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Answer ALL questions. Write your answers in the spaces provided.

A truck of mass 800kg is moving on a straight road that is inclined at an angle o to the

horizontal, where sina = 0 When the truck is moving up the road at a constant speed
of 12ms™!, the engine of the truck is working at a constant rate of 15kW. The resistance
to the motion of the truck from non-gravitational forces is modelled as a constant force of

magnitude R newtons.

(a) Find the value of R.
“)

The truck now moves down the same road. The resistance to the motion of the truck is
now modelled as a constant force of magnitude SOON. The engine of the truck is again
working at a constant rate of 15kW.

(b) Find the acceleration of the truck at the instant when it is moving at 12ms™.
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Question 1 continued
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A particle P moves along the x-axis. At time ¢ seconds, the acceleration of P is ams™ in
the positive x direction, where

a=8-6t t=>0
When =0, P is at the origin O and is moving with speed 3 ms™ in the positive x direction.
Find
(1) the distance of P from O at the instant when P is instantaneously at rest,

(i1) the total distance travelled by P in the interval 0 < ¢ < 4
(10)
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3. Anparticle P of mass 0.4kg is moving with velocity uims™!, where u is a positive constant.
The particle receives an impulse (3i + 6j) N's. LS

Immediately after receiving the impulse, the speed of P is 2ums . Selete
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B (4kg)

Figure 1

A particle 4 of mass 2kg is attached to one end of a light inextensible string. A particle B
of mass 4kg is attached to the other end of the string. The string passes over a small
smooth pulley. The pulley is fixed at the top of a fixed rough plane, which is inclined to

3
the horizontal at an angle 6, where tan 6 = 7 Initially the particles are held at rest with 4

on the plane, B hanging freely below the pulley and the string taut, as shown in Figure 1.
The part of the string from A to the pulley lies along a line of greatest slope of the plane.

1
The coefficient of friction between A and the plane is 3

At time ¢ = 0, the particles are released from rest, with 4 more than 1.5m from the pulley
and B more than 1.5m above the ground.

At time ¢ = T seconds, the speed of B is vims™ and B is 1.5m below its initial position.

(a) Find the total potential energy lost by the system in the interval 0 < ¢ < T.
3

(b) Find the work done against friction in the interval 0 < ¢ < T.
3)

(c) Use the work-energy principle to find the value of v.
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ka

A uniform rod AB, of weight I and length 8a, rests with one end 4 on rough horizontal
ground. The rod is held in limiting equilibrium at 30° to the horizontal by a light
inextensible string of length ka, where k is a constant. One end of the string is attached to
the rod at C, where AC = ka. The other end of the string is attached to the fixed point D
which is vertically above 4 such that AD = ka, as shown in Figure 2. The string lies in the
vertical plane which contains the rod.

The coefficient of friction between the rod and the ground is 73 .

(a) Show that the tension in the string is 47W

2

(b) Find the value of .
(6)

The magnitude of the force exerted on the rod by the ground at 4 is AW.

(¢) Find the value of 4.
3)
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6. A particle P of mass m is moving in a straight line with speed v on a smooth horizontal
surface. The particle P collides directly with a particle O of mass km which is moving
with speed w, (w < v), along the same straight line and in the same direction as P. The
direction of motion of P is unchanged by the collision and, immediately after the collision,
the speed of P is w and the speed of Q is 2w.
2

The coefficient of restitution between P and Q is 3
(a) Find the value of £.

(6)
When P and Q collide they are at the point 4, which is a distance d from a smooth fixed
vertical wall. The wall is perpendicular to the direction of motion of the particles. After
the collision with P, particle Q hits the wall and rebounds towards P.

. o 1

The coefficient of restitution between Q and the wall is 3
There is a second direct collision between P and Q at the point B.
(b) Find, in terms of d and w, the time taken for P to travel from 4 to B.

)
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A D
6a
B 9a C
Figure 3

The model of the design for a pendant consists of a uniform triangular lamina, ABC, and
two uniform rods 4D and DC, as shown in Figure 3. The rods are in the same plane as the
lamina. The lamina ABC has mass 8M, sides AB = 6a and BC = 9a, and angle ABC = 90°.
The rod AD has mass 2M and length 9a. The rod DC has mass kM and length 6a.

33+ 9%k
(a) Show that the centre of mass of the model is ( 10+ & )a from AB.
“)
The model is suspended from 4 and hangs freely in equilibrium with AC vertical.
(b) Find the value of k.
)
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8.
Q 50m B
Figure 4
A small ball is thrown from the point 4 with speed ums™ at an angle ° above the
horizontal. The point 4 is vertically above the point O, which is on horizontal ground,
such that 4O 1s 15m.
The ball takes 3 seconds to travel from A4 to B, where B is on the ground and OB = 50m,
as shown in Figure 4. By modelling the motion of the ball as that of a particle moving
freely under gravity,
find
(a) (i) the value of 6,
(i) the value of u,
()
(b) the speed of the ball as it hits the ground at B,
3)
(c) the direction of motion of the ball as it hits the ground at B.
(2)
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Question 8 continued
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