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INSTRUCTIONS TO CANDIDATES
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Answer all questions.
Take g as 9·8 ms –2.
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A particle of mass 0.3 kg is projected vertically upwards with an initial speed of 40 ms–1. At time
t seconds, the resistance due to the atmosphere acting on the particle has magnitude 0.12v N,
where v ms–1 is the speed of the particle.

dv = –0.4(24.5 + v).
dt

(a)

Show that

[2]

(b)

Find an expression for t in terms of v.

(c)

Calculate, correct to three significant figures, the time taken by the particle to reach its
greatest height.
[2]

(d)

Write down the differential equation satisfied by v and t on the downward motion of the
particle.
[1]

[5]

A particle P is moving in a straight line with Simple Harmonic Motion. It starts from rest from a
point A and, 5 seconds later, it reaches its maximum speed of π ms–1.
(a)

Show that the amplitude of the motion is 10 m.

[4]

(b)

Write down the maximum magnitude of the acceleration of P.

[1]

(c)

Calculate the speed of the particle when it is 6 m from O, the centre of the motion.

[3]

(d)

Determine the distance from A of the particle 4 s after the start of motion.

[4]

(e)

Points X and Y are equidistant from O and are 8 m apart. Calculate the time taken for P
to proceed directly from X to Y.
[4]

The diagram shows a particle P lying on a smooth plane inclined at an angle of 30º to the
horizontal. Particle P is connected to another particle Q, by means of a light inextensible string
passing over a smooth light pulley fixed at the top of the plane. Particle Q hangs freely. The
mass of P is 26 kg and the mass of Q is 23 kg. Initially, the particles are held at rest with the string
just taut.
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The system is then released. When particle Q has descended a distance of
m, it strikes the
16
horizontal floor.
(a)

Find the acceleration of the particles immediately after the system is released.

[6]

(b)

Calculate the speed of P at the instant Q strikes the floor.

[3]

(c)

Given that P does not reach the pulley in the subsequent motion, determine the speed
with which the system starts to move after the string becomes taut again and calculate
the impulsive tension in the string.
[6]
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4.

Solve the differential equation

d2 x
dx
,
2 + 2 dt − 15x = 30t − 19
dt
where x = 10 and

5.

dx
= −31 when t = 0. Hence find the value of x when t = 1.
dt

A particle of mass 72 kg moves along a straight horizontal line. At time t = 0 s, it is at a point
O and moving with velocity 1 ms–1. When the particle has a velocity v ms–1, it is subjected to a
tractive force of 108v N and it experiences a resisting force of 12v3 N.
(a)

Show that v satisfies the differential equation

9v − v 3 = 6v

dv ,
dx

		where x m is the distance of the particle from O.
(b)

6.

[13]

[3]

Find an expression for v in terms of x and hence determine the approximate value of v
when x is large.
[8]

A man is climbing a uniform ladder 8 m long. One end A of the ladder rests against a rough
vertical wall and the other end B rests on rough horizontal ground. The coefficient of friction
between the ladder and the wall is 0.4 and the coefficient of friction between the ladder and the
ground is also 0.4. The ladder is inclined at an angle of 60º to the horizontal. The weight of the
man is 4 times the weight of the ladder. Determine how far the man can climb before the ladder
is on the point of slipping.
[10]
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