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1

24°

6 N

0.5 m s
–1

A ring is threaded on a fixed horizontal bar. The ring is attached to one end of a light inextensible

string which is used to pull the ring along the bar at a constant speed of 0.5 m s−1. The string makes

a constant angle of 24◦ with the bar and the tension in the string is 6 N (see diagram). Find the work

done by the tension in a period of 8 s. [3]

2

11.2 N
R

A

B

q°

A smooth ring R of mass 0.16 kg is threaded on a light inextensible string. The ends of the string

are attached to fixed points A and B. A horizontal force of magnitude 11.2 N acts on R, in the same

vertical plane as A and B. The ring is in equilibrium. The string is taut with angle ARB = 90◦, and

the part AR of the string makes an angle of θ◦ with the horizontal (see diagram). The tension in the

string is T N.

(i) Find two simultaneous equations involving T sin θ and T cos θ. [3]

(ii) Hence find T and θ. [3]

3 A particle P travels from a point O along a straight line and comes to instantaneous rest at a point A.

The velocity of P at time t s after leaving O is v m s−1, where v = 0.027(10t
2 − t

3). Find

(i) the distance OA, [4]

(ii) the maximum velocity of P while moving from O to A. [3]
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4 A car of mass 1230 kg increases its speed from 4 m s−1 to 21 m s−1 in 24.5 s. The table below shows

corresponding values of time t s and speed v m s−1.

t 0 0.5 16.3 24.5

v 4 6 19 21

(i) Using the values in the table, find the average acceleration of the car for 0 < t < 0.5 and for

16.3 < t < 24.5. [2]

While the car is increasing its speed the power output of its engine is constant and equal to P W, and

the resistance to the car’s motion is constant and equal to R N.

(ii) Assuming that the values obtained in part (i) are approximately equal to the accelerations at v = 5

and at v = 20, find approximations for P and R. [5]

5 A lorry of mass 16 000 kg moves on a straight hill inclined at angle α◦ to the horizontal. The length

of the hill is 500 m.

(i) While the lorry moves from the bottom to the top of the hill at constant speed, the resisting force

acting on the lorry is 800 N and the work done by the driving force is 2800 kJ. Find the value

of α. [4]

(ii) On the return journey the speed of the lorry is 20 m s−1 at the top of the hill. While the lorry

travels down the hill, the work done by the driving force is 2400 kJ and the work done against

the resistance to motion is 800 kJ. Find the speed of the lorry at the bottom of the hill. [4]

6

a a

Fig. 1 Fig. 2

5.9 N
5.9 N

A block of weight 6.1 N is at rest on a plane inclined at angle α to the horizontal, where tan α = 11
60

.

The coefficient of friction between the block and the plane is µ. A force of magnitude 5.9 N acting

parallel to a line of greatest slope is applied to the block.

(i) When the force acts up the plane (see Fig. 1) the block remains at rest. Show that µ ≥ 4
5
. [5]

(ii) When the force acts down the plane (see Fig. 2) the block slides downwards. Show that µ < 7
6
.

[2]

(iii) Given that the acceleration of the block is 1.7 m s−2 when the force acts down the plane, find the

value of µ. [2]

[Question 7 is printed on the next page.]
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7

A B

0.65 m

Two particles A and B have masses 0.12 kg and 0.38 kg respectively. The particles are attached to the

ends of a light inextensible string which passes over a fixed smooth pulley. A is held at rest with the

string taut and both straight parts of the string vertical. A and B are each at a height of 0.65 m above

horizontal ground (see diagram). A is released and B moves downwards. Find

(i) the acceleration of B while it is moving downwards, [2]

(ii) the speed with which B reaches the ground and the time taken for it to reach the ground. [3]

B remains on the ground while A continues to move with the string slack, without reaching the pulley.

The string remains slack until A is at a height of 1.3 m above the ground for a second time. At this

instant A has been in motion for a total time of T s.

(iii) Find the value of T and sketch the velocity-time graph for A for the first T s of its motion. [3]

(iv) Find the total distance travelled by A in the first T s of its motion. [2]
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