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1. A wooden ball of mass 0.01 kg falls vertically into a pond of water. The speed of the ball as it enters
the water is 10ms™. When the ball is x metres below the surface of the water and moving
downwards with speed v ms™', the water provides a resistance of magnitude 0.02v*N and an
upward buoyancy force of magnitude 0.158 N.

(a) Show that, while the ball is moving downwards,

-2 -6= vg‘i :
3
(b) Hence find, to 3 significant figures, the greatest distance below the surface of the water reached
by the ball.
)
2. Figure 1
B
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A man, who rows at a speed v through still water, rows across a river which flows at a speed v. The
man sets off from the point 4 on one bank and wishes to land at the point B on the opposite bank,
where 4B is perpendicular to both banks, as shown in Fig. 1.

(a) Show thaf, for this to be possible, v > u.
3)

Given that v <y and that he rows from A4 so as to reach a point C, on the opposite bank, which is as
close to B as possible,

(b) find, in terms of » and v, the ratio of BC to the width of the river.
%
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3. A man walks due north at a constant speed # and the wind seems to him to be blowing from the
direction 30° east of north. On his return journey, when he is walking at the same speed # due
south, the wind seems to him to be blowing from the direction 30° south of east. Assuming that the
velocity, w, of the wind relative to the earth is constant, find

(i) the magnitude of w, in terms of u,

(i1) the direction of w.

®

4. Figure 2

A uniform rod 4B, of length 2a and mass 8m, is free to rotate in a vertical plane about a fixed
smooth horizontal axis through 4. One end of a light elastic string, of natural length @ and modulus
of elasticity mg, is fixed to B. The other end of the string is attached to a small ring which is free
to slide on a smooth straight horizontal wire which is fixed in the same vertical plane as 4B at a
height 7a vertically above 4. The rod 4B makes an angle 6 with the upward vertical at 4, as shown
in Fig. 2.

(a) Show that the potential energy V of the system is given by

V =3%mga(cos? 0 —cos )+ constant.

(6
(b) Hence find the values of 6, 0 < 0 < &, for which the system is in equilibrium.

)
(c) Determine the nature of these positions of equilibrium.

4)
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5. A light elastic string, of natural length 2a and modulus of elasticity mg, has a particle P of mass m
attached to its mid-point. One end of the string is attached to a fixed point 4 and the other end 1s
attached to a fixed point B which is at a distance 4a vertically below 4.

(a) Show that P hangs in equilibrium at the point £ where AE = a.
(5)

The particle P is held at a distance 3a vertically below 4 and is released from rest at time #=0.

When the speed of the particle is v, there is a resistance to motion of magnitude 2mkv, where

k= \/(—‘g] - At time ¢ the particle is at a distance (3a+x) from 4.

(b) Show that
2
X ok Y ake=o.
dr? dr

)

(c) Hence find x in terms of 7.

)
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6. ' Figure 3
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A small smooth uniform sphere .S is at rest on a smooth horizontal floor at a distance d from a
straight vertical wall. An identical sphere 7 is projected along the floor with speed U towards .S and
in a direction which is perpendicular to the wall. At the instant when 7 strikes S the line joining their
centres makes an angle o with the wall, as shown in Fig. 3.

Each sphere is modelled as having negligible diameter in comparison with d. The coefficient of
restitution between the spheres is e.

(a) Show that the components of the velocity of T after the impact, parallel and perpendicular to
the line of centres, are +U (1 ~e)sina and Ucos « respectively.

)

(b) Show that the components of the velocity of T after the impact, parallel and perpendicular to
the wall, are $U(l1+e)cosasina and LURR—-(1+e) sin? ] respectively.

©6)
The spheres S and 7 strike the wall at the points 4 and B respectively.
Given that e=2 and tanor =2,
(¢) find, in terms of d, the distance 4B.
)

END
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