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1

A small sphere of mass 0.2 kg is free to move on a smooth horizontal surface. The sphere is projected
directly towards a vertical wall with a speed of 5 m s−1 (see diagram). The coefficient of restitution
between the sphere and the wall is 1

2
.

(i) Write down the speed of the sphere after the impact with the wall. [1]

(ii) Find the magnitude and direction of the impulse which the wall exerts on the sphere. [3]

2

A uniform solid cone has mass 0.5 kg, height 0.8 m and base diameter 0.6 m. A uniform solid cylinder
has mass 0.7 kg, length 0.8 m and diameter 0.6 m. The cone is attached to the cylinder, with the
circumference of its base coinciding with one end of the cylinder (see Fig. 1).

(i) Show that the distance of the centre of mass of the combined object from the vertex of the cone
is 0.95 m. [4]

(ii)

The combined object is placed on an inclined plane (see Fig. 2 for a diagram of the cross-section).
The surface of the plane is rough enough to prevent slipping. Given that the object is about to
topple, calculate the angle which the plane makes with the horizontal. [2]
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3 A motorcycle and its rider have a total mass of 350 kg. The maximum power of the motorcycle is
20 kW and its maximum speed on a horizontal road is 40ms−1. The total resistance to motion of the
motorcycle and rider has magnitudekv2 newtons, wherevms−1 is the speed of the motorcycle.

(i) Show thatk = 5
16 ]3[.

(ii) Find the acceleration of the motorcycle when it is moving at 30ms−1 on a horizontal road, with
]3[.etarmumixamstitagnikrowenigneeht

4

A box of mass 50 kg is dragged up a slope by a man who exerts a constant force of magnitude 400N at
an angle of 30� above the slope. The slope is inclined at 20� to the horizontal and the total resistance
to motion of the box isR N (see diagram). The box is dragged from rest at a pointO and passes a
pointP , 25m fromO, with a speed of 2m s−1.

(i) Calculate the work done by the 400N force in dragging the box fromO toP . [2]

(ii) By considering the increase in kinetic and potential energies of the box and the work done by the
400N force, �nd the value ofR ]5[.

5

A car of mass 500 kg moves in a horizontal circular path of radius 60m around a bend that is banked
at an angle of 15� to the horizontal (see diagram).

(i) In a model of this motion the surface of the road is smooth. The car does not slip up or down the
slope.

(a) Find the magnitude of the normal reaction force exerted on the car by the road. [2]

(b) ]3[.racehtfodeepsehtetaluclaC

(ii) In an improved model, the surface of the road is rough and the coef�cient o� riction is3
7. The

car travels round the bend as fast as possible without slipping up the slope.

(a) Find the magnitude of the normal reaction force exerted on the car by the road. [3]

(b) ]3[.racehtfodeepsehtetaluclaC
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6

Two small spheres are projected simultaneously from points d metres apart on horizontal ground.
Each sphere has an initial velocity of 14 m s−1 at an angle of 60◦ above the horizontal. The spheres
move freely under gravity in the same vertical plane and collide with each other at the instant when
they are travelling horizontally (see diagram).

(i) Calculate the height above the ground of the point of collision. [2]

(ii) Find d. [4]

The spheres have equal mass and the coefficient of restitution between them is 4
7
.

(iii) Calculate the speed and direction of motion of one of the spheres when it hits the ground. [7]

7 A uniform ladder of mass 20 kg and length 5 m rests against a smooth vertical wall with its lower end
resting on rough horizontal ground. The coefficient of friction between the ladder and the ground is 2

5
.

The ladder is inclined at 60◦ to the horizontal.

(i) Find the normal reaction forces at the ground and the wall. [4]

(ii) Find the frictional force at the ground. Hence show that the ladder is not in danger of slipping.
[2]

A man of mass 80 kg steps on to the bottom of the ladder.

(iii) Find how far the man can climb up the ladder before it slips. [7]
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