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1 (a) In this part-question take g as 10 m s–2.

A small ball is released from rest. It falls for 2 seconds and is then brought to rest over the
next 5 seconds. This motion is modelled in the speed-time graph Fig. 1.

Fig. 1

(i) Calculate the distance fallen from to [3]

(ii) Find the acceleration of the ball from to specifying the direction. [3]

(iii) Obtain an expression in terms of t for the downward speed of the ball from to
[3]

(iv) State the assumption that has been made about the resistance to motion from to
[1]

(b) The position vector, r, of a particle at time t is given by

where i and j are the standard unit vectors, lengths are in metres and time is in seconds.

(i) Find an expression for the acceleration of the particle. [4]

(ii) Is the particle ever at rest? [2]

[Total 16]
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2 A small box B of weight 400 N is held in equilibrium by two light strings AB and BC. The string
BC is fixed at C. The end A of string AB is fixed so that AB is at an angle a to the vertical where

String BC is at 60° to the vertical. This information is shown in Fig. 2.

Fig. 2

(i) Draw a labelled diagram showing all the forces acting on the box. [1]

(ii) In one situation, the tension in the string BC is 200 N.

By resolving horizontally and vertically, or otherwise, calculate a and the tension in string AB.
[7]

(iii) In a new situation, string AB is fixed so that and BC remains at 60° to the vertical.

By drawing a triangle of forces, or otherwise, calculate the tension in the string BC and the
tension in the string AB. [4]

(iv) Show carefully, but briefly, that the box cannot be in equilibrium if and BC remains
at 60° to the vertical. [2]

[Total 14]
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3 (a) A particle of mass 4 kg is subject to a force F and a force 12j N. It has an acceleration of
. Find F. [3]

(b) Two blocks are connected by a light inextensible string AC that passes over a small, smooth
pulley at B, as shown in Fig. 3. The blocks slide on the horizontal plane and on the inclined
plane. The masses of the blocks, the resistances to motion of 4 N and 3 N, and the angle of the
inclined plane are also given in the figure. The string sections AB and BC are parallel to the
horizontal and inclined planes respectively.

Fig. 3

(i) State what information in the question tells you that

(A) the magnitudes of the accelerations of the blocks are the same,

(B) the tension in string section AB is the same as that in BC. [2]

The tension in the string is TN and the magnitude of the acceleration of the two blocks is 

(ii) By considering the motion of the 4 kg block, write down an equation connecting T and a.
[2]

(iii) Draw a diagram showing the forces acting on the 8 kg block. By considering the motion
of this block find another equation connecting T and a. [5]

(iv) Find the value of a. [3]

[Total 15]
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4 The trajectory ABCD of a small stone moving with negligible air resistance is shown in Fig. 4. AD
is horizontal and BC is parallel to AD.

The stone is projected from A with speed at 50° to the horizontal.

Fig. 4

(i) Write down an expression for the horizontal displacement from A of the stone t seconds after
projection. Write down also an expression for the vertical displacement at time t. [3]

(ii) Show that the stone takes 6.253 seconds (to three decimal places) to travel from A to D. [3]

You are given that 

(iii) Calculate the time it takes the stone to reach B. Hence determine the time for it to travel from
A to C. [4]

(iv) Calculate the direction of the motion of the stone at C. [5]

[Total 15]
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