocity of an electron IS
(In the following B is the constant)

1. proportional to cos (B — %at)

2.proportionalto E
3.independent of E

4. proportional to sin (B — % at)
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PhysicsByAaryan Tight binding model - CSIR NET Physics PYQs

Q4. [June 2016] . 5.0 marks
Solid State Physics > Tight binding model

CSIR NET 2016 June 5M

The band energy of an electron in a crystal for a
particular k-direction has the form

(k) = A — Bcos2ka, where A and B are positive
constants and 0 < ka < m. The electron has a hole-
like behaviour over the following range of k :

T 3
1.Z<ka<r

T
2.E<ka<7t

3.0<ka<%

T 3
4.E<ka<7
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PhysicsByAaryan Tight binding model - CSIR NET Physics PYQs

Q5. [Dec 2017] . 5.0 marks
Solid State Physics > Tight binding model

CSIR NET 2017 Dec SM

A metallic nanowire of length [ is approximated as
a one-dimensional lattice of N atoms with lattice
spacing a. If the dispersion of electrons in the
lattice is given as E(k) = E, — 2tcos ka, where E,
and t are constants, then the density of states
inside the nanowire depends on E as

t2
E—E,

2 |(55) -1

E-E,
t2
N
% J(26)2—(E—E,)?

1. N3

N

3. N3
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PhysicsByAaryan Tight binding model - CSIR NET Physics PYQs

Q6. [Dec 2018] . 5.0 marks
Solid State Physics > Tight binding model

CSIR NET 2018 Dec SM

The dispersion relation of optical phonons in a
cubic crystal is given by w(k) = wy — ak?® where
wo and a are positive constants. The contribution
to the density of states due to these phonons with
frequencies just below w, is proportional to

1. (wy — w)/?
2. (wg— w)3/?
3. (wg— w)?
4

(wo — w)
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PhysicsByAaryan Tight binding model - CSIR NET Physics PYQs

Q7. [June 2019] . 5.0 marks
Solid State Physics > Tight binding model

CSIR NET 2019 June 5M

Consider an array of atoms in one dimension with
an ensemble averaged periodic density distribution
as shown in the figure.

If k is the wave number and S(k, A) denotes the
Fourier transform of the density-density correlation

. . S(k,A) .
function, the ratio S(k0) IS
1. cos ()

. COS |
A
2. cos? (k—)
2
2 . (kA
3. Esm (7)
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PhysicsByAaryan Tight binding model - CSIR NET Physics PYQs

Q8. [June 2020] . 5.0 marks
Solid State Physics > Tight binding model

CSIR NET 2020 June oM

A tight binding model of electrons in one dimension
has the dispersion relation e(k) = —2t(1 — cos ka),

where t > 0,ais the lattice constant and —g <k< g

Which of the following figures best represents the

density of states over the range % <k< g?
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PhysicsByAaryan Tight binding model - CSIR NET Physics PYQs

Q9. [Dec 2024] . 5.0 marks
Solid State Physics > Tight binding model

CSIR NET 2024 Dec 5M
Consider N mutually non-interacting electrons
moving in a crystal where the ionic potential seen by
an electron satisfies the condition V(7¥) = V(7 + ﬁ),
where R is one of the lattice translation vectors. The
energy eigenstates of the electrons are labelled as
Y (7) where k is a vector in the first Brillouin zone.
Which of the following is true?

1. |z (#)| is constant.

2. 'PE(’F) is also an eigenstate of the momentum

Operator.
3. Yp(F) =Y (F+R)

4. || = [vzF + R)
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PhysicsByAaryan Tight binding model - CSIR NET Physics PYQs

Q10. [June 2024] . 5.0 marks
Solid State Physics > Tight binding model

CSIR NET 2024 June 5M

The band dispersion of electrons in a two-dimensional square
lattice (lattice constant a ) is given by,

E(kx, ky) = —2(txcos kya + t,cos kya)

. % My mxy
where t,, ty > 0. The effective mass tensorm™ =

Myx Myy

of electrons at E = (E,E) is

a a
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PhysicsByAaryan Tight binding model - CSIR NET Physics PYQs

Q11. [Dec 2025] . 5.0 marks
Solid State Physics > Tight binding model

CSIR NET 2025 Dec 5M SSP

In a one-dimensional chain of atoms, the phonon
energy dispersionis given by E = Alsin(ka)|. Here, A
Is a constant, k is avector in the reciprocal space
and a is lattice spacing. The density of states is
proportional to

AZ_EZ

11
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PhysicsByAaryan Tight binding model - CSIR NET Physics PYQs

Q12. [Dec 2025] . 5.0 marks
Solid State Physics > Tight binding model

CSIR NET 2025 Dec 5M SSP

Consider a one-dimensional chain of atoms with
lattice constant a. The energy of an electron with
wave-vector k is e(k) = u — 2ycos(ka), where u and

y are constants. If an electric field Eis applied along
the chain, the time dependent velocity of the
electron is proportional to (assume initial wave
vectork = kyatt =0)

1. sin (koa —EE—at)
2. cos (koa _ & t)
Sin (koa — -‘35_(1 t)

4. cos (koa—@t)
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PhysicsByAaryan Tight binding model - CSIR NET Physics PYQs

Answer Key

12 questions . Subject and topic for quick revision

Q. No Subject Topic Answer
Q1 Solid State Physics Tight binding model 3

Q2 Solid State Physics Tight binding model 2

Q3 Solid State Physics Tight binding model lor4d
Q4 Solid State Physics Tight binding model 1

Q5 Solid State Physics Tight binding model 4

Q6 Solid State Physics Tight binding model 1

Q7 Solid State Physics Tight binding model 3

Q8 Solid State Physics Tight binding model 2

Q9 Solid State Physics Tight binding model 4
Q10 Solid State Physics Tight binding model 3
Q11 Solid State Physics Tight binding model 1
Q12 Solid State Physics Tight binding model 3
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