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Answer all questions.

Answer each question in the space provided for that question.

1 A simple pendulum consists of a light string of length 2.45 metres and a small spherical
bob. The pendulum is released from rest with the string taut. When it is released, the

angle between the string and the vertical is %

(a) Find the period of the motion of the pendulum.
[2 marks]
(b) Find the average speed of the spherical bob during one complete oscillation.
[3 marks]
(c) Find the angle between the string and the vertical when the speed of the spherical bob is
1.2ms™.
[5 marks]
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(a)

(b)

(c)

(i)

(i)

The points 4 and B are on a vertical line and 2 metres apart, with 4 above B.

Two identical elastic springs have natural length 0.5 metres and modulus of elasticity
49 N. One end of each spring is attached to a particle of mass 0.4 kg. The other ends
of the springs are attached to the points 4 and B.

Find the distance of the particle from 4 when it is in equilibrium.
[4 marks]

The particle is then pulled down below its equilibrium position and released. Show that
V10

the period of the subsequent motion is seconds.

[5 marks]

Given that the particle is released from rest at a point 0.05 metres below the equilibrium
point:

find the maximum speed of the particle;
[2 marks]

find the speed of the particle when it is midway between the equilibrium position and
the point of release.
[3 marks]
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3 A smooth wire is in the shape of the curve y =4—x>. The wire is fixed in a vertical
plane with the y-axis vertical. A small ring, of mass m, is threaded onto this wire. An

elastic string has modulus of elasticity 4mg and natural length 1. One end of the string is
fixed to the point with coordinates (0, 0) and the other to the ring.
Gravitational potential energy is taken to be zero at the level of the x-axis.

(a) Show that the total potential energy, V, of this system is given by

V=mg(38—15x2+2x4 —44/16-7x7 +x4)

where x is the x-coordinate of the position of the ring.

[5 marks]
(b) Find % and show that the system has a position of equilibrium when x = 2.

[4 marks]
(c) Determine the nature of this equilibrium position.

[3 marks]
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4 A particle moves on a curve and at time ¢ has polar coordinates (r, ), where r =sin @
and 0 =2t.
(a) Show that, when r =1, the transverse component of the acceleration of the particle is
zero.
[5 marks]
(b) Find an expression for the times when the radial component of the acceleration is zero.
[4 marks]
(c) Show that, when the radial component of the acceleration is zero, the transverse
component of the velocity is also zero.
[2 marks]
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5 A particle, of mass m kg, is attached to one end of an elastic string which has modulus
of elasticity 2.5m newtons. The natural length of the string is 0.5 metres. The other end
of the string is attached to a fixed point O.

There is a container of fluid below O, where the surface of the fluid is 0.5 metres below
0. The particle is released from rest at a point vertically below O, on the surface of the
fluid. As it moves through the fluid, the particle experiences a resistance force of
magnitude 2myv newtons, where v is the speed of the particle.

At time ¢ seconds after the particle is released from rest, the displacement of the particle
below the surface of the fluid is x metres.

Find the maximum length of the elastic string during the subsequent motion.

[15 marks]
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(a)

(b)

(c)

A spacecraft is descending towards the surface of a planet and fires its rockets to
prepare for landing. The initial mass of the spacecraft, including fuel, is M kg and 10%

of this is fuel. The fuel is expelled at a rate of A kg s'andata speed of Um s relative
to the spacecraft.

All the motion takes place near to the surface of the planet and the acceleration due to
gravity on the planet is a constant g m s throughout the motion. When the rockets are

U
fired, the speed of the space craft is 20 ms . Attime 7 seconds after the rockets start

to fire, the velocity of the space craft is vm s
Assume that no air-resistance forces act on the spacecraft as it moves.
Show that

v

at ¢ M-t

[5 marks]

Given that the spacecraft slows down at the time that the rockets are fired, show that

U>%
A

[3 marks]

3M,
Given that U = 2—f find the speed of the spacecraft when all the fuel has been used

up, giving your answer in terms of g, M and A.
[5 marks]
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