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Answer all questions.

Answer each question in the space provided for that question.

1 A simple pendulum has a length of 0.5 metres.

(a) Find the period of motion of this pendulum. (2 marks)

(b) Find the frequency of motion of this pendulum. (1 mark)
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2 A particle P, of mass 0.4 kg, is attached to one end of a light elastic string, and the

other end of the string is attached to a fixed point A.

(a) The particle P hangs in equilibrium at a point E, vertically below A, where the

extension of the string is 0.2 metres. Calculate the stiffness of the string. (3 marks)

(b) The particle P is pulled vertically downwards from the point E by a distance of

0.1 metres, and released from rest. The displacement of P from E at time t seconds

after being released is x metres.

(i) Given that the string does not become slack during the subsequent motion, show that

€xx ¼ hx

where h is a constant to be determined. (4 marks)

(ii) Hence deduce that the motion of P is simple harmonic. (1 mark)

(iii) Show that the period of this motion is 0.898 seconds, correct to three significant

figures. (2 marks)

(iv) Calculate the maximum speed of P during its motion. (2 marks)
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3 Four identical uniform rods, each of length 2a and weight W , are smoothly hinged

together to form a rhombus ABCD. The vertex A of the rhombus is smoothly pinned

to a fixed support. A light elastic string connects the vertices A and C of the

rhombus. The string is of natural length a and modulus of elasticity 2W . The

rhombus hangs in equilibrium, and the angle between the rod AB and the string is y ,

as shown in the diagram, where 0 < y <
p
2
.

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

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

V ¼ �8Wa cos y þWað4 cos y � 1Þ2 (6 marks)

(b) (i) Find the only value for y for which the system is in equilibrium. (5 marks)

(ii) Determine whether the system is in stable or unstable equilibrium for this value of y.
(3 marks)
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4 A particle P, of mass m kg, moves in a straight horizontal line. At time t seconds,

the displacement of P from a fixed point O on the line is x metres, and P is moving

with velocity _xxms�1 . Throughout the motion, two horizontal forces act on P: a

force of magnitude 4mn2jxj newtons directed towards O, and a resistance force of

magnitude 2mkj _xxj newtons, where n and k are positive constants.

(a) Show that €xxþ 2k _xxþ 4n2x ¼ 0 . (3 marks)

(b) In one case, k ¼ n . When t ¼ 0 , x ¼ a and _xx ¼ 0 .

(i) Show that x ¼ e�nt a cos
ffiffiffi
3
p

nt þ
ffiffiffi
3
p

a

3

� �
sin

ffiffiffi
3
p

nt

� �
. (7 marks)

(ii) Show that P passes through O when tan
ffiffiffi
3
p

nt ¼ �
ffiffiffi
3
p

. (3 marks)

(c) In a different case, k ¼ 2n .

(i) Find a general solution for x at time t seconds. (3 marks)

(ii) Hence state the type of damping which occurs. (1 mark)
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5 A particle P, of mass m, is attached to one end of a light elastic string. The other

end of the string is attached to a fixed point O on a smooth horizontal table. The

string is of natural length a and modulus of elasticity 2mg.

The string is extended to a length 3a, and P is projected on the table at right angles

to the string with speed U , as shown in the diagram.

During the subsequent motion, the polar coordinates of P with respect to O are ðr, yÞ.

(a) (i) Explain why the transverse component of the acceleration of P is zero. (1 mark)

(ii) Find, in terms of a and U , an expression for r2 _yy . (2 marks)

(b) During the motion, the maximum value of r is 4a.

(i) Show that the speed of P in the position when r is at its maximum is
3U

4
.

(3 marks)

(ii) Find an expression, in terms of a, g, m and U , for the total energy of the system at

the moment of projection. (3 marks)

(iii) Hence find, in terms of a and g, the value of U . (4 marks)

(iv) When r is at its maximum, find the magnitude and direction of the acceleration of P.

(3 marks)
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6 A small raindrop is falling through a large stationary cloud. During its motion

through the cloud, the raindrop acquires moisture from the cloud. Air resistance on

the raindrop is negligible.

During this motion, the mass of the raindrop at time t seconds is m kg, and the rate

of increase of m is km kg s�1, where k is a positive constant.

(a) When t ¼ 0 , the value of m is m0 . At time T , the raindrop has doubled its mass to

2m0 , and at this time the raindrop leaves the cloud.

Show that T ¼ 1

k
ln 2 . (4 marks)

(b) The velocity of the raindrop at time t seconds whilst falling through the cloud

is vms�1 .

By considering the change of momentum of the raindrop during a small time interval

dt , show that

dv

dt
¼ g � kv (4 marks)

(c) The velocity v is given by the expression

v ¼ g

k
� g

k
� U

� �
e�kt

where U ms�1 is the velocity of the raindrop when t ¼ 0.

Verify that this expression satisfies the differential equation in part (b). (3 marks)

(d) Given that k ¼ 0:7 and U ¼ 2 , find the value of v when the raindrop leaves the

cloud. (2 marks)
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Answer space for question 6
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There are no questions printed on this page
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