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Answer all questions in the spaces provided.

1 A particle moves along a straight line through the origin. At time t, the

displacement, s, of the particle from the origin is given by

s ¼ 5t2 þ 3 cos 4t

Find the velocity of the particle at time t. (3 marks)
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2 John is at the top of a cliff, looking out over the sea. He throws a rock, of mass

3 kg, horizontally with a velocity of 4m s�1 .

The rock falls a vertical distance of 51 metres to reach the surface of the sea.

(a) Calculate the kinetic energy of the rock when it is thrown. (2 marks)

(b) Calculate the potential energy lost by the rock when it reaches the surface of the sea.

(2 marks)

(c) (i) Find the kinetic energy of the rock when it reaches the surface of the sea.

(ii) Hence find the speed of the rock when it reaches the surface of the sea. (4 marks)

(d) State one modelling assumption which has been made. (1 mark)
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3 A uniform circular lamina, of radius 4 cm and mass 0.4 kg, has a centre O, and AB is

a diameter. To create a medal, a smaller uniform circular lamina, of radius 2 cm and

mass 0.1 kg, is attached so that the centre of the smaller lamina is at the point A, as

shown in the diagram.

(a) Explain why the centre of mass of the medal is on the line AB . (1 mark)

(b) Find the distance of the centre of mass of the medal from the point B. (3 marks)
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4 A particle has mass 200 kg and moves on a smooth horizontal plane. A single

horizontal force, 400 cos
p
2
t

� �
iþ 600t2 j

� �
newtons, acts on the particle at time

t seconds.

The unit vectors i and j are directed east and north respectively.

(a) Find the acceleration of the particle at time t. (2 marks)

(b) When t ¼ 4 , the velocity of the particle is ð�3iþ 56jÞms�1 .

Find the velocity of the particle at time t. (5 marks)

(c) Find t when the particle is moving due west. (3 marks)

(d) Find the speed of the particle when it is moving due west. (2 marks)
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5 A particle is moving along a straight line. At time t, the velocity of the particle is v.

The acceleration of the particle throughout the motion is � l

v
1
4

, where l is a positive

constant. The velocity of the particle is u when t ¼ 0 .

Find v in terms of u, l and t. (7 marks)
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6 When a car, of mass 1200 kg, travels at a speed of vms�1 , it experiences a

resistance force of magnitude 30v newtons.

The car has a maximum constant speed of 48m s�1 on a straight horizontal road.

(a) Show that the maximum power of the car is 69 120 watts. (2 marks)

(b) The car is travelling along a straight horizontal road.

Find the maximum possible acceleration of the car when it is travelling at a speed of

40m s�1 . (4 marks)

(c) The car starts to descend a hill on a straight road which is inclined at an angle of 3�
to the horizontal. Find the maximum possible constant speed of the car as it travels

on this road down the hill. (7 marks)
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7 A uniform rod AB , of length 4m and mass 6 kg, rests in equilibrium with one end, A,

on smooth horizontal ground. The rod rests on a rough horizontal peg at the point C,

where AC is 3m. The rod is inclined at an angle of 20� to the horizontal.

(a) Draw a diagram to show the forces acting on the rod. (2 marks)

(b) Find the magnitude of the normal reaction force between the rod and the ground.

(3 marks)

(c) (i) Find the normal reaction acting on the rod at C.

(ii) Find the friction force acting on the rod at C. (5 marks)

(d) In this position, the rod is on the point of slipping.

Calculate the coefficient of friction between the rod and the peg. (2 marks)
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8 A particle is attached to one end of a light inextensible string of length 3 metres.

The other end of the string is attached to a fixed point O. The particle is set into

motion horizontally at point P with speed v, so that it describes part of a vertical

circle whose centre is O. The point P is vertically below O.

The particle first comes momentarily to rest at the point Q, where OQ makes an

angle of 15� to the vertical.

(a) Find the value of v. (4 marks)

(b) When the particle is at rest at the point Q, the tension in the string is 22 newtons.

Find the mass of the particle. (3 marks)
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9 A particle, of mass 8 kg, is attached to one end of a length of elastic string. The

particle is placed on a smooth horizontal surface. The other end of the elastic string

is attached to a point O fixed on the horizontal surface.

The elastic string has natural length 1.2m and modulus of elasticity 192N.

The particle is set in motion on the horizontal surface so that it moves in a circle,

centre O, with constant speed 3m s�1 .

Find the radius of the circle. (8 marks)
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There are no questions printed on this page
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