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1 (a) The displacement, x m, of a particle at time ¢ seconds is given by the differential equation

d*x dx
— +2— +5x =4¢€.
dr? dr TN

(i) Find the general solution. [9]

The particle is initially at rest at the origin.

(ii) Find the particular solution. [4]

(b) The differential equation

d3y d2y dy
is to be solved.

(i) Show that 1 is a root of the auxiliary equation and find the other two roots. Hence find the
general solution. [S]

d
Whenx=0,y=1anday=—4. Asx — 00,y — 0.

(ii) Find the particular solution subject to these conditions. [4]

(iii) Find the value of x for which y = 0. [2]

2 (a) The differential equation
dy 2
— +2xy=¢e" si
I T2y =¢e7 sinx
is to be solved subject to the condition x =0, y = 1.

(i) Find the particular solution for y in terms of x. [9]

(i) Show that y > O for all x and that y has a stationary point when x = 0. State the limiting
value of y as |x| — oo. Hence draw a simple sketch graph of the solution, given that the
stationary point at x = 0 is a maximum. [6]

(b) The differential equation
dy
— +2xy=1
ax Y
is to be solved numerically subject to the condition x =0,y = 1.

(i) Use Euler’s method with a step length of 0.1 to estimate y when x = 0.2. The algorithm is

givenbyx , =x +hy =y +hy. [4]
02
(ii) Use the integrating factor method and the approximation J €' dx ~ 0.2027 to estimate y
0
when x = 0.2. [5]
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3  The differential equation

d
ay + ky = cos 3x,

where k is a constant, is to be solved.

(i) Find the complementary function. Hence find the general solution for y in terms of x and k. [8]

d
(ii) Find the particular solution subject to the condition that d_)yc =1 whenx =0. [4]

Now consider the differential equation

d
d—z +ky =2e7*,

(iii) Find the general solution. [6]

Now consider the differential equation

2
&y ,dv _

(iv) Using your answer to part (iii), or otherwise, solve this differential equation subject to the

d
conditions that y = 0 and ay =1 when x = 0. [6]

4  The populations of foxes, x, and rabbits, y, on an island at time ¢ are modelled by the simultaneous
differential equations

dx
i 0.1x+ 0.1y,
dy
— =-0.2x+ 0.3y.
dr Y
) Show that & _0.4% 4 0.05x = 0 [5]
7 A . =0.

(ii) Find the general solution for x. [4]
(iii) Find the corresponding general solution for y. [4]
Initially there are x,, foxes and y,, rabbits.

(iv) Find the particular solutions. [4]

(v) Inthe case y, = 10x,, find the time at which the model predicts the rabbits will die out. Determine
whether the model predicts the foxes die out before the rabbits. [7]
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