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A particle P, of mass 025 kg, moves away from the origin along the positive x-axis under the
action of a force of magnitude

2x5 1 N directed away from the origin O. When P is at the
origin, its speed is 4ms™!.

(a) Find an expression for x in terms of the speed vms.

(8]
2]
[4]

(b)  Find the value of x when the speed of Pis 6ms.

(c) Find the speed of P when the acceleration of Pis 5ms™.
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A vehicle of mass 800kg is being pulled along a straight horizontal road starting from rest at the
point O, when 7 = 0. At time rs, the vehicle is xm from the point O and its velocity is vms™. The
magnitude of the tractive force can be modelled by 1200(v + 3)~!N. Resistance to motion of the
vehicle may be ignored.

(@) Show that v satisfies the differential equation

dv _ 3
e TvEE g
(b) Show that when the velocity is 3ms™, the vehicle has travelled 15m. [5]
(c) Write down an expression for % in terms of v and hence determine the time taken for the
vehicle to reach a velocity of 3ms~". [4]

(d) (i) Show that the velocity v of the vehicle at time ¢s can be given by

v=-3+9+3.
(iiy  Verify that the vehicle has travelled approximately 9-5m after 7s. [7]
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1.

A particle of mass 400 kg moves along a straight horizontal road under the action of a horizontal

force F. The magnitude of the force F' may be modelled by 500( . l 2) N, where vmsis

the speed of the particle and x m is the distance of the particle from a point O on the road.
(@) Show that the motion of the particle satisfies the differential equation
d

dv(v+ 2)d—; =5x. 2]

(b)  When x = 0, the particle is at rest.
(i) Find an expression for x in terms of v.

(i)  Find the distance of the particle from O and the acceleration of the particle when its
speed is 3ms—1. [9]
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A body of mass 250kg is dropped from a hot air balloon and falls vertically downwards. During
the downward motion, the body is subjected to a resistance to motion of 50vN, where vms-1 is
the speed of the body at time 7 seconds. The initial speed of the body may be assumed to be
zero.

(@) Show that the motion of the body satisfies the differential equation

dv_s,
SdI_Sg V. [2]

(b)  Find an expression for v in terms of 7. Determine the speed of the body when t =5. [7]

(c) Find an expression for x, the distance in metres fallen by the body in 7 seconds. Hence
calculate the distance fallen by the body in 5 seconds. [5]
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A particle of mass 60kg moves along the horizontal x-axis under the action of a horizontal
constant force of 1800N. The magnitude of the resistance to motion of the particle is 120vN,
where vms™ is the velocity of the particle. At time ¢ = 0 seconds, the particle is moving with
velocity 8ms™.

(a) Show that v satisfies the differential equation

dv _
=302, 2]

(b)  Find an expression for v at time 7. Determine the limiting value of v. [7]
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4. Abody of mass 8kg starts from rest and falls vertically under gravity. At time 7 seconds, the body
has fallen through a distance x metres, and its velocity is vms~!. During the downward motion,

it experiences a resisting force of 0-4v2N.

(a) Show that v satisfies the differential equation

dv 2]

196 -2 —20vd

(b) Find an expression for x in terms of v and hence calculate the value of x when the speed
of the body is 10ms™" [6]

(c) Find an expression for v at time ¢ and hence find the value of v when 1 = 2. [8]
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1.

A particle moves along the x-axis such that its displacement x metres at time 7 seconds satisfies
the differential equation

dx _
dt+x_2'

The particle passes through the origin when ¢ = 0.

(a) Find the time when the particle reaches the point x = 1, and determine an expression
for x at time 7. [7]

(b) Hence find an expression for the acceleration of the particle at time 7. [3]
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4. An object P, of mass 0-5kg, moves along a horizontal straight line. The object experiences
a resistive force of magnitude 3v2ZN, where vms—! is the speed of P at time ¢ seconds.
When 7 =0, Pis at a point O and moving with speed 2ms-".

(@)

(b)
(©

(d)

Show that v satisfies the differential equation

dv__
T 6v*. [2]
Find an expression for v in terms of ¢. [4]

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

Determine, in terms of x;, the rate at which work is being done against the resistance when
P is at a distance x metres from O. [3]
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1.

A particle of mass 0-3kg 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 0-12vN,
where vms~' is the speed of the particle.

@
(b)
(©

(d)

dv _

Show that T —0-4(24-5 + ). [2]
Find an expression for 7 in terms of v. [5]
Calculate, correct to three significant figures, the time taken by the particle to reach its

greatest height. [2]

Write down the differential equation satisfied by v and 7 on the downward motion of the
particle. 1
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5. A particle of mass 72kg moves along a straight horizontal line. At time ¢ = Os, it is at a point
O and moving with velocity 1ms=1. When the particle has a velocity vms™1, it is subjected to a
tractive force of 108vN and it experiences a resisting force of 12v3N.

(a) Show that v satisfies the differential equation

9y —v? = 6v% ,
where xm is the distance of the particle from O. [3]

(b) Find an expression for v in terms of x and hence determine the approximate value of v
when x is large. [8]
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A particle is moving along the x-axis. At time ¢ = 0 the particle is at the origin O, its velocity is
12 ms™ and its acceleration is —16 ms™. At time 7 s, the particle is x m from O and its velocity
vms~' satisfies the equation

where A and B are constants.
(a) Find, in terms of A, B and x, an expression for the acceleration of the particle at time #s. [3]
(b) Show that A=9 and B = 108. [3]

(c¢)  Find an expression for 7 in terms of x. 4]
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A car of mass 800kg is initially at rest on a straight horizontal road. The car is then pushed by a
man with a constant horizontal force of 400 N. The resistance to the motion of the car has
magnitude 16 v*N, where vms™ is the speed of the car at time 7 s. The man pushes the car until it
reaches a speed of 2ms™.

(a) (1) Show that v satisfies the differential equation

dv_25-v
dr =50

(i)  Find, correct to two decimal places, the time for which the man pushes the car. [9]

(b) Form another differential equation and determine, correct to two decimal places, how far the
man pushes the car. [7]




