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Three forces F, F, and F, act on a particle P.
F, = (2i + 3aj) N; F, = (2ai + bj) N; F, = (bi + 4j) N.
The particle P is in equilibrium under the action of these forces.

Find the value of a and the value of b.
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Particle 4 of mass 2m and particle B of mass km, where k is a positive constant, are
moving towards each other in opposite directions along the same straight line on a smooth
horizontal plane. The particles collide directly. Immediately before the collision the speed
of 4 1s u and the speed of B is 3u. The direction of motion of each particle is reversed by

the collision. Immediately after the collision the speed of 4 is %u

(a) Show that £ < 1

(6)

(b) Find, in terms of m and u, the magnitude of the impulse exerted on B by 4 in the
collision.

(©))
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Question 2 continued
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Figure 1

A particle P of mass 2 kg is pushed by a constant horizontal force of magnitude 30 N
up a line of greatest slope of a rough plane. The plane is inclined to the horizontal

3 - . . .
at an angle a, where tan a = 7 as shown in Figure 1. The line of action of the force lies

in the vertical plane containing P and the line of greatest slope of the plane. The particle P
starts from rest. The coefficient of friction between P and the plane is u. After 2 seconds,
P has travelled a distance of 5.5 m up the plane.

(a) Find the acceleration of P up the plane.
2

(b) Find the value of u.
®)
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4. A small stone is released from rest from a point 4 which is at height 4 metres
above horizontal ground. Exactly one second later another small stone is projected
with speed 19.6 m s! vertically downwards from a point B, which is also at height
h metres above the horizontal ground. The motion of each stone is modelled as that of
a particle moving freely under gravity. The two stones hit the ground at the same time.
Find the value of 4.
(7
J
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A car travelling along a straight horizontal road takes 170s to travel between two sets of
traffic lights at 4 and B which are 2125m apart. The car starts from rest at 4 and moves
with constant acceleration until it reaches a speed of 17ms™'. The car then maintains this
speed before moving with constant deceleration, coming to rest at B. The magnitude of
the deceleration is twice the magnitude of the acceleration.

(a) Sketch, in the space below, a speed-time graph for the motion of the car between 4
and B.
(©))

(b) Find the deceleration of the car.
(7
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Figure 2

A plank 4B has length 4 m and mass 6 kg. The plank rests in a horizontal position on
two supports, one at B and one at C, where AC = 1.5 m. A load of mass 15 kg is placed
on the plank at the point X, as shown in Figure 2, and the plank remains horizontal and in
equilibrium. The plank is modelled as a uniform rod and the load is modelled as a particle.
The magnitude of the reaction on the plank at C is twice the magnitude of the reaction on
the plank at B.

(a) Find the magnitude of the reaction on the plank at C.
3)

(b) Find the distance 4X.
)

The load is now moved along the plank to a point Y, between 4 and C. Given that the
plank is on the point of tipping about C,

(c) find the distance AY.
“4)
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A particle P moves from point 4 to point B with constant acceleration (ci + dj) m s72,
where ¢ and d are positive constants. The velocity of P at 4 is (—3i — 3j) m s™! and the
velocity of P at B is (2i + 9j) m s!. The magnitude of the acceleration of P is 2.6 m s72.

Find the value of ¢ and the value of d.

(©))
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P (m)

@ 0 um)

Figure 3

Two particles P and Q have masses m and 4m respectively. The particles are attached to
the ends of a light inextensible string. Particle P is held at rest on a rough horizontal table.
The string lies along the table and passes over a small smooth light pulley which is fixed
at the edge of the table. Particle O hangs at rest vertically below the pulley, at a height 4
above a horizontal plane, as shown in Figure 3. The coefficient of friction between P and
the table is 0.5. Particle P is released from rest with the string taut and slides along the
table.

(a) Find, in terms of mg, the tension in the string while both particles are moving.

®)
The particle P does not reach the pulley before Q hits the plane.

(b) Show that the speed of O immediately before it hits the plane is /1.4gh
2

When Q hits the plane, Q does not rebound and P continues to slide along the table.
Given that P comes to rest before it reaches the pulley,

(c) show that the total length of the string must be greater than 2.4A
(6)
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(Total 16 marks) |
TOTAL FOR PAPER: 75 MARKS
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