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1.

2

Attempt all parts of this question.

(1)

(i1}

(iii)

(1v)

A body of mass | kg and initial velocity 10 ms™
is sliding on a horizontal surface. If the
coefficient of kinetic friction between the body
and the surface is 0.5, then find the work done
by friction when the body has traversed a

distance of 5 m along the surface. (3)

Consider circular orbits in a central force
potential U{r) = —kr™" where k>0 and 0 <n<2,
If the time period of circular orbit of radius R is
T, and that of radius 2R is T,, find the value of

T,
T

(3)

A nucleus initially at rest decays radioactively
by emitting two particles, an electron with
momentum 1.2 x 1022 kg ms~' and a neutrino at
right angle to the electron with momentum
6.4x10* kg ms ' Find the direction and

momentum ol the receiled nucleus. (3)

Three masses cach of 2kg are situated at the
vertices of an equilateral triangle whose sides
measurc 0.1 m cach. Calculate the moment of

inertia of the system and its radius of gyration
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5.

(i)

(i)

(i)

7

Consider two inertial observers O and O’ moving
with relative speed v with respect to each other.
Their coordinate axes (Cartesian) arc parallel to
cach other, with the x direction being the
direction of relative motion such that observer
O’ 1is observed to move with velocity v along the
positive x direction of observer O. The observers
observe the motion of a particle. Starting with
Lorentz transformations, determine the relation
between the velocity of the particle as measured
by the two observers. (6)

What are space-like, time-like and light-fike
events? In a certain inertial frame, two
firecrackers go off at the samc instant of time,
separated by distance /. Arc these two cvents
spacelike, time-like or light-like? Explain.  (6)

A bug crawls towards the rim with a constant
speed v, along the spoke of a wheel that is
rotating with constant angular velocity » about
a vertical axis. Find all the apparent forces acting
on the bug. Find how far the bug can crawl
before it starts to slip, given that the cocfTicient
of static Iriction between the bug and the spoke

is (6)

A clock 1s observed to move in an inertial {rame

O with velocity v. Two events take place at the

P.T.O.
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(i) A rope of mass M and length L is suspended

from a ceiling as shown in the figure. Find the
tension in the rope as a function of the distance
from the ceiling and hence show that the tension
changes at a constant rate along the length
of the rope. What is the tension in the rope at
the upper end where the rope is fixed to the
ceiling. (6)

L

4/
rope of
mass M
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3.

(1)

(ii)

5

A particle of mass m moves in one dimension
along the positive x axis. It is acted on by a
constant force directed towards the origin with

magnitude B and an inverse square law repulsive

A
force with magnitude 2 Find the potential
energy function U(x) and the equilibrium position
x, of the particle. What is the frequency of small

oscillations about x,? (6)

A particle of mass m and initial velocity 2
collides elastically with a particle of unknown
mass M coming from the opposite direction
as shown in the diagram. After the collision, m

v
has velocity Mo at right angles to the incident

direction, and M moves off in the direction shown

in the figure. Find the ratio M/m. (6)
71 On i M
Belore
M \
e
ST . A
m
wzu_‘m
Alter

P.T.O.



