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1 Afootball is kicked from horizontal ground with speed
20ms~1 at an angle of 6° above the horizontal. The
greatest height the football reaches above ground
level is 2.44 m. By modelling the football as a particle
and ignoring air resistance, find

(i) the value of 6, [2]

(ii) the range of the football. [2]

2 A uniform solid cylinder of height 12cm and radius
rcm is in equilibrium on a rough inclined plane with
one of its circular faces in contact with the plane.

(i) The cylinder is on the point of toppling when the
angle of inclination of the plane to the horizontal
is 21°. Find r. [3]

The cylinder is now placed on a different inclined
plane with one of its circular faces in contact with
the plane. This plane is also inclined at 21° to the
horizontal. The coefficient of friction between this
plane and the cylinder is u.

(i) The cylinder slides down this plane but does not
topple. Find an inequality for u. [2]



3 Look at the following diagram.
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A uniform lamina ABCDE consists of a rectangle
ABDE and an isosceles triangle BCD joined along
their common edge. AB=DE =8cm, AE=BD =10cm
and BC = CD =13cm (see diagram above).

(i) Find the distance of the centre of mass of the
lamina from AE. [5]

(ii) The lamina is freely suspended from B and hangs
in equilibrium. Calculate the angle that BD makes
with the vertical. [3]



4 Look at the following diagram.
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A uniform rod PQ has weight 18 N and length 20 cm.
The end P rests against a rough vertical wall. A
particle of weight 3N is attached to the rod at a point
6cm from P. The rod is held in a horizontal position,
perpendicular to the wall, by a light inextensible string
attached to the rod at Q and to a point R on the wall
vertically above P, as shown in the diagram above.
The string is inclined at an angle O to the horizontal,

where sin O = % The system is in limiting equilibrium.
(i) Find the tension in the string. [3]

(ii) Find the magnitude of the force exerted by the
wall on the rod. [4]

(iii) Find the coefficient of friction between the wall
and the rod. [2]



5

(i) A car of mass 800kg is moving at a constant
speed of 20ms™~1 on a straight road down a hill
inclined at an angle o to the horizontal. The
engine of the car works at a constant rate of 10 kW
and there is a resistance to motion of 1300 N.

Show that sin o = 5. [4]

(if) The car now travels up the same hill and its
engine now works at a constant rate of 20 kW.
The resistance to motion remains 1300N. The car
starts from rest and its speed is 8ms™~1 after it has
travelled a distance of 22.1 m. Calculate the time
taken by the car to travel this distance. [5]

Two small spheres A and B, of masses 2mkg and
3mkg respectively, are moving in opposite directions
along the same straight line towards each other on a
smooth horizontal surface. A has speed 4ms~1and B
has speed 2ms™1 before they collide. The coefficient
of restitution between A and B is 0.4.

(i) Find the speed of each sphere after the collision. [6]

(if) Find, in terms of m, the loss of kinetic energy
during the collision. [4]

(ifi) Given that the magnitude of the impulse exerted on
A by B during the collision is 2.52Ns, find m. [3]



7 Look at the following diagram.

P

A small smooth ring P of mass 0.4kg is threaded onto
a light inextensible string fixed at A and B as shown
in the diagram above, with A vertically above B. The
string is inclined to the vertical at angles of 30° and
45° at A and B respectively. P moves in a horizontal
circle of radius 0.5m about a point C vertically

below B.

(i) Calculate the tension in the string. [3]

(if) Calculate the speed of P. [3]

The end of the string at B is moved so both ends of
the string are now fixed at A.

(itfi) Show that, when the string is taut, AP is now
0.854 m correct to 3 significant figures. [2]

P moves in a horizontal circle with angular speed
3.46rads™1.

(iv) Find the tension in the string and the angle that
the string now makes with the vertical. [4]
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8 A child is trying to throw a small stone to hit a target
painted on a vertical wall. The child and the wall
are on horizontal ground. The child is standing a
horizontal distance of 8 m from the base of the wall.
The child throws the stone from a height of 1 m with
speed 12ms™1 at an angle of 20° above the horizontal.

(i) Find the direction of motion of the stone when it
hits the wall. [6]

The child now throws the stone with a speed of
Vms~1 from the same initial position and still at an
angle of 20° above the horizontal. This time the stone
hits the target which is 2.5m above the ground.

(i) Find V. [6]
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