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Reminder: Sufficient working must be shown to demonstrate the mathematical method employed.

1. Acar, of mass 2250kg, is moving along a straight horizontal road. The engine of the car is
working at a constant rate of 96 kW. The car experiences a variable resistance to motion of
kv*N, where k is a constant and vms™ is the speed of the car after it has travelled x metres.
You may assume that the car has a maximum speed of 40 ms™".

@ () Show thatk=15. [3]
(i) Show that v satisfies the differential equation
1500v* 2 = 6400017 [3]
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(b)  Find an expression for v* in terms of x, given that v =10 when x = 0. [7]
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(c) Find the speed of the car when it has travelled a distance of 250 m. 2]

(d) Explain why, according to this model, the car will not actually reach the maximum speed
of 40ms™". ]
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2. Two smooth spheres A and B, of equal radii and of masses mkg and 2m kg respectively, are
moving on a smooth horizontal surface when they collide. Immediately before the collision,
sphere A has velocity (10i+8j)ms™" and sphere B has velocity (—2i+ j)ms™.

The coefficient of restitution between the spheres is %

At the instant of collision, the line joining their centres is parallel to the vector i, as shown in the
diagram below.

(10i + 8j)ms™ (2i+j)ms™

(@) Find the velocity of A and the velocity of B immediately after the collision. [7]
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(b) Find, in terms of m, the impulse exerted on sphere B by sphere A, stating your units
clearly. [2]
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3. The diagram below shows a sign which is made from uniform laminae. Quadrants ABH and
CDE, centred at A and D respectively, are removed from a rectangular lamina ADFG which
has density pkg/sz. Both quadrants have radius 30cm.

Another uniform lamina, L, of surface area 2257 cm? and density 2p kg/cm?, is attached to
BCEFGH so that its centre of mass is 80cm from AG and acm from AD.

The dimensions, in cm, are as shown in the diagram.
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(@ (i) Calculate the distance of the centre of mass of the sign from AG.

(i) Determine the value of a, given that the distance of the centre of mass of the sign
from AD is 35cm. [10]
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(b)  When the sign is freely suspended from a point P on BC, it hangs in equilibrium with BC
horizontal. Write down the length BP. 1]

09

© WJEC CBAC Ltd. (1305U60-1) Turn over.

Examiner
only

1305U601

09



10

4. A particle P is moving along the x-axis with Simple Harmonic Motion with the origin O as its
centre. Its displacement x metres from O, after ¢ seconds, satisfies the following equation

d’>x
—5 =X,
dt
where w is a positive constant.
(@) The particle P is at O when ¢ = 0 and it is instantaneously at rest when x = a.

(i) Use the above equation to show that v, the speed of P at time ¢,
satisfies

v2=a)2(a2—x2). [4]
(i) Hence, or otherwise, prove that

x=asin(a)t). [5]
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(b) When1P is 3m from O, its speed is 8ms~', and when P is 4m from O, its speed is
6ms .

(i) Show that the amplitude of the motion is 5m and find the period of the motion. [6]

(i)  Find the distance of P from O when ¢ = 1-8. [2]
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5. A person of mass 72kg is climbing down a cliff face using a rope that is fixed at a point C.
As shown in the diagram below, the person’s feet make contact with the cliff at A and the rope
is attached to the person at B, where AB = 0-8m. The person is being held at rest by means of

the rope BC, with AB making an angle of 60° with the vertical and A/B\C =90°.

You may use the following modelling assumptions.

e The person can be modelled as a rod with centre of mass at B.
e The rope is light and inextensible.
* The cliff face is vertical.

e The cliff face is rough and the coefficient of friction between the person’s feet and the
cliff is denoted by .
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(@) Find the tension in the rope BC. [3]
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(b) Determine the least value of u such that the person can remain in the position shown in
the diagram on page 14. [8]
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(c) State one reason as to why your answer to part (b) may be unreliable in reality. 1]
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6.

(@) The diagram below shows a uniform solid right circular cone of height 2 and base
radius r.

You are given that the volume of the cone is %ﬂﬂh .

Show, by integration, that the centre of mass of the cone is at a height of lh above its
base on its axis of symmetry. 4 [4]
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(b) The diagram below shows a solid body which consists of a uniform right circular cylinder
with an inverted right circular cone removed.

The cylinder has height £, radius 3r and the centre of its top plane face is O. The centre
of its bottom plane face is X.

The cone has height /, radius r and the point O lies on the circumference of the base of
the cone. The vertex of the cone lies on the base of the cylinder.
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(i) Show that the vertical distance of the centre of mass of the solid from its top plane

.53
face is mh.
(i) Find the horizontal distance of the centre of mass of the solid from OX.

(iii)  The solid is suspended by a string which is attached to O. Given that OX'is
inclined at an angle of « to the vertical, find tana in terms of /2 and r. [11]
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END OF PAPER
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