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1 A particle is projected with speed 12 m s−1 from a point on horizontal ground. The particle strikes the
ground 1.6 s after the instant of projection. Calculate the angle of projection. [2]
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A non-uniform rod AB of weight 6 N rests in limiting equilibrium with the end A in contact with a
rough vertical wall. AB = 1.2 m, the centre of mass of the rod is 0.8 m from A, and the angle between
AB and the downward vertical is ��. A force of magnitude 10 N acting at an angle of 30� to the
upwards vertical is applied to the rod at B (see diagram). The rod and the line of action of the 10 N
force lie in a vertical plane perpendicular to the wall. Calculate

(i) the value of �, [4]

(ii) the coefficient of friction between the rod and the wall. [2]

3 A light elastic string has natural length 0.8 m and modulus of elasticity 16 N. One end of the string is
attached to a fixed point O, and a particle P of mass 0.4 kg is attached to the other end of the string.
The particle P hangs in equilibrium vertically below O.

(i) Show that the extension of the string is 0.2 m. [2]

P is projected vertically downwards from the equilibrium position. P first comes to instantaneous
rest at the point where OP = 1.4 m.

(ii) Calculate the speed at which P is projected. [3]

(iii) Find the speed of P at the first instant when the string subsequently becomes slack. [2]

4 A particle P is projected with speed 20 m s−1 at an angle of 40� above the horizontal from a point O
on horizontal ground.

(i) Find the height of P above the ground when P has speed 18 m s−1. [2]

(ii) Calculate the length of time for which the speed of P is less than 18 m s−1, and find the horizontal
distance travelled by P during this time. [6]
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A uniform metal frame OABC is made from a semicircular arc ABC of radius 1.8 m, and a straight
rod AOC with AO = OC = 1.8 m (see diagram).

(i) Calculate the distance of the centre of mass of the frame from O. [3]

A uniform semicircular lamina of radius 1.8 m has weight 27.5 N. A non-uniform object is formed by
attaching the frame OABC around the perimeter of the lamina. The object is freely suspended from
a fixed point at A and hangs in equilibrium. The diameter AOC of the object makes an angle of 22�
with the vertical.

(ii) Calculate the weight of the frame. [5]

6 A particle P of mass 0.6 kg is released from rest at a point above ground level and falls vertically. The
motion of P is opposed by a force of magnitude 3v N, where v m s−1 is the speed of P. Immediately
before P reaches the ground, v = 1.95.

(i) Calculate the time after its release when P reaches the ground. [5]

P is now projected horizontally with speed 1.95 m s−1 across a smooth horizontal surface. The motion
of P is again opposed by a force of magnitude 3v N, where v m s−1 is the speed of P.

(ii) Calculate the distance P travels after projection before coming to rest. [3]

[Question 7 is printed on the next page.]
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A small bead B of mass m kg moves with constant speed in a horizontal circle on a fixed smooth wire.
The wire is in the form of a circle with centre O and radius 0.4 m. One end of a light elastic string of
natural length 0.4 m and modulus of elasticity 42m N is attached to B. The other end of the string is
attached to a fixed point A which is 0.3 m vertically above O (see diagram).

(i) Show that the vertical component of the contact force exerted by the wire on the bead is 3.7m N
upwards. [3]

(ii) Given that the contact force has zero horizontal component, find the angular speed of B. [2]

(iii) Given instead that the horizontal component of the contact force has magnitude 2m N, find the
two possible speeds of B. [3]

The string is now removed. B again moves on the wire in a horizontal circle with constant speed. It
is given that the vertical and horizontal components of the contact force exerted by the wire on the
bead have equal magnitudes.

(iv) Find the speed of B. [3]
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