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A particle A and a block B are attached to opposite ends of a light elastic string of natural length 2 m
and modulus of elasticity 6 N. The block is at rest on a rough horizontal table. The string passes over
a small smooth pulley P at the edge of the table, with the part BP of the string horizontal and of length
1.2 m. The frictional force acting on B is 1.5 N and the system is in equilibrium (see diagram). Find
the distance PA. [3]
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A uniform rigid wire AB is in the form of a circular arc of radius 1.5 m with centre O. The angle AOB
is a right angle. The wire is in equilibrium, freely suspended from the end A. The chord AB makes an
angle of θ◦ with the vertical (see diagram).

(i) Show that the distance of the centre of mass of the arc from O is 1.35 m, correct to 3 significant
figures. [2]

(ii) Find the value of θ . [3]
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One end of a light inextensible string is attached to a point C. The other end is attached to a point D,
which is 1.1 m vertically below C. A small smooth ring R, of mass 0.2 kg, is threaded on the string
and moves with constant speed v m s−1 in a horizontal circle, with centre at O and radius 1.2 m, where
O is 0.5 m vertically below D (see diagram).

(i) Show that the tension in the string is 1.69 N, correct to 3 significant figures. [3]

(ii) Find the value of v. [3]
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Uniform rods AB, AC and BC have lengths 3 m, 4 m and 5 m respectively, and weights 15 N, 20 N
and 25 N respectively. The rods are rigidly joined to form a right-angled triangular frame ABC. The
frame is hinged at B to a fixed point and is held in equilibrium, with AC horizontal, by means of an
inextensible string attached at C. The string is at right angles to BC and the tension in the string is
T N (see diagram).

(i) Find the value of T . [2]

A uniform triangular lamina PQR, of weight 60 N, has the same size and shape as the frame ABC.
The lamina is now attached to the frame with P, Q and R at A, B and C respectively. The composite
body is held in equilibrium with A, B and C in the same positions as before. Find

(ii) the new value of T , [2]

(iii) the magnitude of the vertical component of the force acting on the composite body at B. [2]
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Particles A and B are projected simultaneously from the top T of a vertical tower, and move in the same
vertical plane. T is 7.2 m above horizontal ground. A is projected horizontally with speed 8 m s−1 and
B is projected at an angle of 60◦ above the horizontal with speed 5 m s−1. A and B move away from
each other (see diagram).

(i) Find the time taken for A to reach the ground. [2]

At the instant when A hits the ground,

(ii) show that B is approximately 5.2 m above the ground, [2]

(iii) find the distance AB. [3]

6 One end of a light elastic string of natural length 1.25 m and modulus of elasticity 20 N is attached to
a fixed point O. A particle P of mass 0.5 kg is attached to the other end of the string. P is held at rest
at O and then released. When the extension of the string is x m the speed of P is v m s−1.

(i) Show that v2 = −32x2 + 20x + 25. [4]

(ii) Find the maximum speed of P. [3]

(iii) Find the acceleration of P when it is at its lowest point. [4]

7 A particle P of mass 0.5 kg moves on a horizontal surface along the straight line OA, in the direction
from O to A. The coefficient of friction between P and the surface is 0.08. Air resistance of magnitude
0.2v N opposes the motion, where v m s−1 is the speed of P at time t s. The particle passes through O
with speed 4 m s−1 when t = 0.

(i) Show that 2.5
dv
dt

= −(v + 2) and hence find the value of t when v = 0. [7]

(ii) Show that
dx
dt

= 6e−0.4t − 2, where x m is the displacement of P from O at time t s, and hence find

the distance OP when v = 0. [5]
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