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A circular object is formed from a uniform semicircular lamina of weight 12 N and a uniform

semicircular arc of weight 8 N. The lamina and the arc both have centre O and radius 0.6 m and are

joined at the ends of their common diameter AB. The object is freely pivoted to a fixed point at A

with AB inclined at 30◦ to the vertical. The object is in equilibrium acted on by a horizontal force

of magnitude F N applied at the lowest point of the object, and acting in the plane of the object (see

diagram).

(i) Show that the centre of mass of the object is at O. [3]

(ii) Calculate F. [3]

2 A light elastic string has natural length 4 m and modulus of elasticity 60 N. A particle P of mass 0.6 kg

is attached to the mid-point of the string. The ends of the string are attached to fixed points A and

B which lie in the same vertical line with A at a distance of 6 m above B. P is projected vertically

upwards from the point 2 m vertically above B. In the subsequent motion, P comes to instantaneous

rest at a distance of 2 m below A.

(i) Calculate the speed of projection of P. [2]

(ii) Calculate the distance of P from A at an instant when P has its greatest kinetic energy, and

calculate this kinetic energy. [6]
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The point O is 1.2 m below rough horizontal ground ABC. A ball is projected from O with speed

25 m s−1 at an angle of 70◦ to the horizontal. The ball passes over the point A after travelling a

horizontal distance of 2 m. The ball subsequently bounces once on the ground at B. The ball leaves B

with speed 15 m s−1 and travels a further horizontal distance of 20 m before landing at C (see diagram).

(i) Calculate the height above the level of O of the ball when it is vertically above A. [3]

(ii) Calculate the time after the instant of projection when the ball reaches B. [3]

(iii) Find the angle which the trajectory of the ball makes with the horizontal immediately after it

bounces at B. [2]

© UCLES 2012 9709/53/O/N/12



3

4

0.9 m

0.9 m

h m

r m A

B

A cylinder of height 0.9 m and radius 0.9 m is placed symmetrically on top of a cylinder of height

h m and radius r m, where r < 0.9, with plane faces in contact and axes in the same vertical line AB,

where A and B are centres of plane faces of the cylinders (see diagram). Both cylinders are uniform

and made of the same material. The lower cylinder is gradually tilted and when the axis of symmetry

is inclined at 45◦ to the horizontal the upper cylinder is on the point of toppling without sliding.

(i) Find r. [2]

The upper cylinder is now fixed to the lower cylinder to create a uniform object.

(ii) Show that the centre of mass of the object is

25h2
+ 180h + 81

50h + 180
m

from A. [3]

The object is placed with the plane face containing A in contact with a rough plane inclined at α
◦ to

the horizontal, where tan α = 0.5. The object is on the point of toppling without sliding.

(iii) Calculate h. [3]

5 A small ball B of mass 0.2 kg is attached to fixed points P and Q by two light inextensible strings of

equal length. P is vertically above Q, the strings are taut and each is inclined at 60◦ to the vertical. B

moves with constant speed in a horizontal circle of radius 0.6 m.

(i) Given that the tension in the string PB is 7 N, calculate

(a) the tension in string QB, [2]

(b) the speed of B. [3]

(ii) Given instead that B is moving with angular speed 7 rad s−1, calculate the tension in the string

QB. [4]

[Question 6 is printed on the next page.]
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Two particles P and Q, of masses 0.4 kg and 0.2 kg respectively, are attached to opposite ends of a

light inextensible string. P is placed on a horizontal table and the string passes over a small smooth

pulley at the edge of the table. The string is taut and the part of the string attached to Q is vertical

(see diagram). The coefficient of friction between P and the table is 0.5. Q is projected vertically

downwards with speed 5 m s−1, and at time t s after the instant of projection the speed of the particles

is v m s−1. The motion of each particle is opposed by a resisting force of magnitude 0.9v N. The

particle P does not reach the pulley.

(i) Show that
dv

dt
= −3v. [4]

(ii) Find the value of t when the particles have speed 2.5 m s−1 and the distance that each particle has

travelled in this time. [7]
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