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Answer all questions in the spaces provided.

1 A tank containing a liquid has a small hole in the bottom through which the liquid

escapes. The speed, ums�1 , at which the liquid escapes is given by

u ¼ CVrg

where V m3 is the volume of the liquid in the tank, r kgm�3 is the density of the

liquid, g is the acceleration due to gravity and C is a constant.

By using dimensional analysis, find the dimensions of C. (5 marks)
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2 A projectile is fired from a point O on top of a hill with initial velocity 80m s�1 at

an angle y above the horizontal and moves in a vertical plane. The horizontal and

upward vertical distances of the projectile from O are x metres and y metres

respectively.

(a) (i) Show that, during the flight, the equation of the trajectory of the projectile is given

by

y ¼ x tan y � gx2

12 800
ð1þ tan2 yÞ (5 marks)

(ii) The projectile hits a target A, which is 20m vertically below O and 400m

horizontally from O.

Show that

49 tan2 y � 160 tan y þ 41 ¼ 0 (2 marks)

(b) (i) Find the two possible values of y . Give your answers to the nearest 0.1�. (3 marks)

(ii) Hence find the shortest possible time of the flight of the projectile from O to A.

(2 marks)

(c) State a necessary modelling assumption for answering part (a)(i). (1 mark)
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3 Three smooth spheres, A, B and C, of equal radii have masses 1 kg, 3 kg and x kg

respectively. The spheres lie at rest in a straight line on a smooth horizontal surface

with B between A and C. The sphere A is projected with speed 3u directly towards

B and collides with it.

The coefficient of restitution between each pair of spheres is
1
3
.

(a) Show that A is brought to rest by the impact and find the speed of B immediately

after the collision in terms of u. (6 marks)

(b) Subsequently, B collides with C.

Show that the speed of C immediately after the collision is
4u

3þ x
.

Find the speed of B immediately after the collision in terms of u and x. (6 marks)

(c) Show that B will collide with A again if x > 9 . (2 marks)

(d) Given that x ¼ 5 , find the magnitude of the impulse exerted on C by B in terms

of u. (2 marks)
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4 The unit vectors i, j and k are directed east, north and vertically upwards

respectively.

At time t ¼ 0 , the position vectors of two small aeroplanes, A and B, relative to a

fixed origin O are ð�60iþ 30kÞ km and ð�40iþ 10j� 10kÞ km respectively.

The aeroplane A is flying with constant velocity ð250iþ 50j� 100kÞ kmh�1 and the

aeroplane B is flying with constant velocity ð200iþ 25jþ 50kÞ kmh�1 .

(a) Write down the position vectors of A and B at time t hours. (3 marks)

(b) Show that the position vector of A relative to B at time t hours is

ðð�20þ 50tÞiþ ð�10þ 25tÞjþ ð40� 150tÞkÞ km. (2 marks)

(c) Show that A and B do not collide. (4 marks)

(d) Find the value of t when A and B are closest together. (6 marks)
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5 A smooth sphere is moving on a smooth horizontal surface when it strikes a smooth

vertical wall and rebounds.

Immediately before the impact, the sphere is moving with speed 4m s�1 and the

angle between the sphere’s direction of motion and the wall is a .

Immediately after the impact, the sphere is moving with speed vms�1 and the angle

between the sphere’s direction of motion and the wall is 40�.

The coefficient of restitution between the sphere and the wall is
2
3
.

(a) Show that tan a ¼ 3
2
tan 40�. (3 marks)

(b) Find the value of v. (3 marks)
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6 Two smooth spheres, A and B, have equal radii and masses 1 kg and 2 kg

respectively.

The sphere A is moving with velocity ð2iþ 3jÞms�1 and the sphere B is moving

with velocity ð�i� 2jÞms�1 on the same smooth horizontal surface.

The spheres collide when their line of centres is parallel to the unit vector i, as

shown in the diagram.

(a) Briefly state why the components of the velocities of A and B parallel to the unit

vector j are not changed by the collision. (1 mark)

(b) The coefficient of restitution between the spheres is 0.5 .

Find the velocities of A and B immediately after the collision. (6 marks)
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7 A ball is projected from a point O on a smooth plane which is inclined at an angle of

35� above the horizontal. The ball is projected with velocity 20m s�1 at an angle

of 30� above the plane, as shown in the diagram. The motion of the ball is in a

vertical plane containing a line of greatest slope of the inclined plane. The ball

strikes the inclined plane at the point A.

(a) Find the components of the velocity of the ball, parallel and perpendicular to the

plane, as it strikes the inclined plane at A. (7 marks)

(b) On striking the plane at A, the ball rebounds. The coefficient of restitution between

the plane and the ball is
4
5
.

Show that the ball next strikes the plane at a point lower down than A. (6 marks)
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