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PHYSICS [Programme]
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CourseTitle:  Advanced Mathematical Physics
OR
Classical Dynamics
Full Marks : 40

The figures in the right-hand margin indicate marks.
Candidates are required to give their answers in their

Time : 2 Hours

own words as far as practicable.
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(Advanced Mathematical Physics)
SECTION-I

1. Answer any five of the following questions:
2x5=10
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a) What is mathematical contraction? What are

addition and subtraction of two tensors?
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b)

d)
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How can you associate vector with anti-symmetric

tensor of order 2?
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What do you mean by Completeness? What are

Symmetric and Antisymmetric tensors?
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Explain scalar triple product and vector triple
product of three vectors with at least two

properties of each.
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What is Binomial distribution of Probability?
Give one advantage of it over Gaussian

distribution.
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Find the probability of drawing two aces in

succession from a pack of 52 cards.
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g)

h)

What do you mean by mean deviation and variance

for a number of statistical data?
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What do you mean by kernel of a function?
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SECTION-II

Answer any four of the following questions:

5x4=20
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2.
a)
b)
677/Phs.

What is 'Strain tensor' (eij)? Show that, in case of
a homogeneous strain, if a sphere is strained to
an ellipsoid, the volume strain is given by
A= Z; ¢;. What do you mean by Minkowski
Space? 1+3+1
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What do you mean by Homomorphism and
Isomorphism of vector spaces? Define subgroup
and what do you mean by Normal and Conjugate

subgroups? 2+3
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d)
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What is Poisson distribution of Probability? What
is the probability for the random choice of ‘Leap

year’ having at least 53 Sundays? 2+3
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What do you mean by Conditional Probability and
Joint Probability? What are Discrete Probability
Distribution and Continuous Probability
Distribution? 2+3
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What do you mean by Linear Transformation?
Why it is called 'Linear'? Consider two matrices
(2, -3) and (1, 1) which are transformed into
another two matrices (4, 5) and (3, 1)
respectively. Find the corresponding matrix for

matrix transformation. 2+3
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If the probability of a bad reaction from a

medicine is 0.001, determine the change that out

of 2000 individuals more than two will get a bad

reaction.
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SECTION-III

3.  Answer any one of the following questions:

10x1=10
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a)
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i)

—m T

m

. .. . €
For Poisson’s distribution p(r)=

2

r!
show that Standard Deviation of Poisson’s

distribution is ¢ = \/E .
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What is Recurrence Formula for Binomial
distribution? Show that Poisson’s
distribution can be taken as a limiting case

of Binomial distribution.
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b)
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iif)

iif)

Assuming a Binomial distribution, find the
probability of obtaining at least two 'six' in

rolling a fair die 4 times. 3+(1+2)+4
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What is Metric Tensor? What do you mean
by Alternating Tensor? Find the form of it

in terms of Kronecker Delta’s.
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What is Moment of Inertia Tensor in rigid

body rotation? What are product of inertias?
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What do you mean by Invariant Tensors?
Write down Divergence and Curl of Tensor
Fields. (I+1+2)+(1+D)+(1+3)
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Answer any five questions:

(Classical Dynamics)
SECTION-I
2x5=10
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a)

b)

g)
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Explain degrees of freedom for a system of
particles.
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What is Reynold's number? Explain with
equation.

T Fe 57 AANFHPTR 1T FCAl |

Show that velocity dependent forces are non-
conservative forces.
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What do you mean by Generalized Force?
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What is Coriolis force?
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What are the importance of Navier-Stokes
equation?
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Differentiate between the ideal fluid and real
fluid.
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h)

Answer any four questions:

Two photons approach each other. What is their
relative velocity?
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SECTION-1I

5%x4=20
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2.
a)
b)
677/Phs.

Find the pseudo-force acting on a particle of
mass m moving in a plane in polar coordinate

system. 5
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The potential energy of a particle is given by:
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Find the points of stable and unstable equilibrium.
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Explain the terms:
1)  normal frequencies
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1) normal modes of vibrations. 3+2
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d)
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Two [ -particles move in opposite direction with
velocity 0.6¢ in the laboratory reference frame.
Calculate the velocity of one [ -particle in the
moving reference frame attached to the other
applying

B -particle by relativistic

transformation.
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Derive Lagrange equation for a syetem of

particles. 5
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What do you understand by stable and unstable
equilibrium? Obtain the Lagrange's equation of
motion for small oscillations of a system in the
neighourhood of stable equilibrium. 2+3
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Find the Hamilton's equation of motion and find
the acceleration of the mass system for the
Atwood's machine. 3+2
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3. Answer any one question:

SECTION-IIT
10x1=10
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a)

b)

677/Phs.

i)

iii)

Obtain the relation between generalized
displacement and generalized force.
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What are the differences between
Newtonian approach and Lagrangian

approach in dynamics?
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Derive the Hamilton's equation of motion
for a particle, falling freely from rest under
gravity. 6+2+2
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In a dynamical system of a particle having
rest mass m, moving with a velocity v (v
may be comparable with the velocity of
light ¢). Show that, the relativistic mass m

of the particle can be expressed as:
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2

m=m0[ l_v_zj :
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Calculate relativistic lengths of a one meter
rod situated in a frame of reference which
is moving with a velocity 0.9c in the

direction:

A) perpendicular to its length

B) parallel to its length and

C) at an angle 30° with its length.

Here ¢ is the velocity of light.
6+(1+1+2)
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