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1  The differential equation
4(31—?;“ +88 130 = £()

is to be solved.
Consider first the case where f(7) = 4¢*".

(i) Find the general solution for x. [7]
(ii) Given that when =0, x = 6 and % =—4, find the particular solution for x. 4]
(iii) Given that x has a minimum value, find the value of ¢ for which this minimum occurs. [4]
Now consider the case where f(¢) = 4¢ .
(iv) Given that when ¢ =0, x = 6 and dr _ —4, find the particular solution for x. 9]

dr

2 (a) The differential equation
xay —3y =x"cosx

is to be solved.

(i) Find the general solution for y in terms of x. (8]

(i) Find the particular solution for which y = 0 when x = %ﬂ . [2]
(b) Now consider the differential equation secx% -3y*=0.

(i) Find the particular solution for which y = 1 when x = %7[ . 17]

(ii) Show that the maximum value of y is 1. 2]

d
(¢) Now consider the differential equation secxay —3y* = x, where y =0 when x = 1.

This is to be solved numerically using Euler’s method. The algorithm is given by

xr+1=xr+h’ yr+1:yr+hyr'

Use a step length of 0.01 to estimate y when x = 1.02. [5]
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3 Anparachutist of mass 90kg falls vertically from a stationary helicopter. When he is xm below the helicopter,
his velocity is vim s”'. The forces acting on the parachutist are his weight and a resistive force of magnitude
0.36v"N.

(i) Show that his motion can be modelled by the differential equation

dv

v = 98- 0.004v°. 2]

(i) Solve this differential equation to show that

v =2450(1—e 0%, [6]
(iii) Sketch the graph of v against x. [2]
(iv) Find how far the parachutist has fallen when his speed has reached 48 m s 2]

The parachutist opens his parachute when his speed is 48 m s The forces acting on him now are his weight
and a resistive force of magnitude 72v N.

(v) Find an expression for v in terms of ¢, where ¢ is the time in seconds that has elapsed since the parachute
was opened. [8]

(vi) Find the distance that the parachutist falls during the first 5 seconds after his parachute has opened.
[4]
4  The simultaneous differential equations

%=x—y+3cost

dy .
i Sx—y—12sint
are to be solved for ¢ = 0, where ¢ denotes time.

(i) Eliminate y to obtain a second order differential equation for x in terms of ¢. Hence find the general

solution for x. [12]

(i) Find the corresponding general solution for y. 13]
Whent=0,y=02md%=5.

(iii) Find the particular solutions for x and y. [4]

(iv) Find the time that elapses between the first two occasions on which x = y. [5]

END OF QUESTION PAPER
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