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¢ Unless stated otherwise, you may quote formulae, without proof, from the booklet.
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Answer all questions.

Answer each question in the space provided for that question.

1 A ball of mass 3 kg is thrown from a hot-air balloon. When the ball is thrown, it is

50 metres above the ground. The ground is horizontal. The ball initially moves with
speed 12 m s

In this question, model the ball as a particle and ignore air resistance.

(a) Find the initial kinetic energy of the ball.

[2 marks]
(b) Find the kinetic energy of the ball when it hits the ground.
[3 marks]
(c) Hence find the speed of the ball when it hits the ground.
[2 marks]
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2 A particle moves on a horizontal plane in a straight line. At time ¢ seconds, it has
velocity v m s! where v=4¢F — 3 sin 4t + 8, t>0.

(a) (i) Find an expression for the acceleration of the particle at time .
[2 marks]

(ii) Find the acceleration of the particle when ¢ =

NN

[2 marks]

(b) When ¢ = 0, the particle is at the origin.

Find an expression for the displacement of the particle from the origin at time .
[5 marks]
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3 A uniform ladder 4B of length 7 metres and mass 15 kg rests with its foot 4 on a rough
horizontal floor. Its top B is leaning against a smooth vertical wall. The vertical plane
containing the ladder is perpendicular to the wall, and the angle between the ladder and
the floor is 6.

A man of mass 70 kg is standing at point C on the ladder so that the distance AC is

4 metres. With the man in this position, the ladder is on the point of slipping. The
coefficient of friction between the ladder and the horizontal floor is 0.3 . Model the man
as a particle at C.

4m

Find the angle 6.
[6 marks]
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4 Two light inextensible strings each have one end attached to a particle P of mass 6 kg.
The other ends of the strings are attached to the fixed points 4 and B. The point B is
vertically above the point 4. The particle moves at a constant speed in a horizontal
circle. The centre, C, of this circle is directly below the point 4. The two strings are
inclined at 20° and 40° to the vertical, as shown in the diagram. Both strings are taut.
As the particle moves in the horizontal circle, the tension in the string BP is 30 N.

B

P

(a) Find the tension in the string AP.
[3 marks]

(b) The speed of the particle is 8 m s,

Find the length of CP, the radius of the horizontal circle.
[4 marks]
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(a)

(b)

(c)

A car, of mass 1600 kg, has a maximum speed of 45 m s on a straight horizontal
road.

When the car travels at speed vm s it experiences a resistance force of magnitude
40v newtons.

Show that the maximum power of the car is 81 000 watts.
[2 marks]

The car is travelling along this straight horizontal road at a speed of 30 m s

Find the maximum possible acceleration of the car when it is travelling at this speed.
[2 marks]

The car starts to descend a hill which is inclined at an angle of 8 to the horizontal.

If the maximum possible constant speed of the car as it travels in a straight line down
the hill is 55 m s, find the angle 6.

[4 marks]
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6 A particle is placed at the point B on the top of a smooth upturned hemisphere of radius
4 metres and centre 0. The particle is set into motion with an initial horizontal velocity of
Ums'. When the particle is at point 4 on the surface of the hemisphere, the angle
between OA4 and OB is 6 and the particle has speed v m s

If the particle leaves the surface of the hemisphere when 6 = 35°, find the value of U.
[7 marks]
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(a)

(b)

(c)

Initially a speedboat is travelling at a speed of 15 m s'ina straight line across a lake.
At time ¢ seconds later, the speedboat has velocity v m s and the engine is producing a
constant force of 600 newtons.

The speedboat experiences a resistance force of magnitude 90v newtons.

The mass of the speedboat plus passengers is 450 kg.

Assume that the water in the lake is still.

Show that ﬂ =— 3v=20
dt 15
[1 mark]
Find an expression for v in terms of ¢.
[6 marks]
Find the time taken for the speed of the speedboat to reduce to 10 m s
[2 marks]
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8 (a)

(b)

(i)

(ii)

(iii)

(iv)

Hooke’s law states that the tension in a stretched string of natural length / and modulus
of elasticity 4 is % when its extensionise > 0.

Using this formula, prove that the work done in stretching a string from an
2

unstretched position to a position in which its extension is e is 261 .

[3 marks]

A particle of mass 10 kg is attached to one end of a light elastic string of natural length
0.8 metres and modulus of elasticity 250 N. The other end of the string is fixed to a
point O.

Find the extension of the elastic string when the particle hangs in equilibrium directly
below O.
[2 marks]

The particle is pulled down and held at the point P, which is 1.4 metres vertically below
0.

Find the elastic potential energy of the string when the particle is in this position.
[2 marks]

The particle is released from rest at the point P. In the subsequent motion, the particle
has speed vm s”' when it is x metres above P.

Show that, while the string is taut, 201> = 358x — 625x” .
[5 marks]

Find the value of x when the particle comes to rest for the first time after being released,
given that the string is still taut.
[2 marks]
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9 Two spheres, one of radius a and the other of radius 2a, are fixed in space with their
bases on a horizontal plane so that the two spheres are in contact with each other.

A rod is positioned so that the rod is a tangent to the sphere of radius a at the point 4
and to the sphere of radius 2a at the point B.

The coefficient of friction between the rod and the sphere of radius 2a at B is i, and the
coefficient of friction between the rod and the sphere of radius a at 4 is 2u.

The length of the rod is 4a, with its centre of mass M being equidistant from 4 and B.

(a) The rod is inclined at an angle of 26 to the horizontal.
Prove that sin 26 = % .
[2 marks]
(b) Find w if the rod is in limiting equilibrium at both 4 and B.
[6 marks]
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