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1.

A particle moves along the x-axis such that its displacement x metres at time t seconds satisfies
the differential equation

dx + x = 2.
dt
The particle passes through the origin when t = 0.
(a) Find the time when the particle reaches the point x = 1, and determine an expression
[7]
		for x at time t.
(b)

Hence find an expression for the acceleration of the particle at time t.

[3]

2.

Two particles P and Q, of mass 3 kg and 7 kg respectively, are attached one to each end of a
light inextensible string. Initially, the string is slack and the particles are at rest on a smooth
horizontal surface. The particle Q is then projected across the surface with speed 8 ms–1 away
from P along the straight line passing through the initial positions of P and Q. Find the speed with
which the particles begin to move immediately after the jerk and determine the impulsive tension
in the string during the jerk.
[6]

3.

The function x satisfies the differential equation

d 2 x − 6 dx + (10 − k ) x = 1 k(k − 5)(12t − 26) ,
dt
50
dt 2
where k is a constant. When t = 0, x = 8 and

4.

dx = 16 . Find x in each of the following cases.
dt

(a)

k = 5.

[5]

(b)

k = 0.

[5]

(c)

k = 10.

[8]

An object P, of mass 0.5 kg, moves along a horizontal straight line. The object experiences
a resistive force of magnitude 3v2 N, where v ms–1 is the speed of P at time t seconds.
When t = 0, P is at a point O and moving with speed 2 ms–1.
(a)

Show that v satisfies the differential equation

dv = – 6v 2
.
dt

[2]

(b)

Find an expression for v in terms of t.

(c)

Obtain an expression for v in terms of x, where x metres is the distance of P from O at
[5]
time t seconds.

(d)

Determine, in terms of x, the rate at which work is being done against the resistance when
[3]
P is at a distance x metres from O.
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[4]

3
5.

The speed v ms–1 of a particle moving along the x-axis is given by

v2 = – 4x2 + 8x + 21.

6.

(a)

Show that the motion is simple harmonic and write down the centre of the motion.

[5]

(b)

Show that the period of the motion is π seconds and determine the amplitude.

[4]

(c)

Given that when t = 0, the particle is at the centre of the motion and moving with positive
velocity, write down an expression for x in terms of t and calculate the time taken for the
[4]
particle to reach x = 3 for the first time.

A ladder AB, of length 8 m and weight W N, rests with one end A against a vertical wall and
the other end B on horizontal ground. The ladder makes an angle α with the horizontal
3
where tanα = . The coefficient of friction between the ladder and the wall is λ and the coefficient
4
of friction between the ladder and the ground is μ.
(a)

Consider the case when the ladder is uniform. Given that λ = 0 and the ladder is on the
[4]
point of slipping, determine the value of μ in this case.

(b)

Consider the case when the ladder is non-uniform and its centre of mass is x m from A.
Given that λ = μ = 0.6 and the ladder is on the point of slipping, calculate the value of x
in this case.
[10]
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