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A child pulls a sledge at constant speed in a straight line along horizontal snow-covered ground. The
rope attached to the sledge makes an angle of 25° with the horizontal and the tension is 30N. Calculate
the work done in moving the sledge 50 m. [3]

A small ball moves in a horizontal circle on the inside of a smooth hollow cylinder, in such a way
that it remains in contact with both the curved surface and the base of the cylinder (see diagram). The
mass of the ball is 0.1 kg and the radius of the base of the cylinder is 0.2 m. The ball moves with
constant angular speed 3rads™.

(i) Find the magnitude of the force which the curved surface of the cylinder exerts on the ball. [2]

(if) Find the kinetic energy of the ball. [3]

(i) A uniform semicircular lamina has radius Scm. Show that the distance from its centre to its
centre of mass is 2.12 cm, correct to 3 significant figures. [2]

A uniform rectangular lamina ABCD has mass 2kg and dimensions AB = 12cm and AD = 5cm.
A uniform semicircular lamina has mass 3 kg and radius 5cm. A single plane object is formed by

attaching the rectangular lamina to the semicircular lamina, with the end AD coinciding with a radius
of the semicircle (see diagram).

S5cm
C D
S5cm
B 12cm A
(ii) Calculate the distance of the centre of mass of the combined object from the point B. [6]
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Two small spheres A and B, with masses 0.3 kg and 0.2kg respectively, lie adjacent to each other
on a smooth horizontal surface. The spheres are midway between two identical vertical walls. The
spheres are projected directly towards the walls with speeds 6ms™! (see diagram). The coefficient of

restitution between the spheres is 2. The coefficient of restitution between each sphere and each wall
P! 3 P!

is also %

Calculate
(i) the speed of A after its first impact with a wall, 1]
(i) the speeds of A and B after their first impact with each other, {6}
(iif) the magnitude of the impulse which sphere A exerts on sphere B at their first impact. (2]

2m/

P

02m

A uniform plank of weight 200N has length 2m. The plank rests against a smooth step of height

0.2m. One end of the plank lies on rough horizontal ground. The plank is in equilibrium and makes
an angle of 10° with the horizontal (see diagram).

(i) Show that the force which the plank exerts on the step is 171 N, correct to 3 significant figures.
(3]

(if) Find the least possible coefficient of friction between the plank and the ground. [6]

[Questions 6 and 7 are printed overleaf.]
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The resistance to motion of a car, of mass 1500kg, has magnitude (Av + Bv?) N, where A and B are
constants and vins™ is the speed of the car. The maximum power of the car’s engine is 30 kW.

(i) Given that the maximum speed of the car on a horizontal road is 50 m 51, show thatA + 50B = 12.

(4]

@if) It is given also that the maximum speed of the car is 30ms™' when travelling uphill on a road
inclined at a’ to the horizontal, where sina’® = -21—‘ Find another equation connecting A and B,
and hence show that B = 0.1. [4]

(iii) Find the maximum acceleration at an instant when the car is travelling on a horizontal road at a
speed of 40ms~!. (5]

A particle is projected with speed 12m s”! at an angle of elevation 6 from a point O on a horizontal
plane, and it moves freely under gravity. The horizontal and upward vertical displacements of the
particle from O at any subsequent time, ¢ seconds, are xm and y m respectively.

(i) Express x and y in terms of 8 and ¢, and hence show that

gx*
=xtan 0 - ——————. 4
Y 288 cos? 0 4]
TS —
e 'S
/’/ \\\
e N
7/ \\

O,/f‘:sg\ rJ -J

Two thin poles of height 3 m stand vertically in the plane of the path of the particle. When 8 = 45°,
the particle just passes over the tops of both poles (see diagram).

(ii) Find the horizontal distance between the poles. 4]

(iif) Find the direction of motion of the particle as it passes over the second pole. 5]
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