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Answer all questions.

Answer each question in the space provided for that question.

(a)
(i)

(ii) from the line DC.

(b)

A uniform rectangular lamina 4ABCD has mass 7kg. It has one side AB of length
120 cm and another side BC of length 80 cm and is used as a display board for a
small zoo.

Three small animal shapes are positioned on the lamina at the points P, Q and R as
shown in the diagram.

y A X
4 B
x P
80 cm
xQ
xR
D 120 cm ¢

Not drawn to scale

Coordinate axes are drawn as shown with the origin at the point D. The three animal
shapes are to be treated as particles at the points as below.

Lion of mass 6kg at the point P, which has coordinates (20, 60).
Giraffe of mass 3 kg at the point O, which has coordinates (60, 30).
Crocodile of mass 4 kg at the point R, which has coordinates (80, 20).
Find the distance of the centre of mass of the display board with the animals attached
from the line AD.
[3 marks]
[2 marks]
The display board is suspended by a rope from a point X which is the midpoint of AB.
It is required that in equilibrium the display board will hang so that AB is horizontal.
To ensure this, a zebra will be fixed to a point on BC.

Find the mass of the zebra.
[4 marks]
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2 A slide in a water park may be modelled as a smooth slope, 4B, of length 16 metres box
inclined at an angle of 60° to the vertical. At the bottom of the slope there is a rough
horizontal surface, BC, of length 18 metres.

b 16 m

18 m

Jay, a child of mass 21 kg, slides down the slope and then along the horizontal
surface. At 4 his velocity is 2ms~! and the coefficient of friction between Jay and the
rough horizontal surface BC' is u.

Assume that no energy is lost at B and that air resistance is to be ignored.

(a) Calculate the kinetic energy of Jay at A4.
[2 marks]
(b) By using conservation of energy:
(i) find the kinetic energy of Jay when he reaches B;
[3 marks]
(ii) find the speed of Jay when he reaches B.
[2 marks]
(c) Jay comes to rest when he reaches C.
Find u.
[3 marks]
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3 A particle, of mass 2 kg, moves in a horizontal plane under the action of a resultant box
force, F newtons.

The unit vectors i and j are directed east and north respectively. At time ¢ seconds,
the velocity of the particle, vms™!, is given by

v=(12t—t)i—6e%j (t=0)

(a) Find an expression for the acceleration of the particle at time t.

[2 marks]
(b) (i) Find an expression for F at time ¢.

[2 marks]

(if) Find the magnitude of F when ¢t = 0.

[2 marks]
(c) Find the value of t when F acts due north.

[2 marks]
(d) When ¢ = 0, the particle is at the point with position vector 4i — 2j

Find the position vector, r metres, of the particle at time ¢.
[5 marks]
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(a)

(b)

A car, of mass 900 kg, travels around a roundabout on a horizontal, circular path at a
constant speed of 12ms™'. The radius of its circular path is 80 metres. Assume that
there is no resistance to the motion of the car and that the car can be modelled as a

particle.

A frictional force, directed towards the centre of the car’s circular path, acts on the car

as it moves. Show that the magnitude of this frictional force is 1620 N.

The coefficient of friction between the car and the road is u.

Find the least possible value of u.

[2 marks]

[2 marks]
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(a)

(b)

(i)

(ii)

(iii)

A car has a maximum power of 32 kilowatts.

When the car is moving at a speed of vms™!, a total resistance force of magnitude
kv newtons acts on the car where £ is a constant.

When the car is moving along a straight horizontal road, the maximum speed of the
caris 40ms~!.

Show that k£ = 20
[2 marks]

When the car is travelling at 18 ms™! the car starts to travel down a slope which is
inclined at an angle 0 to the horizontal, where sin = 0.1

The power exerted by the car’s engine is reduced to zero. After the power exerted by

the car has been reduced to zero for ¢ seconds, its speed is vms™! .

The mass of the car is 600 kg.

Show that dv_3g—v
de 30
[3 marks]
Find ¢ in terms of v and g.
[5 marks]

Hence find the time for the speed of the car to increase from 18 ms~! to 22ms™!.

Give your answer to 3 significant figures.
[3 marks]
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6 A small bead, of mass m, is attached by a light inextensible string, of length a, to a box
fixed point O.

The string is taut and the bead is held at a point 4, where A4 is vertically above O.

The bead is set into vertical circular motion with an initial horizontal velocity, u, as
shown in Figure 1. The string does not become slack in the subsequent motion.

Figure 1

The speed of the bead at the point B where B is vertically below O is v, as shown in
Figure 2.

Figure 2

—_————

The ratio of the tensions in the string when the bead is at the two points 4 and B

is5:7.
(a) Find u in terms of @ and g.
[6 marks]
(b) Find the ratio u : v
[2 marks]
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(a)

(b)

(c)

A particle, P, of mass 8 kg is resting on a rough horizontal plane.

The particle is attached to one end of a light elastic string AP of natural length

2 metres and modulus of elasticity 160N. It is also attached to another light elastic
string BP of natural length 3 metres and modulus of elasticity 240 N. The points 4
and B are fixed on the horizontal plane 7 metres apart.

The particle is held at the point C where the length of AC is 2 metres and the length
of BC is 5 metres. The points 4, B and C are in a straight line.

Show that the total elastic energy of the two strings when the particle is in this
position is 160J.

[2 marks]

The particle is released from rest at point C. The coefficient of friction between the
particle and the rough plane is i. In the subsequent motion, and before the particle
first comes to rest, the particle has speed vms~! when it is x metres from C.

Find v in terms of x, u and g.
[5 marks]

Find the value of x, in terms of u and g, when the speed of the particle is a maximum.
[2 marks]
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8 A smooth hollow hemisphere, of radius r, is fixed so that its rim is in a horizontal box
plane, with the centre of the rim being the point O. A smooth uniform rod PQ, of
mass m, is in equilibrium, with one end P resting on the inside of the hemisphere and
the point R on the rod being in contact with the rim of the hemisphere. The rod, of
length /, is inclined at an angle of 30° to the horizontal, as shown in the diagram.

Find 7 in terms of /.
[9 marks]
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