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Answer all questions.

Answer each question in the space provided for that question.

1 A particle moves with simple harmonic motion on a line between two points, 4 and B,
which are 0.4 metres apart. The maximum speed of the particle is 0.8 ms™'. The
particle passes through a point C that is 0.1 metres from A.

(a) Find the period of the motion.

[3 marks]
(b) Find the speed of the particle when it is at C.

[3 marks]
(c) Given that the particle is at rest at 4 at time ¢ = 0, find an expression for the

displacement of the particle from A at time ¢ seconds.

[3 marks]
(d) Find the time that it takes for the particle to move from A4 to C.

[3 marks]
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A particle is attached to one end of a light inextensible string of length 1.2 metres.
The other end of the string is attached to a fixed point O. A square peg is fixed with
its lowest edge at a distance 0.5 metres directly below O. The particle is released
from rest at the point A and moves to the point B, where it comes to rest. During this
motion the particle passes through the point C, which is vertically below O. These

points are shown in the diagram. The path of the particle consists of two arcs, AC
and CB, of different radii.

)

Assume that the angle between the vertical and the string is always small and that
there is no air resistance.

Find the time that it takes for the particle to move from A4 to B.
[4 marks]
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3 A particle moves on a curve and at time ¢ has polar coordinates (r, 6) with respect to
an origin O. The curve is defined by r = %e“e , Where a is a constant. Attime t =0,

1
2 b
maintains a constant angular velocity, about O, of 2.

the polar coordinates of the particle are < 0> . A force acts on the particle so that it

(a) Find the radial and transverse components of the acceleration of the particle at time ¢,
in terms of ¢ and t.
[7 marks]
(b) Given that the magnitude of the acceleration is 20 when ¢ = 0, find the possible
values of a.
[5 marks]
" | Answer space for question 3
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(a)

(b)

(c)

Two uniform rigid rods, 4B and BC, are joined at right angles to make the rigid body
shown in the diagram. The rod AB has length 2a and mass 2m. The rod BC has
length a and mass m. The rigid body is pivoted at B and is free to rotate about a
horizontal axis through B which is perpendicular to the two rods. Two pegs, P and Q,
are positioned as shown in the diagram to restrict the motion of the rigid body.

Two elastic strings are attached to the rigid body at 4 and C. The other ends of the
strings are attached to rings that move on a smooth horizontal wire at a distance of 5a
above B. Assume that these strings remain vertical at all times. Both strings have
natural length a. The string attached at 4 has modulus of elasticity 2mg and the
string attached at C has modulus of elasticity 8mg. The angle between 4B and the
horizontal is 0 radians.

S5a

Gravitational potential energy is taken to be zero at the level of B.

Show that V, the total potential energy of the system, is given by

V= ?(168 —28sin0 — 63cos) where 0<0 <g
[7 marks]
Find the value of 6 for which the rigid body is in equilibrium.
[5 marks]

Confirm that the value of 0 found in part (b) corresponds to a position of stable
equilibrium.
[3 marks]
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5 A particle of mass 2 kg is attached to a spring of stiffness 24 Nm~! and natural
length 0.35 metres.
(a) Find the length of the spring when the mass hangs in equilibrium, giving your answer
as a fraction.
[3 marks]
(b) The spring and particle are placed in a cylinder which is full of oil, with one end of the

spring fixed at the top of the cylinder. The height of the cylinder is 1.8 metres. The
particle is released from rest at the base of the cylinder, as shown in the diagram.

T~

The displacement of the particle from the centre of the top of the cylinder at time
t seconds is x metres. As the particle moves, it experiences a resistance force of
magnitude 14v N, where v is the speed of the particle at time ¢.

(i) Show that

d>x _dx
—+7—+12x=14
de2 - de
[4 marks]
(ii) Find x in terms of ¢.
[10 marks]
(iii) State the type of damping that is taking place in this situation.
[1 mark]
‘e | Answer space for question 5
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(a) Show that while the cylinder contains water

(b) Find v in terms of M, g, A and t.

(c) Find the maximum speed of the block, in terms of M, g and A.

A block, of mass M kg, is initially at rest on a smooth horizontal surface. A light
inextensible string is attached to the block and passes over a smooth peg. A light
cylinder full of water is attached to the other end of the string. Water escapes from
the cylinder, through two holes located at the base and on opposite ends of a
diameter. Relative to the cylinder the water moves horizontally as it leaves the
cylinder. Assume that the water leaves the cylinder at a constant rate of 4 kg s,
The system is released from rest with the cylinder full, the string taut and the string

above the cylinder vertical, as shown in the diagram.

At time ¢ seconds, the mass of the water in the cylinder is m kg, and the cylinder and
block both have speed vims™!. When t =0, m =M and v=0.

dv (M —it)g

dr - 2M — it
[6 marks]

[5 marks]

[3 marks]
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