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PART A: ANSWER ALL QUESTIONS

Q1

Q2

a) State a suitable numerical method that can be used to determine
(1) The largest eigenvalue
(ii)  The smallest eigenvalue
(2 marks)
b) Given
10
A=| 8 4
10 2
(i) Evaluate the largest eigenvalue and its corresponding eigenvector using an
appropriate numerical method. Use x,=( 0 )’ and iterate until
| s 5 =4, |E 0L,
(10 marks)

(ii)  Compare the obtained solution in Q1(b)(i) with reference to the solution given
by the characteristic equation in terms of absolute error.
(8 marks)

The temperature distribution in a tapered conical cooling fin as illustrated in Figure Q2 is
described by the following differential equation, which has been nondimensionalized

dLu(E)( du)_y
e \N&
where u = temperature (0 <u <1), x = axial distance (0<x<1), and p is a non-dimensional

parameter that describes the heat transfer and geometry. The differential equation has the
boundary condition #(x=0)=0 and u(x=1)=1.

(a) By dividing the axial distance into six equidistant nodes, construct the differential
equation using central finite difference approximation. Use p = 10.
(8 marks)

(b) Determine the temperature at all nodes using finite difference approach. You have to
use the Thomas Algorithm to solve the obtained system of linear equations.
(12 marks)
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Q3

A straight metal bar of length 2.5 cm is illustrated in Figure Q3. The temperatures on
its ends are maintained for 2 seconds. The initial temperatures of the bar are shown in
the figure. The temperature at point A is maintained at 100°C while point F is maintained
at 5°C. This bar is fully insulated on its surface so the heat transfer occurs only in its
longitudinal axis. The unsteady state heating equation follows a heat equation, given as:

oT K o’T

i — =0
ot ox”

where K is thermal diffusivity of material and x is the longitudinal coordinate of the bar. The
thermal diffusivity of the material is given as 0.03125 cm? /s.

(a) By using Implicit Crank Nicolson method, deduce that the temperature distribution
along the metal bar for every 1 second is given as

~T(x-Lt+D)+18T(x,t +)-T(x+Lt+1)=T(x-1,0)+14T (x,0) + T (x +1,1)
(9 marks)

(b) Draw clearly the finite difference grid to predict the temperature of all points up to 2
seconds. Label all unknown temperatures in the grid.

(6 marks)

(c) Construct the simultaneous equations based on Implicit Crank Nicolson method to
determine the temperature of points A, B, C, D, E and F when time is 1 second. You do
not need to determine the unknown temperature of each point.

(5 marks)
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PART B: ANSWER TWO (2) QUESTIONS

Q4

The differential equation for steady state condition of heat conduction through a wall
with considering internal heat generation is given by

AT G
a1
dx*  k

where T = temperature (°C), x = position (cm), G = internal heat source (W/em?), and k =
thermal conductivity (W/cm/°C). An experimental work was done and the temperatures of the
wall at specific positions were measured and tabulated in Table Q4(a).

Table Q4(a): Wall temperature at different positions

-3.00

x (cm) -2.25 -1.50 -0.75 0.75 1.50 2.25 3.00

7(C) | 40.00 42.81 44.82 46.03 46.03 44.82 42.81 40.00

(a) Conclude that by using data from x=-1.5 to x=1.5, the Newton’s divided difference
interpolation polynomial is given by:

T(x)=-0.7170x" + 46.4334

Subsequently, predict the temperature at x=0.
(10 marks)

(b) By using Secant method, determine at which position the temperature of the wall will
become 46°C. Start with the interval [-1.5 0.75]. Iterate the calculation until
|5 = [ 03

(10 marks)
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QB (@

(b)

The distance x, measured in metres, of a downhill skier from a fixed point is measured
at intervals of 0.25 sec. The data gathered is shown in Table Q5.

Table Q5: The distance of a downhill skier from a fixed point at different times

1 X
0.00 0.00
0.25 4.30
0.50 10.20
0.73 17.20
1.00 26.20
125 33.10

Utilize numerical differentiation using 2-Point Forward Difference to approximate the
skier’s velocity and acceleration at each value of time.
(10 marks)

A new prototype rocket engine test show that the distance covered by a rocket from
t =8 sec to t =30 sec is given by

30
x= j (2000111( il j—9.8t)dt
) 140000 —2100¢

Comparing two and three points Gauss Quadrature, investigate which method gives the
highest accuracy (in terms of relative error) in predicting the distance covered by a
rocket from t = 8 sec to t = 30 sec.

(10 marks)
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Given the following system of linear equations:

2 2 3 0)\(x 1
System 1: i 2P

1 8 0 9 x =5

0 3 1 8){x

2 X, 9
System2: |1 3 J x, |=]2

0 2 % 8

-2 3 ¥ 19
System3:| 4 3 17| x, |=| 7

0 8 -5 )\x 0
(1) Classify the system of linear equations into two ditferent categories.

(2 marks)

(i)  Determine which system of linear equations can be solved by LU
Decomposition: Thomas Method (Variant 1) and solve it subsequently.

(8 marks)
Given the initial value problem as follows:
Y_ Vo x=0(02)06
dc x+2
Solve the initial value problem with initial condition y(0) =1 using
(1) Euler’s method
(5 marks)
(i)  Modified Euler’s method
(5 marks)

-END OF QUESTIONS-
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/ u(x=1)=1

Figure Q2
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Figure Q3
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FORMULA
Secant Method: x, , = Xy (%) =Xy (%)
y(x)=y(x.)
Thomas Method (Variant 1):
(d e 0 -+ 0] [y, 0 O 0][1 B 0 0 |
c, d, e - 0 ¢, a, 0 010 1 4
B & - 0 |=]0 q 010 0 0
: : n-1 en—] ; an—l 0 . ' 1 ﬂn-l
100 ., d,] 10 0 ¢, «,]0 0 0 1 |
Thomas Algorithm:
i 1 2 n
di
ei
cl
b
a, =d,
al = di cl i-1
ei
p=
ai
= —
,
- bz —CiYia
i ai
xn = yﬂ
Xi =Yi = PiXin
Newton’s Divided Difference Interpolating Polynomial:
Y(x)=ay+a,(x—x,)+a,(x —x,)(x—x,) + a5 (x — x, )(x — X, )(x — x;)
ey ropey pe, gy W T
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FORMULA

Yt h) = y(x)

2-Point Forward Difference: y'(x E

Gauss Quadrature:

¥ =1 - O+ (+)x,]

1:{ﬁ;ﬁy:
9 s

I, = RP(G) + Rp(5)) +... + R ()

B ad R
1 0.0 2.0
2 0.5773502692 1.0
3 0.7745966692 0.555555556
0.0 0.888888889
k
Power Method: {V}k+1 = [AJ{V}
ksl
kel _ [A]_l {V}k

Inverse Power Method: {/'} 7
Characteristic Equation: det(A-AI)=0
Euler’s Method: y(x,,)=y(x,)+hy'(x,)

Modified Euler’s Method:

f(xiﬂyi):y’(xi)

1 1
Yin =yi+5k1+’2_k2
kl :hf(x,-»y,-)

ky=hf(x,+h,y,+k)

Numerical Differentiation: y, = % y =2 —th;’ a2
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