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Q1

Q2

Q3

(a)

(b)

(@)

(b)

Approximate the value of 7 using bisection method.

(9 marks)

Use the Gauss-Seidel iteration method to approximate the solution of the following
system of linear equations.

S5x, —2x, +3x; =-1
2%, — x, = 7Tx;= 3
—3x, +%,+x, = 2

Continue the iterations until two successive approximations are identical when

rounded to three decimal places.
(11 marks)

For a function £, the divided-difference table from Newton’s Divided-difference
Method are given by

Table Q2(a)
x,=21 | fixs]= A flxgxq] = —0.037 | flxpxy,%x,] = —1216
r, =24 | f[x,]= B flxy.%]=C
x, =2.6 | f[x,]= 0381

(1) Determine the values of A, B and C in the above table.
(3 marks)

(i)  Interpolate the value of f(2.5)
(2 marks)

Construct a natural cubic spline, if S(x) interpolates the data of (-2,2), (0,4) and

(3,1). Then estimate f{1.5).
(10 marks)

An object is dropped at various distances of x (m) is measured at time, £ intervals of 0.2s.

The data gathered is,
Table Q3
Time, t (sec) 0 0.2 04 0.6 0.8 1.0 1.2
Distance, x (m) 0.0 34 8.2 13.8 21.1 26.5 31.3

Estimate the object’s velocity at time, t =1 using an appropriate difference formulas. Give
the answers to 1 decimal place.

(10 marks)
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Q4

Q5

Q6

(a) Given
4 3 0
A=|3 4 -1|.
0 -1 4
By takingv'¥ = (1 1 O)T , calculate the largest Eigen value and the corresponding
Eigen vector by using a power method.
(5 marks)
5. ysd ' 2y 2 . . 20x2
(b) The initial value problem )’ = o xy”, y(1) =5, has unique solution y(x) = e
x —
Approximate the solution at x = 2 using the fourth order Runge-Kutta method with
the same step size 4 =0.2 and estimate the absolute error.
(5 marks)
p 2
(a) Given f(x) = sinx. Approximate J.O a (f'(x)) dx by using
(1) 2-point Gauss-quadrature
(ii) 3-point Gauss-quadrature
(9 marks)
(b) Solve the boundary value problem, )"+ xy= x’—=, 1<x<2, with boundary
X
conditions, 4y(1)+»'(1)=0, and 3y(2)+2)'(2)=0. Derive the system of
linear equations in matrix-vector form by finite difference method (do not solve the
system). Use 1= Ax=0.2.
(11 marks)
. . ou 40°u . ..
Given the heat equation 7 = = e 0<x<1, t>0 with boundary condition « (0,7) =0
t X

and u (1,7) =¢ and the initial condition, u (x,0) = x(1 — x) . By using explicit finite-
difference method, solve the heat equation up to first level only (1 <0.01) by taking
Ax=h=02 and Ar=k=0.01

(15 marks)
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Q7

A system of 10-cm thin rod subject to fixed boundary conditions with a continuous heat and
finite-element representation consisting of four equal-length elements can be seen in
FIGURE Q7. The boundary conditions of 7(0, ) = 40 and 7(10, 7) = 200 and a uniform heat
source of flx) = 10.

The element equations are given as

dT (x ) ¥*2
1 {1 —1}{”_ —— . j F(X)N,(x)dx
x-x|-1 1] a763) [ [* o, e
Element snb‘{'ness matrix dx o ! .
Boundary External effects
condition

with interpolation function, N

X, — X
Nxz":—and Nz:

X, — X X, — &

Develop the element equations for the rod by employing four equal-size elements of length
= 2.5 cm. If the boundary conditions 7 follows 7' = 2ax + b, find the element equations in a

and T.
(10 marks)

-END OF QUESTION-
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f(x)

70, 9

A

(@)

X=0

FIGURE Q7
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FORMULAE

Iteration formula for bisection method
a,+b,
Ci = .
2

Gauss-Seidel iteration formula
(k) (k)

ey b —apx, " —apx
xl =
ay
(k+1) *
x (k+1) _ bz ay X — Xy
. —
ay,
(k+1) (k+1)
wn by —ayx, —dnX,
x3 =
ds;

Newton’s Divided-difference method

Pa(x) = [xg] + [ [20:21](x = 20)
+ flxg %0, %a] (x— 2)(x— x)Ho . Hf X0 X s, X (= ) (X — 2p) o (X — 7)

Cubic spline interpolation

i = Xpy1 — % k}0,1,2,3,....,n~1,

d. = Fres— Iy
K hy
b, = 6(dy.qy —dy), k=0,123,.......0 - 2,

homy, + 2(hy + Ryy 1 )Mpsq + Rygmyr = b, k=0,1,23,...,n-2
m Mie+1 fi ™
S = g}i (Xpes1 — x)* +6_,;;1;:(x —Zp ) (};;_‘-6_ k) (xies1—%)

m
+ (&il_ e hk) (x—1,), k=0123,...,n—1
h, 6
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FORMULAE
Method Difference Formula
2 point forward f&+h)—fix)
2 point backward fix) - Jfl x—h)
3 point central Flx+ h;,; — flx—h)
3 point forward —f(x+2i5 +4f(x+h)—3f(x)
3 point backward 3flx) —4fx —2 ﬁ) + f(x—2h)
5 point —flx+2n) + ?z?(x +h)—8fx —h) + Fix —2h)
12k

where,

k, :hf(xi’yi)

2-Point Gauss Quadrature

3-Point Gauss Quadrature

j.f(x)dx ~ clf(x1)+czf(x2)+c3x3 “%g(_ %

Fourth-order Runge-Kutta method

YVia = Vi +wk, + w,k, + wk; + w,k,

k, = hf(xi +c,h,y, +a21k1)
k.= hf(x,. +c,hy, +ask, +a32k2)
k, = hf(xi +c,h,y; +auk +ayk, +a43k3)

[ s~ e, f () +e, /() = g[— %j o g[-ﬁ]

1

j+gg<o>+gg(@
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