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1 A light elastic string has modulus of elasticity 5 N and natural length 1.5 m. One end of the string is
attached to a fixed point O and a particle P of mass 0.1 kg is attached to the other end of the string.
P is released from rest at the point 2.4 m vertically below O. Calculate the speed of P at the instant
the string first becomes slack. [3]

A uniform lamina ABC in the shape of an isosceles triangle has weight 24 N. The perpendicular
distance from A to BC is 12 cm. The lamina rests in a vertical plane in equilibrium, with the vertex
A in contact with a horizontal surface. Angle BAC = 100° and AB makes an angle of 10° with the
horizontal. Equilibrium is maintained by a force of magnitude F N acting along BC (see diagram).
Show that F = 8. [3]

3 A small block B of mass 0.2kg is placed at a fixed point O on a smooth horizontal surface. A

horizontal force of magnitude 0.42 N is applied to B. At time ts after the force is first applied, the

velocity of B away from Ois vms™'.

(i) Find the value of Vwhent = 1. [2]

For t > 1 an additional force, of magnitude 0.32t N and directed towards O, is applied to B. The force
of magnitude 0.42 N continues to act as before.

(ii) Find the value of Vwhen t = 2. [3]

For t > 2 a third force, of magnitude 0.06t> N and directed away from O, is applied to B. The other
two forces continue to act as before.

(iii) Show that the velocity of B is the same when t = 2 and when t = 3. [3]

4 One end of a light inextensible string of length 2.4 m is attached to a fixed point A. The other end
of the string is attached to a particle P of mass 0.2kg. P moves with constant speed in a horizontal
circle which has its centre vertically below A, with the string taut and making an angle of 60° with
the vertical.

(i) Find the speed of P. [4]

The string of length 2.4 m is removed, and P is now connected to A by a light inextensible string of
length 1.2m. The particle P moves with angular speed 4rads™' in a horizontal circle with its centre
vertically below A.

(ii) Calculate the angle between the string and the vertical. [4]
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5 A small ball is thrown horizontally with speed 5Sms™' from a point O on the roof of a building. At
time ts after projection, the horizontal and vertically downwards displacements of the ball from O

are Xm and Yy m respectively.

(i) Express X and Y in terms of t, and hence show that the equation of the trajectory of the ball is
y = 0.2x%. [3]

The ball strikes the horizontal ground which surrounds the building at a point A.

(ii) Given that OA = 18 m, calculate the value of X at A, and the speed of the ball immediately before
it strikes the ground at A. [6]
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A particle P of mass 0.6 kg is attached to one end of a light elastic string of natural length 1.5 m and
modulus of elasticity 9 N. The string passes through a small smooth ring R fixed at a height of 0.4 m
above a rough horizontal surface. The other end of the string is attached to a fixed point O which
is 1.5m vertically above R. The points A and B are on the horizontal surface, and B is vertically
below R. When P is on the surface between A and B, RP makes an acute angle 6° with the horizontal
(see diagram).

(i) Show that the normal force exerted on P by the surface has magnitude 3.6 N, for all values of 6.

[3]

P is projected with speed 2.5ms™' towards B from its initial position at A where 8 = 30. The speed
of P when it passes through Bis 3ms™'.

(i1) Find the work done against friction as P moves from A to B. [4]

(iii) Calculate the value of the coefficient of friction between P and the surface. [2]

[Question 7 isprinted on the next page.]
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The diagram shows a container which consists of a bowl of weight 14 N and a handle of weight 8 N.
The bowl of the container is in the form of a uniform hemispherical shell with centre O and radius
0.3 m. The handle is in the form of a uniform semicircular arc of radius 0.3 m and is freely hinged to
the bowl at A and B, where AB is a diameter of the bowl.

(i) Calculate the distance of the centre of mass of the container from O for the position indicated in
the diagram, where the handle is perpendicular to the rim of the bowl. [3]

(ii) Show that the distance of the centre of mass of the container from O when the handle lies on the
rim of the bowl is 0.118 m, correct to 3 significant figures. [5]

In the case when the handle lies on the rim of the bowl, the container rests in equilibrium with the
curved surface of the bowl on a horizontal table.

(iii) Find the angle which the plane containing the rim of the bowl makes with the horizontal.  [2]
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