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[1] Consider two systems with variable mass

(a) Falling Chain. A chain lies at rest at the edge of a table, except for a piece

which hangs over it, initially at rest. The links of the chain start moving one

at a time; neglect friction.

(b) Sliding rope: A rope of length L slides over the edge of a table. Initially a

piece x0 of it hangs without motion over the side of the table. Let x be the

length of the rope hanging vertically at time t. The rope is assumed to be

perfectly flexible.
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(b) Sliding Rope
 (a) Falling Chain

Without solving any of the two the problems, write a short explanation why the

energy is conserved for the sliding rope but not for falling chain. [10]

[2] For a particle of mass µ moving in a potential

V (r) =
1

2
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λ2

2µr2
.

show that [3+3+4+10]

(a) the motion is bounded for all energies.

(b) angular momentum is conserved.Prove this by using equations of motion.

(c) orbits lie in a plane.

(d) Does there exist a circular orbit for L = 0? Assume L = 0, E = 25
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solve the equations of motion and obtain r, θ as function of time. Describe the

motion that takes place under conditions specified here.

Note: Here µ is the mass, L angular momentum of the pendulum; λ, ω, a are some

positive constants.

[3] (a) Let ǫij be completely antisymmetric tensor with indices i, j taking values 1,2

and A be a 2× 2 matrix. Writing out all terms explicitly verify that

ǫijǫmnAimAjn = 2detA.

(b) Let Sij be symmetric, and Aij be antisymmetric under exchange of indices i, j.

Prove that SijAij = 0.

(c) A rotation takes a vector by an angle α about axis (2,1,2) takes vector A to

new vector A
′. Taking cosα = 3

5
, (0 � α � π/2), find the rotation matrix R,

such that A ′ = RA that relates two vectors.

[5+5+10]

[4] A conical pendulum moves in a circular
path of radius a and string making an an-
gle α with vertical.

(a) Working in the inertial frame, draw
a diagram showing the forces acting
on the pendulum and prove that the
angular frequency ω is given by

ω =

√

g

L cosα

(b) Draw the all forces acting on the
pendulum as seen from the rotating
frame in which the pendulum is at
rest. Is the resultant of all forces is
zero or not? If it is not zero, how do
you explain that the pendulum is at
rest in the rotating frame? Give a
complete answer. [10+10]
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