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Question 1

(a) Show that y =
√

x4 + 2x is a particular solution of the differential equation

y′ =
2y

x
−

3

y
.

(8 marks)

(b) Determine the solution of the initial value problem

dy

dx
=

1

x2 + 7x + 12
, y(0) = 0

by the method of direct integration. (8 marks)

(c) Given the initial condition y(0) = −1, find the particular solution to the dif-
ferential equation

dy

dx
=

xtan(x2)

2y
.

(8 marks)

Question 2

(a) Use the integrating factor method to find the general solution to the linear,
inhomogeneous differential equation

dy

dx
= 2xy + xe2x

2

.

(10 marks)

(b) Show that the differential equation

(x − y2) + (2xy + x2y3)
dy

dx
= 0

is not an exact differential equation. (7 marks)

(c) Use the integrating factor µ = 1/x2 to determine the general solution (in
implicit form) of the differential equation given in part (b). (9 marks)
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Question 3

(a) Find the solution to the linear, second-order differential equation

y′′ + 2y′ − 3y = 0

that satisfies the initial conditions y(0) = −1 and y′(0) = 1. (8 marks)

(b) Find the general solution to the inhomogeneous differential equation

y′′ + 2y′ − 3y = 5 sin(3x) .

(6 marks)

(c) Find a particular solution to the inhomogeneous differential equation

y′′ − 3y′ + 2y =
e3x

1 + ex
.

(10 marks)

Question 4 Consider the linear two-dimensional system of differential equations

y′1 = 2y1 − 3y2, y′2 = 3y1 + 2y2 .

(a) Solve the eigenvalue problem of the corresponding two-dimensional matrix, i.e.,
compute the eigenvalues and eigenvectors. (10 marks)

(b) Determine the general solution of the system of differential equations. (2 marks)

(c) Find the values of the constants of integration such that the solution satisfies
the initial conditions y1(0) = 2 and y2(0) = 1. (4 marks)

(d) Express the corresponding solutions y1(x) and y2(x) of the system of differential
equations in terms of real-valued functions. (6 marks)

(e) Calculate the gradient (slope) of the solutions y1(x) and y2(x) of part (c) at
x = 0. (4 marks)

End of Paper
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