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Attempt ALL FIVE questions.
Assume any data you think is missing and clearly state your assumption.

Marks for each question are shown within braces.

la) The rated speed of a banked highway curve is the speed at which a vehicle should travel if
no friction force is to be exerted on it sideways. Determine the rated speed of a highway
curve of radius 120 m banked through an 18° angle. (2)

b) Under particularly severe icy conditions the coefficient of static friction between the tyres
of a vehicle and the road falls to 0.15. Between what speed limits must the vehicle be
driven so that it does not slip or skid? (4)

2) A balloon, at rest in still air at a height of 3000 m above the ground, drops a bag of sand
of mass 20 kg in order to lessen its wight and thereby gain altitude. If the bag of sand
experiences atmospheric drag of the form D = O. 008v2 then determine i) the terminal
velocity of the bag, ii) the velocity with which the bag hits the ground, and iii) the time it
takes to reach the ground after being dropp d. (1-1-2+3)

3a) How are conservative forces different
from non-conservative ones? How is the
potential energy of a particle related to
the conservative forces acting on it? (2)

b) The 10 kg block is resting on the hori-
zontal surface when the force T is
applied to it for 7 s. The variation of T
with time is shown. Calculate the maxi-
mum velocity reached by the block and
the total time ttot for which the block is
in motion. The coefficient of friction is
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0.50. (4)

4a) Given that the position vector of a particle in plane polar coordinates IS r = rE r : show
that the velocity and acceleration of the particle are given by:

v = fEr + rrJie
--> ·2 '"
a = (f - rB )Er + (2fB + rB)Ee

where the symbols have their usual meanings. (3)

b) Obtain the equations of motion of a pendulum consisting of a small, heavy, bob of mass m
suspended from an elastic cord of stiffness k and natural length l. (3)
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5) A space vehicle is to change from a circular orbit 0.320 x 106 m above the surface of Venus
to another one that is ].620 X 106 m above this surface. To do this, it fires a booster rocket
to move into an ellit.ical transfer orbit whose apogee just touches the desired circular orbit.
At tho apogee the rocket is fired a second time to attain the desired circular orbit.
a) \iVIIHL is the cccontricity of the transfer orbit? b) How much time docs it Lake [or the
vehicle to go from the smaller to the larger circular orbit? c) 'What are the velocity incre-
ments imparted at each firing?

Civcn: tho radius of Venus is 6.160 X 106 m and the escape velocity from its surface is
1.026 X 104 m/s. (2+2+2)
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