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Q1 (a) Choose an appropriate set (SET A or SET B) by giving reason and analyse the

system of linear equations of the chosen set by using Gauss-Seidel iteration

method. Use an initial guess of x=1, y=1, and z=1. Do all calculations in 3

decimal places.

SET A SET B
-3 1 1 1 3 2 -1 10
[3 2 =7 H - [1J [—-1 5 2 [Y] =135
2 =5 11tz 2 1 -1 -1llz i
(10 marks)
(b) Given a function of 1 meter length steel beam’s defection as follow:

f(x)=e*+a,

where a is the last digit of your matrix number (example: AFxxxxxa).

)

(i)

(iii)

Interpret the above polynomial and complete the Table Q1(b). All data
must be in 4 decimal places.

(4 marks)
From the answer in Table Q1(b), estimate the deflection of the beam at
0.4 meter by using Newton’s divided-difference method.

(4 marks)
If a data (0.5, e™* + a) is added into the Table Q1(b), estimate the
new deflection value of the beam at 0.4 meter.

(7 marks)

Q2 (@) A cubic function is given, as follow:

@

(ii)

fx)=x+3)%x-2)
By taking h = 0.1, determine SIX (6) approximation values of the
slope function at x = —1.1 using appropriate difference formula. Do
all calculations in 3 decimal places.
(14 marks)
Based on answer in Q2(a)(i), suggest the method that provide the best

approximation.
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Q3

Q4

()

(b)

(2)

(b)

Given the equation of the irregular curve of stream, y = 16x? sin (x).
Approximate the stream cross-sectional area of irregular shapes from x = 0 to

X = g into 5 equal intervals by using accurate Simpson’s rule and express the

absolute error. Do all calculation in 3 decimal places.
(10 marks)

The force on a yacht mast can be presented by the following function:

F=[0H200(7j_z)e‘zz/”dz

where z is the elevation above the deck and H is the height of the mast. By
considering / = 30 + m, which m is referring to the last digit of your matrix
number (example: AFxxxxxm), compute F using 2-point and 3-point Gauss
quadrature. Do all calculation in 4 decimal places.

(13 marks)
Given matrix T:

3 2 3
T = (2 6 6) ; where ¢t = [(last number of your Matric No.) + 2]
3 6 t

(1)  Find characteristic equation for matrix T
(3 marks)
(ii) Determine the dominant eigenvalue, and its corresponding eigenvectors
using the Power Method. Let v(O = (1 1 1)"and stop the iteration
until [my,q —my| < 0.0005 or after five iterations, whichever comes
first. Do all calculations in 4 decimal places.

(9 marks)

The problem of noise pollution in Kuala Lumpur has become more serious due to
the development of transportation systems, construction, and industrial activities.
Malaysia’s Department of Environment (DOE) had imposed a noise limit of 60
decibels (dB) to protect the population from this urban noise. The noise level in

Kuala Lumpur is given by the following differential equation:
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dL 1
dt  0.001 -a -In(10) - L

where L is the sound pressure level in decibel (dB) and « is the last digit of your

matric number (for example: AFxxxxxa). If the last digit of your number is zero
(0) then take a = 1.

(1) Estimate the noise level in Kuala Lumpur from year 2022 to 2030 by
using the fourth order Runge Kutta method with the increment of 2
years. Assume that the noise level in 2022 is 50.0 dB. Do all
calculations in 3 decimal places.

(10 marks)

(i)  Based on the answer in Q4 (a), are the noise levels acceptable in
future built environment of Kuala Lumpur? J ustify your answer.

(2 marks)

(b) Given the partial differential equation (PDE) that use for bearing capacity
resistance of 10m pile foundation in 10 minutes is

62

at

u d%u
= 6ax2 0

(1) Based on the criteria of variables and partial derivatives, justify the
category of the above PDE.

(3 marks)

(i)  Using the above equation for 0 < x < 10, 0 < ¢ < 10, with boundary

conditions, u(0,t) =u(10,t) =0 for 0 <t < 10, estimate the

bearing capacity of the pile by using the explicit difference method.

Ju(x,0)
a

sindnx for 0 <x <10, h = Ax = 2.5m and k = At = 5 minutes.

Assume that the initial conditions u(x,0) = sinmx,

Do all calculations in 3 decimal places.
(10 marks)

- END OF QUESTIONS -
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Table Q1(b): Polynomial for steel beam deflection.

X

0

0.25

0.75 1.0

fxX)=e*+a
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FORMULAS
System of linear equations
cqe . bi~Yit a ™oy g ®
Gauss-Seidel 1terat10n:xi(k+1) == I - L

Interpolations
Newton’s divided difference : fi[O] =f, i=0,1,--,n

=)
f;:D]:fL+1 fi j=1,2--,n

Xi+j—Xi

f@) =R = ™+ R —20) + {20 — 2) (e — 1) + - £ — x0)(x — 21) o+ (x — 2 )

Numerical Differentiation
First derivative,

2-point foward difference (%) = f—-(x-%

. ff(x,) ~ Fx)—f(x—h)

2 — point backward difference =

. fr(x) - flx+h)—f(x—h)

3 — point central difference 5

et =3f(xX)+4f(x+h)—f(x+2h)
O

3 — point forward difference

et ~, F&x—2R)—4f (x—h)+3f(x)
) =

3 — point backward difference i

5 — point central difference : i) L0 S0 B BB TGl
p ’ 12h

Second derivatives,

. Fx—h)—2f(x)+f(x+h)

) = It

3 — point central difference

~f(x—2h)+16f(x—h)—30f(x)+15f(x+h)—f(x+2h}
121°

5 — point central difference () =
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Numerical integration
Simpson’s% rule

5 3
Simpson’s = rule

:xn

2-point Gauss Quadrature

3-point Gauss Quadrature

Eigenvalues
Power Method : v*+1 =

where

Second Order Linear PDEs

kZ

b=x,
. reoe~3 fo+fn+4z frz )
2.4y = f;"f(x)dx ~ %(f0 +3fi+3L+f3)

| " a2 fg+fn+32(fgl 2+ foin) +2 Z 2

ME+1

Ordinary-differential Equations (ODEs)
Fourth-Order Runge-Kutta Method (RK4)

Partial Differential Equations (PDEs)

d%u
Wave Equation : ( = 2) T

Ujj—1 =20 jF U g

= [ F@dx =~ (fo +4f, + f5)

n—2

i odd i even

(3)-

n/3

L g@dr = [g(-2) +g(%)]

L 9Godx = Eg (‘ﬁ) +39(0) +2g (\E)]

—Av®, k=012

1
VYitr = Yi + o (ke + 2k + Zks + ky)

Iy

ey = hf (v ko = hf (% +2,y+2)
h k
ks =hf (i +2,%+2) ke =hfGr+hy; +ks)
42ty p 2 BT+ Fu=G
dx

62
= (%),
B

.. WUjmq, j=2Uj j+ Uity
= =
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