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All questions carry equal marks.

Q[1] is compulsory

Attempt Four more questions

[1] (a) Letωωω be the angular velocity of a frameK rotating relative to a frameK ′, andΩΩΩ

be the angular velocity of frameK ′ w.r.t. K. Which of the following statements

are true and which one are false. No explanation is required.

〈i〉 ΩΩΩ ′ = 0

〈ii〉 ΩΩΩ ′ = −ωωω;

(b) A man is standing in a bus moving with uniform velocity. The driver applies

brakes suddenly. What is the direction in which the man will fall? Forward or

backward?

Explain your answer in terms of forces acting on him in the inertial frame

when the brakes are applied.

(c) Let ~a,~b be two arbitrary numerical vectors and ~L = ~x × ~p be the angular

momentum of a particle. Compute the Poisson brackets.

(a)
{

~L, ~x · ~p
}

PB (b)
{

~a · ~x,~b · ~p
}

PB

[2] Consider motion of a particle of mass m in a spherically symmetric potential

V (r) = −V0

(

3R

r
+

R3

r3

)

.

Here V0, R are some positive constants. If the square of orbital angular momentum

of the particle is given by L2 = 10mV0R
2, plot the effective potential as a function

of r. What should be the energy of the particle so that it may move in a circular

orbit? Find the radius of the stable orbit.

[3] A homogeneous circular cylinder of radius
r, length L and mass m rolls without
slipping inside a rough circular track of
radius R, as shown in Fig.1 Fig. 1

Choose the centre of the track as the origin of axes, with Z- axis pointing vertically

upwards.



(a) Obtain expressions for kinetic energy and angular momentum of the cylinder

in terms of θ̇̇θ̇θ.

(b) If the cylinder is released from rest at point θ = π/2, determine the angular

velocity θ̇̇θ̇θ of the cylinder when in position θ = 0.

[4] A point of rigid body is pivoted in way
that the body can rotate freely about a
horizontal axis passing thorough the point
of suspension. Show that the frequency of
small oscillations is given by

ω2 =
Mgh

Mh2 + I1n2
1
+ I2n2

2
+ I3n2

3

where I1, I2, I3 are principal moments of
inertia about the centre of mass and h is
distance of centre of mass from the point
of suspension.

h

θ

Fig. 2

Also n̂ = (n1, n2, n3) is unit vector along the axis of rotation and the components of

n̂ are taken w.r.t. the principal axes relative to the centre of mass of the body.

[5] Given Hamiltonian H(q, p) =
pβ

β
+ V (q) where β is a constant.

〈i〉 Obtain Hamiltonian equations of motion.

〈ii〉 Show that the Lagrangian of the system is given by

L =
q̇α

α
− V (q)

where α is given by
1

α
+

1

β
= 1

[6] A particle moves under influence of potential V (~r) = V0(x− 2y + 3z)2. where V0 is

a constant.

(a) Find conditions on components of n̂ = (n1, n2, n3) so that rotations about n̂

may be a symmetry transformation.

(b) Find condition(s) on components of vector â = (a1, a2, a3) so that the transfor-

mation

~x → ~x ′ + ǫâ

may be a symmetry transformation for infinitesimal ǫ. Using Noether’s theo-

rem, find the corresponding constant(s) of motion.


