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PART A

Q1

Q2

Given the data of f(x) = In (x) in the table below.
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x 1.0 1.2 1.4 1.6 1.8
f(x) 0.0000 0.1823 0.3365 0.4700 0.5878
{a) Determine the vafue of In (1.2) by using Lagrange polynomial
Interpolation. (10 marks)
b) Evaluate In (1.1) by using Newton forward difference method.
(5 marks)
(c) Evaluate In (1.7) by using Newton backward difference method.
(5 marks)
Given
y =x+xy, y(0 =1
(a) Solve the above first-order differential equation at x = 0(0.5)2 by using
each methods below.
() Second order Taylor’s series method. (8 marks)
(1i) Fourth-Order Runge-Kutta Method. (8 marks)
(b)  Ifthe exact solution is y(x) = 2¢°5%° — 1, find its errors of cach methods

below. (4 marks)
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PART B

Q3 (a) Obtain the general solution to the linear first order ditferential equation below.

T\ rtand = sectd
dB riant = sec

(8 marks)

(b) According to Newton’s Law of Cooling, if an object at temperature 8°C is
immersed in a medium having a constant temperature M°C, then the rate of
change if 8°C is proportional to the difference of the temperature (M — 8)°C

This gives the ordinary differential equation

46 _ k(M -6
(i) Solve the above differential equation for 8. {4 marks)

(i) A thermometer reading 90°C is placed in a medium having a constant
temperature of 65°C. After 5 minutes, the thermometer reads 85°C.
What is the reading after 20 minutes?

(8 marks)

Q4 (a) By using variation of parameter method, solve

(11 marks)

(b)

2x' 4+ x =3t + 10t .

(9 marks)
/ \76()
2 T4 = 3x 2t o

— 2M -1 =
k/*‘%, 2t for
<2 ~ 3 s

| -
2
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4 ‘
Qs {a)  Find the approximate value for f 1 \/_x% dx using trapezoidal rule by taking

step size h = 0.5 .
(6 marks)

(b) Solve the system below by using the Gauss-Seidal iterative method starting
with x(® = (0 0 0)T.

41x, +9.7x; — 2.1x3 = 20.1
7.5x%; —1.2x, + 3.4x; = 17.8
1.2%; —3.1x; + 9.3x5; = 25.9
(14 marks)

Q6 (a) Explain briefly the procedure how to solve a system of linear equations

Ax = b using A = LU factorization method.

(3 marks)

(b) Given a system of hnear equations as below.

3x;, + 2x, + 9x3 = 28

2x1 — X2 + 6x3 =14
5x1 + 21’2 - 4X3 = —13
Solve the system by using

(1) Doolittle factorization method. (9 marks)
{i1) Crout factonization method. {8 marks)

~END~
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Formulae

Lagrange Polynomial Interpolation

PG) = ) L
i=0

For each k = 0,1,2,3, ...,n with L;(x) = [I" =) and Yroli(x) =1

JR0G%E (;-x))

Newton Forward Difference Method

r(r—1)
2!
rr—1DF—-2)..(r—n)
+ nl

rir=1(-2)
3!

PG) = fo +7hfo + 82fy + Byt

8%,

X—=Xg

withr =

Newton Backward Difference Method

rir+1 r{r+ 1)(r+2)
2! 3!
+r(r + D(r -:1'2) w(r+mn) Y

P (x) = o+ TV + )vzﬁt + ngn + -

X—Xy

withr =

Taylor Series Method

h? h? h™
¥ (i) = YD + Ry () + 30" (1) + 379" () + -+ 3 ()
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Fourth Order Runge Kutta Method (RK4)

1
Yigr =¥ + g(kl + 2k, + 2k3 + ky)

with

ky
2

ky = hf (¥ ko = hf (e +5,3: +

ks = hfGei+ 2,y +2), ke = hf (i + by + ka)

Trapezoidal Rule

b h - b—a
[feow=3|n+n+z) flh==
e i=1
Gauss Seidal Iteration Method
- k+1 )
T X5z @t = B ag; Vi=12
; ” s V2,
Daolittle Factorization Method
A=LU
2281 ﬂ.lz Q43 1 O 0 ull Uy u13
(021 a3 azs) = (121 1 0)( 0wy ups
3 O3z Q33 I3 L 1 0 D g

Crout Factorization Method

A=LU
a1 Oz g3 li; 0O 0 1w, ug
(‘-121 Qyz Qp|=[ly Il O ) (0 1 U
31 Q33 QG33 l31 lgz 133 ] 0 1

)
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Characteristic Equation and General Solution

Case | Roots of the Characteristic Equation General Solution
1 m, and m, ;real and distinct y= Ae"” + Be" "
2 m, =m, =m ; real and equal y=(A+Bx)e™
3 m=a+iff ;imaginary y=¢e“"(Acos fix+ Bsin fix)

Particular Integral of " + 5"+ ¢y = f(x)

J(x)

v, (x)

P(x)=Ax"+--+Ax+ A,

x"(Bx"+---+ Bx+B,)

Ce™*

x"(Pe™™)

Ccos fix or Csin fix

x"(pcos fx+ gsin fx)

P (x) " x"(Bx"+---+Bx+B,)e*"
cos [ x"(Bx"+---+ Bx+ B )cos fix
P{x)-5 or +
sin fix x"(Cx" +---+C,x+C,")sin fix
cos fix
Ce®  -$ or x"e¢®* (pcos fix + gsin fix)
sin fx
cos fix x"(Bx" +---+ Bx+ B)e” cos fix
P,(x)e™ 1 or +
sin fx x(C x" ++-+Cx+C,)e™ sin fix

Note : » is the least non-negative integer (r =0, 1, or 2) which determine such

that there is no terms in particular integral y,{x) cotresponds to the

complementary fanction y_(x).
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Variation of Parameter Method

_ Y1 }’2|
i Yz
u__JJ’zf(x)
- w

a

b= — J’ J’1fvffx)

a

w

dx + A

dx + B

Yy =uy, T vy






