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Differential Equations — 1st-Order (Integrating

Factor & Separation)

Every first-order differential-equation question from the legacy WJEC M3 papers (2009-2017)
that maps onto new-spec A2 Unit 4 Topic 8 (2.4.8 first-order linear DEs and separation of
variables).
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Estimated time for entire question pack: ~1h 32m
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Question1 WJEC M3 June 2009 - Q1 10 marks

1. A body, of mass 9kg, is projected along a straight horizontal track with an initial speed of 20 ms .
At time 7 s the body experiences a resistance of magnitude (0-2 + 0-03v) N where v ms ™' is its

speed.
(a) Show v satisfies the differential equation
900 ¥ = (20+3 -
- =— + .
ar ~ 20+
(b)  Find an expression for ¢ in terms of v. [5]

(c) Calculate, to the nearest second, the time taken for the body to come to rest. (2]



Question 2 WJEC M3 June 2011 - Q1 11 marks

A vehicle P, of mass 800kg, on a straight horizontal road passes the point O with velocity

Sms . At time s later its velocity is vms ' and the vehicle is subject to a resistance given by
(4000 + 1600 v) N.

(a) Show that v satisfies the differential equation

dv

a——(5+2v). 2]

(b) (1) Find the time when P is at rest.

(1)  Find an expression for v in terms of 7.

[9]



Question 3 WJEC M3 June 2014 - Q1 10 marks

1. A car of mass 1200kg is initially at rest on a straight horizontal road. The car moves under the
action of a horizontal tractive force of 500 N. The resistance to motion of the caris 100v N, where

vms~1 is the speed of the car at time ¢s.
(@ Show that the motion of the car satisfies the differential equation
dv _5-v
dr~ 12 2]

(b) Find an expression for v in terms of ¢ and write down the limiting speed of the car.

[6]

(¢) Calculate the time taken for the car to reach a speed of 4ms". 2]



Question 4 WJEC M3 June 2015 - Q1 11 marks

1. Aparticle of mass 400kg moves along a straight horizontal road under the action of a horizontal
force F. The magnitude of the force /' may be modelled by SOO(HLZ) N, where yms—' is
the speed of the particle and xm is the distance of the particle from a point O on the road.

(@ Show that the motion of the particle satisfies the differential equation

dy(v+ Z)S—; =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]



Question 5 WJEC M3 June 2016 - Q1 9 marks

1. 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~1.

(@ Show that v satisfies the differential equation

dv _
d—‘;—30—2v. 2]

(b) Find an expression for v at time ¢. Determine the limiting value of v. [7]



Question 6 WJEC M3 June 2017 - Q1 10 marks

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

dr |y =2

dr
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]

(b) Hence find an expression for the acceleration of the particle at time . [3]



