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Given sin(\/;)+x =x2.

(1) Find the interval of the roots of the nonlinear equation from the following
intervals:

[1.1,1.3],[1.1,1.5] and [1.1,2.0].

(i)  Hence, find the root of the equation by using Bisection Method. Do your
calculations up to 3 iterations only.
(11 marks)

An engineer needs 4800m’>, 5810m> and 5690m® of sand, fine gravel and coarse
gravel, respectively, at a construction site. There are three sources where these
materials can be obtained and the composition of the material from these sources is
shown on Table Q1.

Table Q1
%Sand %Fine gravel %Coarse Gravel
Source 1 10 60 30
Source 2 25 20 55
Source 3 65 20 15

(i)  Form a system of linear equations based on the above problem.
(i)  Hence, how many cubic meters must be hauled from each source in order to
meet the engineer’s needs? Use Gauss Seidel Iteration method to solve this

problem. Do your calculations up to 3 iterations only.
(14 marks)

A polluted lake has an initial concentration of a bacteria of 107 parts/m’ , while the

acceptable level is only 5x10°parts/m’ . The concentration of the bacteria will
reduce as fresh water enters the lake. The differential equation that governs the
concentration C of the pollutant as a function of time (in weeks) is given by
%+0.06C =0,C(0)= 107

Using the Runge-Kutta 4* order method, find the approximate concentration of the
pollutant after 3.5 weeks. Take a step size of 3.5 weeks.

(14 marks)
@) Use the differential equation in Q2(a) to show that
C (t) — 107 e—0.0Gt
(Hint: Use Separable Equation Method).
(i)  Find the exact concentration of the pollutant after 3.5 weeks.
(11 marks)
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Q3 (a) Use Simpson’s % Rule to approximate the area bounded by the graph of
f(x)=cos’x

between x=0, x=3 and x -axis. Usen = 6. Give your answer to 3 decimal places.

(Hint: Area= iﬂ:f(x) -g (x)] dx).

(10 marks)
(b) Solve the system of linear equations below by Cholesky Method.
5x, +2x, =2;
2%, 4+ 5%, +2x,=2;
2x, +5x, =8.
(15 marks)
) . . dy xX*+y
Q4 (a)  Solve the differential equation e ,y(1)=1.
Xy
(Hint: Use Homogeneous Equation Method).
(12 marks)
(b)
Table Q4
X 2.1 2.4 2.6
f(x) 0.521 0.510 0.381

Based on the data in Table Q4,

() find the Newton’s interpolatory divided-difference polynomial and
estimate the approximate value for f (2.5) .
(i) find £(2.5) if £(2.0)=0.510is added in the data given in Table Q4.
(13 marks)
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FORMULAS
Nonlinear equations
) ] + b,
Bisection: ¢, = 4 5 ~,i=0,1,2,...
Newton-Raphson method :  x,,, =x, — & ,i=0,1,2,...
()

System of linear equations:

Gauss-Seidel Iteration:

P b — alzxz(k) - a13x3(k)

1

an

) _ g x®

(k1) _ b, —a,x
x2 =
ay

(k+1) _ a32x2(k+])

(k+1) _ b, —a, x,
x3 =
Qs

Ordinary differential equations

Initial value problems:

Fourth-order Runge-Kutta Method:  y,,, =y, + —é—(k] +2k,+2k, +k,)

k
where &, =hf(x,, 3,) b= HfG 42,y + )

k3=hf(xi+g,y,+k72) k,=hf(x,+h, y, +k;)
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Interpolation
Newton Divided-difference Method

R,(x)=f0[°] + £l (x—x0)+f0[2] (x—xo)(x—xl)+...+f0["] (x=x)(x—x).-(x—x,,)

il x f( xi) — f’_[O] fi[I] fi[2] fi[3]
f[xo,x]] f[xo:xvxz] f[xo’xl’xz’x3]
0 x f[xo] _ f[xll_f[xo] _ fl:xl,x2:|—f[x0’xl] =f[x1ax29x3]_f[xosx1’x2]
X, — X, - X, — X, X3 — X
f[xl’x’.’] f[xvxz’x3]
Hoxa | fls] | _flel-sa] | _ flen]-Sxn)
X, — X, X; — X,
f[xpxs]
2| x flx] _ flx]-rf[x]
X3~ X,
31 % f[x3]

Numerical Integration:

n-1 n-2
Simpson’s % rule: jbf(x)dxz-;’_[fo LA 42D fl
a i=l j=2

iodd ieven

Simpson’s % rule:

I:f(x)dxz%h[fo + LA A it it St L) F2 i [t fog+ fo)]




