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

1. A car of mass 700kg is moving along a straight horizontal road. At the instant when the
speed of the car is vims™, the resistance to the motion of the car is modelled as a force of
magnitude (200 + 10v)N.

The engine of the car is working at a constant rate of 12kW.
At the instant when the speed of the car is wms™, the acceleration of the car is 0.6 ms™

Find the value of w.
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2. A particle P of mass 2kg is moving in a straight line on a smooth horizontal surface.

When the speed of P is 3ms™!, P receives an impulse I N.

Immediately after receiving the impulse, the speed of P is 9ms™'. As a result of the
impulse, the direction of motion of P is deflected through an angle of 45°.

Find (i) the magnitude of I N,

(i1) the size of the angle between the direction of I Ns and the direction of motion
of P immediately before P receives the impulse.
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Figure 1

A smooth uniform sphere 4 has mass 3m. Another smooth uniform sphere B, with the
same radius as 4, has mass 2m.

The spheres are moving on a smooth horizontal surface when they collide obliquely.
Immediately before the collision

» the speed of 4 is 2u and the speed of B is 3u

* sphere 4 is moving at 45° to the line of centres

* sphere B is moving at 30° to the line of centres

Immediately after the collision

* the speed of Bisv

» sphere B is moving at #° to the line of centres as shown in Figure 1.

The coefficient of restitution between A4 and B is e.

Given that the direction of motion of 4 is deflected through 90° by the collision,
(a) find (1) vinterms of u

(i1) the value of 6
(6)

(b) Find the value of e.
3)
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Question 3 continued
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Figure 2

A boy cycles along a cycle route. The route passes through two points 4 and B. The boy
descends from 4, cycles along horizontal ground and then ascends to B. The point A4 is
15 m above the horizontal ground and the point B is 9m above the horizontal ground.

At the instant the boy passes point 4, his speed is Sms™.
At the instant the boy passes point B, his speed is 7ms™, as shown in Figure 2.

The distance from A to B along the cycle route is 800m. The resistance to the motion
of the boy and his cycle from non-gravitational forces is modelled as a force of constant
magnitude 12N. The total mass of the boy and his cycle is 75 kg.

(a) Find the work done by the boy as he cycles from A4 to B.

(3)
At the instant the boy passes point B, he is moving horizontally, working at a rate of
140 W and accelerating at Ams™.
(b) Find the value of k.

3)
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5.

[In this question i and j are perpendicular unit vectors in a horizontal plane.]

A small ball of mass 1.5kg is moving on a horizontal plane when it strikes a fixed
smooth vertical wall. Immediately before the impact the velocity of the ball is 8ims™.
Immediately after the impact the velocity of the ball is A(i + 2j)ms™!, where 4 is a
positive constant.

The coefficient of restitution between the ball and the wall is e.
The kinetic energy lost by the ball when it strikes the wall is 33 J.

(a) Find the impulse received by the ball when it strikes the wall.

(b) Find the value of e.

)

(6)
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Question 5 continued
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Question 5 continued
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Figure 3
[In this question, use g = 10ms?]

A light elastic string has natural length a metres and modulus of elasticity 4 newtons.
A particle P of mass 2kg is attached to one end of the string. The other end of the string
is attached to a fixed point 4 on a rough inclined plane. The plane is inclined at angle

to the horizontal, where tan 0 = 1

The point B on the plane lies below 4 on the line of greatest slope of the plane through 4
and 4B = 3a metres, as shown in Figure 3.

The particle P is held at B and then released from rest. The particle first comes to
instantaneous rest at 4.

The coefficient of friction between P and the plane is 1

(a) Show that 1 =24

(3)
(b) Find the magnitude of the acceleration of P at the instant it is released from B.
(3)
(c) Explain why the answer to part (b) is the greatest value of the magnitude of the
acceleration of P as P moves from B to 4.
1)

16

S 6 39 2 6 A 01 6 2 8

VIHY SIHLNEILIIM LTONOG V3dY SIHL NI 31IIM LON Oa

VISV SIHENEI LM ION O



=

=

=

=

(5]

o

=]

o

=

7]

=
OO, I I O EEIICELIICEANR
R R R R R R R R R R IRRIRES R IRIIIRIRILREICIILIRIEHIEE 2 LRI
[Catetesesesesosesotetetets ;. % 3 KK SELRHLLRS R RIS N Fa H ; RRRRRLILLLLLLS:
x X x x ¢ J ! J X X X XXX R RIIIILLLL K N SRRRRIIIIILLES:
R R R S o o o S IIIRRRRK: oo esesasatesetetetetotetorators O OO esesesesesesetetetet
R R RRRRIRLRRRLRRRL KKK RLRIRLRKZLRILLRILLRRLLRILLRKZLRKEK: RRRRRISELLLRRRRSES LR

17
Turn over »

1.7 2 8

S 6 3 9 2 6 A O



7

Question 6 continued
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Question 6 continued

(Total for Question 6 is 11 marks)
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[In this question i and j are perpendicular unit vectors in a horizontal plane.]

Figure 4

Figure 4 represents the plan view of part of a horizontal floor, where 48 and BC are fixed
vertical walls. The floor and the walls are modelled as being smooth.

— —
The vector AB is in the direction of i. The vector BC is in the direction of (i + j).

A ball is projected along the floor towards the wall AB so that, immediately before hitting
the wall 4B, the velocity of the ball is (3i — 4j)ms™". The ball hits the wall 4B and then

hits the wall BC. The coefficient of restitution between the ball and each wall is %
Immediately after hitting the wall BC, the velocity of the ball is vms™.

By modelling the ball as a particle,

(a) find v in the form (ai + bj).

®
The total angle through which the path of the ball has been deflected as a result of the
two collisions is 6°
(b) Find the value of 6 to the nearest whole number.

3)
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Question 7 continued
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8. Two particles, 4 and B, have masses 2m and 3m respectively. The particles are moving

in the same direction along the same straight line on a smooth horizontal surface when
they collide directly. Immediately after the collision, the speed of 4 is u, the speed of B

.8 . o o
1s 3 u and the particles are both moving in the same direction.

After the collision with A4, particle B hits a fixed smooth vertical wall which is
perpendicular to the direction of motion of B. Particle B rebounds from the wall so that
there is a second collision between 4 and B.

The first collision between 4 and B occurs at a distance d from the wall. The second
collision between 4 and B occurs at a distance x from the wall.

) ) L. o1
Given that the coefficient of restitution between B and the wall is E

(a) find x in terms of d.

)
. . o . 1
Given also that the coefficient of restitution between the particles is 3

(b) show that there will not be a third collision between A4 and B.
)
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Question 8 continued
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Question 8 continued
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Question 8 continued
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Question 8 continued

(Total for Question 8 is 14 marks)

TOTAL FOR PAPER IS 75 MARKS
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