UG/6th Sem (G) /22 (CBCS)
U.G. 6th Semester Examination 2022

PHYSICS (General)
Paper Code : DSE 4 - A, B, C & D

Full Marks : 32 Time : Two Hours

The figures in the margin indicate full marks.
Candidates are required to give their answers
in their own words as far as practicable.

DSE 4 - A

(Advanced Mathematical Methods - II)

1. Answer any six questions from the following : 2x6=12
(a) What is a metric tensor ?
(b) Prove that the negative gradient of a scaler field is a first rank tensor.
(c) What is Abelian group ?
(d) Show that the identity of a subgroup is same as that of the group.
(e) What is Lie group ? Give one application of it.
() What do you know about SO(3) group ?

(2) Show that the unit element (the identity element) in a group is unique.
() Given ds® =5(dx') +3(dx* ) +4(dx*) — 6adx'dx’ +ddn’dx’.

Find the value of [g ],j
(i) Evaluate o] A .

2. Answer any four questions from the following : 5x4=20

(a) Show that any tensor can be written as the sum of symmetric and anti-symmetric tensors.
Show that the process of contration of an N™-order tensor produces another tensor, of
order N-2. 2+3

[P.T.O.]



(2)
(b) Show that the kinetic energy of a rotating system is given by 7' = %1 #®,0, . Define
vector in the light of tensor. 4+1
(c) Calculate the elements g; of the metric tensor for cylindrical coordinates. Hence find

the square of the infinitesimal arc length (a’s)2 for this coordinate system. 4+1

(d) Write down the expression for Christoffel symbols. Calculate the Christoffel symbols for
spherical coordinates. 3+2

(e) Define the order of an element of a group. Prove that the order of an element of a
group is the same as that of its inverse. 2+3

(f) Show the set of complex numbers 1, i, —1 and —i forms a group of order four under

multiplication. 5
(g) Classify the real connected Abelian Lie group. 5
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DSE 4 - B

(Classical Dynamics )

Answer any six questions of the following : 2x6=12

(a) What is a cyclic coordinate ?

(b) Write down the Lagrange’s equation of motion explaining all the terms.

(c) Write down the Lagrangian for a charge particle moving in an electromagnetic field.

1 /. : : . . .

(d) Lagrangian for a system is L = Em(i’2 +r°0° +r’ sin’ B¢’ ) —V (7). Find out the cyclic
coordinate.

() What is meant by the stable and unstable equilibrium ? Give example of each.

(f) What are the characteristics of a central force ?

(g) Write down the postulates of Einstein’s special theory of relativity.

(h) What are the four components of the velocity four-vector ?

(1) What is inertial and non-inertial reference frames ? Give example of each.

Answer any four questions : 5x4=20

(a) Write down the Lagrangian for a simple harmonic oscillator. From that, derive its equation
of motion. 4+1

(b) Write down the Lagrangian for a particle moving in a central force field. From that,
find out the cyclic coordinate and the conserved quantity. 1+2+2

p’ 1
(c) The Hamiltonian of a system is given by H = Z—e’” +—mw’x’e” . Find out its equation
m

of motion. 5

(d) Write down the Lorentz transformation relations. Under what condition do they transform
to Galilean transformation relation ? 3+2

(e) Consider two inertial reference frames S and S'. The length of an object with respect
to the frame S' is 10 cm. The frame S' is moving with a speed v = 0.8 ¢ (where ¢ =
speed of light) What will be the length of that object with respect to the frame S ?
Explain time-dilation. 2+3

(f) Write down Poiseuille’s equation for the flow of liquid through a capillary tube. What is

Reynolds number ? Write down its significance. 2+1+2

[P.T.O.]



(5)

(g) Distinguish between Newtonian and non-Newtonian fluid. Write down the Poiseuille’s
formula. 3+2
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DSE 4 - C

(Astronomy and Astrophysics)

Answer any six questions : 2x6=12

(a)

(b)
(©
(d)
(©)

The apparent magnitude of the full moon is —12.73 and that of venus is —4.22. Calculate
their brightness ratio.

What are the differences between absorption and emission spectra of stars ?
What are solar flares ? What is the source of energy in solar flares ?
Distinguish between an evolving and a steady-state universe.

What is the resolving power of a 20 m telescope if observation are made at
A=550nm ?

(f) State the importance of cosmic background radiation.
(g) Draw black body radiation curves for an object with mean temperatures T,, T, and T,
respectively, such that T, > T, > T,
(h) State the virial theorem and discuss its importance.
(1) List three common features of terrestrial and jovian planets.
Answer any four questions : 5x4=20
(a) What are cosmic abundances ? The luminosity of a star is 10 times of the luminosity of
the Sun. Calculate the differences in their absolute magnitudes. 2+3
(b) Discuss the nebular model for the formation of the solar system. 5
(c) What is meant by circumpolar star ? Explain when the sun would be circumpolar star
for observers located at the South Pole. 2+3
(d) State Hubble’s law. If the value of the Hubble constant is 70 km S' M PC"!, estimate
the age of the universe. 2+3
(e) What are sunspots ? Why is the temperature of sunspots lower than their surrounding ?
2+3
() Suppose that a supernova explosion takes place at the distance of proxima centuri
(~3PC). If its luminosity equals the luminosity of our galaxy (~ 10 L_). Show that it
would appear as bright as sun. Take the absolute magnitude of sun as 5 and its apparent
magnitude as —27. 5
(g) Draw mass-radius graph for white dwarf stars and discuss the significance of

Chandrasekhar mass limit. 3+2
[P.T.O.]
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DSE 4 - D

(Nano Materials and Applications )

Answer any six questions of the following : 2x6=12
(a) What is the difference between a quantum dot and quantum wire ?
(b) Explain 1D, 2D and 3D nanostructures.
(c) Show that the surface to volume ratio of a nanoparticle is greater than that of the bulk
particle of the same material.
(d) What do you mean by XRD method.
(e) What is CVD method ? Draw the schematic diagram of a graphene lattice structure.
(f) How does the size change affect the optical properties of nanoparticles ?
(2) What is the difference between the quasi-particles and real particles ?
(h) Mention two applications of nanotechnology.
(1) Why are the quantum dots identified as attractive candidates to be applied for LED
devices ?
Answer any four questions : 5x4=20
(@) Why band gap of nanomaterials increases with size reduction ? How does the density
of states (DOS) change with the degree of confinement in low dimensional materials ?
2+3
(b) Discuss the advantages and basic principles of nanosensors ? Discuss about the defects
and impurities in nanostructures. 3+2
(c) What do you mean by the top-down and bottom-up approaches of nanomaterial
synthesis ? Give examples of each case. Compare the two approaches. 2+1+2
(d) Why optical microscope is not suitable for characterization of nanomaterials ? Mention
the differences between resolution and magnification. 2+3
(e) Describe the basic structure of quantum dot LED with suitable disgram. 5
() Explain the Coulomb blockade effect. What conditions must be satisfied for this effect
to be observed ? 3+2
(2) Describe how energy bands are formed in a material ? How one can identity a

conductor, a semiconductor and an insulator from the point of view of the band structure
of the material ? 3+2

[P.T.O.]
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