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Table Q1 (a) shows the settlement of Batu Pahat municipal solid waste
landfills over 5-years period.

(i) Develop the natural cubic spline by using data given in the table.
(14 marks)
(i1) Based on Q1(a)(i) verify that > (3) and f3 (3)=19.
(1 mark)

The experimental result for a cantilever beam’s deflection response to the
exposure to a 10 kN/m load are shown in Table Q1 (b). Given the slope of the
beam is # = d'(x) and the bending moment of the beam is M = 6’(x)

(i) By using 3-point central, 3-point forward and 5-point central
formulas, approximate the values of the slope of the beam at 3.0 m
length. Do all calculation in 4 decimal places.

‘ (3 marks)
(i1) Based on Q1(b)(i), identify the method that could be capable of
generating the most accurate approximation and provide a
justification to support your answer. Given the exact solution of the

slope of beam the is 0.0625 x* — 1.125x% + 6.73 x.
(5 marks)

(iii) Evaluate two (2) approximate values of bending moment of the beam
at the deflection of 34 mm. Do all calculation in 4 decimal places.

(2 marks)

Approximate f03 2 + sin(2vx)dx by using an appropriate Simpson’s rule with
n = 9 and state your reason. Do all calculations in 3 decimal places.

(10 marks)
Gl o f3 2t2 dt _ fl (x+2)2
VeR )i srerr ¢ = Ly 3+3(x+2)*
(1) By taking t = M, show that the two integrals above are
equivalent.

(5 marks)
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Q3

Q4

2t2

(i) Then, find the value of ff =

Gauss Quadrature formula. Find the absolute error for each point if
the exact solution is the answer base on calculator. Do all calculations
in 3 decimal places.

dt by using the 2-point and 3-point

(10 marks)

The stability of the bridge construction can be calculated and determined by the natural
frequency of a bridge system (smallest magnitude eigenvalue) and its corresponding
eigenvector in the matrix form as:

5 =2 1
C= [—2 2 0]
Z =2 B

(@ Usev® = (1 0 1)and stop the iteration until |m;,, — my| < 0.005. Do
all calculations in 3 decimal places.

(25 marks)
(a) Fourth order Runge-Kutta (4'"-RK) method:
(i) Solving a first Ordinary Differential Equation (ODE) using the RK4.
dy _ ~0.3x
from x = 0 to x = 2.5 with the initial condition y = 3 at x = 0.
Using h = 0.5.
(6 marks)
(@i1) Sketch the RK4 results with the exact (analytical) solution:
70 43
s =B =1
r=gr 9 ¢
Using h = 0.05.
(9 marks)

(b) Consider a steel rod AB of 4 meters long, with taking Ax =h = 1, is subjected
to a temperature of 0°C at the point A (left end) and is maintained at 10°C at
the point B (right end) until a steady state of temperature along the bar is
achieved. At t= 0s, however the end of point B is suddenly reduced to 0°C
while the other points are kept at the same temperature. By taking k = At =0.2s
until t = 0.4s only, use the implicit method to solve the heat equation:

ou du?
at  9x?
(10 marks)

1 -END OF QUESTIONS-
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Table Q1(a)
Year 1 2 3 5
Soil settlement (cm) 3 6 19 99
Table Q1(b)
Beam'’s length, x (m) Beam’s deflection, d (mm)
0.5 0.7979
1.0 3.0156
1.5 6.4072
2.0 10.7500
2.5 15.8447
3.0 21.5156
35 27.6100
4.0 34.0000
4.5 40.5791
5.0 47.2656
5.5 54.0001
6.0 60.7500
Formulae
Nonlinear equations
s oy (x—x41)(x—~x3) (x—xp) =
Lagrange Interpolating : L; = e flx) =
Xia LG f (x)
Newton-Raphson Method : x;,; = x; — j{,(('?_)), =2
System of linear equations
Gauss-Seidel Iteration:
Gery) _ Doy "?&:__ e 5° i 123, .n.
Interpolation
Natural Cubic Spline:
by = Xppq — X
d =£ﬂ-_j___ﬂ ,k=0,1,2,3,...,n‘_‘1
hy
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bk = 6(dk+1 i dk),k = 0,1,2,3, iy T 2,

When; my =0,m, =0,
hkmk + Z(h.k o hk+1)mk+1 + hk+1mk+2 = bk,k —_ 0,1,2,3, e (L 2

Sie) = G Gors = 20° + 2 (6 = 0% + (= ) (sa = 2)
+ (%’f,:—l——m';“ hk) (x—x) ,k=0123,..n—1

Numerical Differentiation

2-point forward difference: f'(x) ~ f.___(”h;“f )

2-point backward difference: f'(x) =~ —f G)-f@x=h)

f(x+h)- f(x h)

2h
—f(x+2h)+4f (x+h)—3f(x)

3-point central difference: f'(x) =

3-point forward difference: f'(x) =~
37 (x)—4f (x—h)+f(x—2h)

3-point backward difference: f'(x) =~
f(x+2h)+3f(x+h) Bf(x—h)+f(x—2h)

5-point difference formula: f'(x) =
flx+h)— 2f(x)+f(x h)

3-point central difference: f''(x) ~

hZ
5-point difference formula: f"'(x) ~ o (x*'h)_ig_‘l: (zx)“sf (x—h)—F(%~2h)
Numerical Integration
Simpson = ~ Rule : f fx)dx = 7 [fo +h+4EE f+2YE ;]
L odd i even

Simpson-z-Rule 3 fa fx)dx = gh [((fo+f)+3(i+fatfatfs+ -+
fa—zt fa1) ¥ 2(fa + fo + -+ frs]
2-point Gauss Quadrature: f; g(x)dx = [g ( 7))ty ( J_)]

3-point Gauss Quadrature: f;g(x)dx = I%g (—J;) + ;g((}) + gg (\E)]

Eigen Value
Power Method ; v*+1) =
ME+1

Shifted Power Method :v®+1) =

Avfk) k=012..
shlftedv( ) k = 0 1 2 ..

Mp+1

Ordinary Differential Equation
Fourth-order Runge-Kutta Method : v;,1 = y; + % (fey + 2k, + 2k5 + ky)
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where ky = hf(x,y)  kp = hf(xi+5,y +2

h k
ke =hf(a+2.3+2) k= Af e+ by + k)

Partial Differential Equation
Heat Equation: Finite Difference Method

(Bu) _ ( az ) Ujj+1 — Uij o Uj_q,j = 2Uj 5 + Uiy j

at ¢ ox K h?
Heat Equatlon Crank-Nicolson Implicit Finite-Difference Method

(au) B 62 )
at fJ’+_ ax Lf %

Ujjer — Uij _ €7 (ui—l,j+1 = 2U;jy1 F Ui j41 o My = 2u;; + ui+1,j)
k 2 h? h?
Poisson Equation: Finite Difference Method
%u %u\ Uppry — 285+ Upmgj  Upjaq — 2855 + Uy joyg
3 ), (5) =1 W v 2
=0
Wave Equation: Finite Difference Method
(Ez_u) _ ( ,0%u ) Wjjog = 2U 5+ Upjer o Uqj— 25+ Uiy j
az) ~\" o) 2 e s
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