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The displacement, x m, of a particle at time t s is given by the differential equation
d2x
dx
+ 2x = 30 cos 2t .
2 +2
dt
dt
(i) Find the general solution.

[9]

The particle is initially at the origin, travelling with velocity 10 m s−1 .
(ii) Find the particular solution.

[4]

(iii) Find the amplitude of the oscillations of the particle for large values of t.

[2]

Consider now the differential equation
d3x
d2x
dx
+
= 0.
2
3
2 +2
dt
dt
dt
(iv) Show that 0 is a root of the auxiliary equation and write down the other roots.
(v) Find the particular solution of this differential equation subject to the initial conditions
dx
d2x
= 10 and 2 = 4 when t = 0 .
x = 0,
dt
dt
(vi) Sketch the graph of this solution.
2

[2]

[5]
[2]

The population, P, of a species at time t hours is to be modelled by a differential equation. The initial
population is 100.
At first, the model

dP
- 0.25P = 0 is used.
dt

(i) Find P in terms of t and comment on the suitability of this model.

[4]

To allow for certain environmental effects, the model is refined to
dP
- 0.25P =- 18e -0.5t .
dt
(ii) Write down the complementary function for this differential equation. Find a particular integral and
hence state the general solution.
[6]
(iii) Find the solution subject to the given initial condition and comment on the suitability of this refined
model.
[3]
The following mathematical model for the population is now used.
dP
= 6 # 10 -4 P ^400 - Ph
dt
(iv) Solve this differential equation subject to the given initial condition, expressing P in terms of t.

[8]

(v) Show that the time T hours at which P = 200 is given by
T=

25
ln 3.
6

(vi) What does this model predict for the population of the species in the long term?
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(a) The equation of a curve in the x-y plane satisfies the differential equation

^x + 1h

dy
- xy = e 2x
dx

for x 2- 1.
(i) Show that an integrating factor for this differential equation is e -x ^1 + xh and hence find the
general solution for y in terms of x.
[11]
The curve passes through the point ^0, - 2h .
(ii) Find the equation of this curve.

[2]

(b) The differential equation
dy
1
= 2
dx x + y 2
is to be solved approximately, first by using a tangent field and then by Euler’s method.
dy
= 4 is a circle and state its centre and radius.
[2]
dx
dy
dy 1 dy
= 4 . Use these isoclines to draw a
= ,
= 1 and
(ii) Sketch the isoclines for the cases
dx
dx 4 dx
tangent field.
[3]
(i) Show that the isocline for which

(iii) Sketch the solution curve through ^0, 1h .

[2]

Euler’s method is now used, starting at x = 0 , y = 1. The algorithm is given by x r + 1 = x r + h ,
y r + 1 = y r + hy rl .
(iv) Use a step length of 0.05 to estimate y when x = 0.15 .

[4]

Question 4 begins on page 4
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The simultaneous differential equations
dx
+ 2x = 4y + e -2t
dt
dy
+ 3x = 5y + 2e -2t
dt
are to be solved.
(i) Obtain a second order differential equation for x in terms of t. Hence find the general solution for x.
[12]
(ii) Find the corresponding general solution for y.
When t = 0 , y =-

[4]

dy
2
= 0.
and
3
dt

(iii) Find the particular solutions for x and y.

[5]

(iv) Find the set of values of t for which y 2 x .

[3]
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