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1. Two particles, P and O, have masses 3m and m respectively. They are moving in opposite
directions towards each other along the same straight line on a smooth horizontal
plane and collide directly. The speeds of P and O immediately before the collision are
2u and 4u respectively. The magnitude of the impulse received by each particle in the
.. . 2lmu
collision is
(a) Find the speed of P after the collision.
3
(b) Find the speed of Q after the collision.
3
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Question 1 continued

(Total 6 marks)
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P newtons

Figure 1
A particle of mass 2 kg lies on a rough plane. The plane is inclined to the horizontal at 30°.
The coefficient of friction between the particle and the plane is % . The particle is held
in equilibrium by a force of magnitude P newtons. The force makes an angle of 20° with

the horizontal and acts in a vertical plane containing a line of greatest slope of the plane,
as shown in Figure 1. Find the least possible value of P.

(10)
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Question 2 continued
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Question 2 continued
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<1 9m P>
1.5m
<4+—> < 3.5m >
A C P D B
< 3m >
Figure 2

A wooden beam AB, of mass 150 kg and length 9 m, rests in a horizontal position
supported by two vertical ropes. The ropes are attached to the beam at C and D, where
AC=1.5m and BD =3.5 m. A gymnast of mass 60 kg stands on the beam at the point P,
where AP = 3 m, as shown in Figure 2. The beam remains horizontal and in equilibrium.

By modelling the gymnast as a particle, the beam as a uniform rod and the ropes as light
inextensible strings,

(a) find the tension in the rope attached to the beam at C.
3)

The gymnast at P remains on the beam at P and another gymnast, who is also modelled as
a particle, stands on the beam at B. The beam remains horizontal and in equilibrium. The
mass of the gymnast at B is the largest possible for which the beam remains horizontal and
in equilibrium.

(b) Find the tension in the rope attached to the beam at D.
“4)
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Question 3 continued
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Question 3 continued
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4.

A ball of mass 0.2 kg is projected vertically downwards with speed U m s™! from a point
A which is 2.5 m above horizontal ground. The ball hits the ground. Immediately after
hitting the ground, the ball rebounds vertically with a speed of 10 m s!. The ball receives
an impulse of magnitude 7 N's in its impact with the ground. By modelling the ball as a
particle and ignoring air resistance, find

(a) the value of U.
(6)

After hitting the ground, the ball moves vertically upwards and passes through a point B
which is 1 m above the ground.

(b) Find the time between the instant when the ball hits the ground and the instant when
the ball first passes through B.

(C))

(c) Sketch a velocity-time graph for the motion of the ball from when it was projected
from A4 to when it first passes through B. (You need not make any further calculations
to draw this sketch.)

(©))
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Question 4 continued
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Question 4 continued
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A

Figure 3

A lift of mass 250kg is being raised by a vertical cable attached to the top of the lift. A
woman of mass 60kg stands on the horizontal floor inside the lift, as shown in Figure 3.
The lift ascends vertically with constant acceleration 2ms=. There is a constant downwards

resistance of magnitude 100 N on the lift. By modelling the woman as a particle,

(a) find the magnitude of the normal reaction exerted by the floor of the lift on the

woman.

&)

The tension in the cable must not exceed 10 000 N for safety reasons, and the maximum
upward acceleration of the lift is 3ms=. A typical occupant of the lift is modelled as a
particle of mass 75 kg and the cable is modelled as a light inextensible string. There is still

a constant downwards resistance of magnitude 100 N on the lift.

(b) Find the maximum number of typical occupants that can be safely carried in the lift

when it is ascending with an acceleration of 3 m s,

(M

N
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Question 5 continued
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Question 5 continued
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6. [In this question i and j are horizontal unit vectors due east and due north respectively|
Two forces F, and F, act on a particle P of mass 0.5 kg.
F, =(4i-6j)Nand F, = (pi + gj) N.
Given that the resultant force of F, and F, is in the same direction as —2i — j,
(a) show thatp —2g =-16
6
Given that g =3
(b) find the magnitude of the acceleration of P,
)
(c) find the direction of the acceleration of P, giving your answer as a bearing to the
nearest degree.
3
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Question 6 continued
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7.
Figure 4
A particle P of mass 4m is held at rest at the point X on the surface of a rough inclined
plane which is fixed to horizontal ground. The point X is a distance / from the bottom of
the inclined plane. The plane is inclined to the horizontal at an angle a where tan o = %
1
The coefficient of friction between P and the plane is ra The particle P is attached to one
end of a light inextensible string. The string passes over a small smooth pulley which
is fixed at the top of the plane. The other end of the string is attached to a particle O of
mass m which hangs freely at a distance d, where d > h, below the pulley, as shown in
Figure 4.
The string lies in a vertical plane through a line of greatest slope of the inclined plane. The
system is released from rest with the string taut and P moves down the plane.
For the motion of the particles before P hits the ground,
(a) state which of the information given above implies that the magnitudes of the
accelerations of the two particles are the same,

1)
(b) write down an equation of motion for each particle,

(6))
(c) find the acceleration of each particle.

6)
When P hits the ground, it immediately comes to rest. Given that O comes to instantaneous
rest before reaching the pulley,
(d) show that d > &

25 (5)
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Question 7 continued

(Total 16 marks)
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TOTAL FOR PAPER: 75 MARKS
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