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In this question, you may assume that tFe!

2
The differential equation 4% + 12% +9x = f(¢) is to be solved for t = 0.

— 0 as t — oo for any constant k.

Firstly consider the case f(f) = 9> — 31— 1.
(i) Find the general solution for x in terms of ¢. [9]

You are given that x = 5 and dr _ 0 when ¢ = 0.

dr
(i) Find the particular solution. [4]
(iii) Show that x is positive for all values of t = 0. [3]

Now consider the case f(f) =—48sin2¢— 14 cos 2t.
(iv) Find the general solution for x in terms of 7. [6]

(v) Describe the behaviour of x for large values of . 2]

Take g as 10 in this question.

A particle P of mass 0.1kg is in a liquid and is projected vertically downwards. At time ¢s, the velocity of P
is vms ™' and the depth of P below its point of projection, O, is xm. The only forces on P are its weight and
a resistance force R N. A scientist investigates two different models for R.

In the first model, the resistance is given by R = 0.2v and the initial speed of Pis 2ms ™.

(i) Use this information to form a differential equation involving v and ¢. Solve the differential equation to
show that v = 5—3e ™. [7]

(i) Sketch the graph of v against ¢. [2]

(iii) Find an expression for x in terms of ¢ and hence find the depth of P below O when its speed is
three-quarters of its terminal speed. 7]

In the second model, the resistance is given by R = 0.0625v* and the initial speed of P is again 2ms .
(iv) Find v in terms of x. [6]

(v) State the terminal speed of P and find the depth of P below O when its speed is three-quarters of its
terminal speed. 2]
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3

dy 2
(a) A curve in the x-y plane satisfies the differential equation Ey - % = x*sin2x,

where £ 1s a constant and x > 0.

Firstly consider the case k = 3.

(i) Find the general solution for y in terms of x. 7]
(ii) Given that y = 0 when x = %7[, find the exact value of y when x = %ﬂ' [4]

Now consider the case k£ = 2.5.

(iii) Use Euler’s method, with a step length of 0.1 and initial conditions y =0 when x = 0.5, to

estimate y when x = 0.8. The algorithm is givenby x _, =x +h, y =y +hy. [5]
d
(b) Solutions of the differential equation ay = x? —y are to be investigated using a tangent field.
dy

(i) Show that the isocline for which 1 is a parabola. State the coordinates of its turning point.

dx 2]

d
(ii) In your Answer Book, sketch on the given axes the isoclines for the cases ay =m for
m =0, £ 1,+2. Use these isoclines to draw a tangent field. [3]

(iii) Sketch the solution curve through (0, 1) and the solution curve through (1, 0). 13]

The simultaneous differential equations

dx 4t
- Tx+2y+13e™,

dy _ 7t
o =—9x+y+e

are to be solved.

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

solution for y. [12]

(ii) Given that y =—3 and % = 60 when ¢ = 0, find the particular solution for y. [4]

(iii) Find the corresponding particular solution for x. [2]

(iv) Find the smallest positive value of ¢ for which y = 0. [4]

(v) Show that % — 0 as t— oo. [2]
END OF QUESTION PAPER
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