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Instructions:

1. This booklet contains FIVE (5) questions in SECTION A, THREE (3)
questions in SECTION B and TWO (2) questions in SECTION C.
Answer ALL questions.

2. All answers should be written in answer booklet.
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SECTION A (50 MARKS)

INSTRUCTION: ANSWER ALL QUESTIONS.

QUESTION 1

The graph of f(x)=2xcos2x~(x—2)" over the interval is shown in Figure 1
below. Find the least positive root of f(x) below with |x —x,|=1 by using

Secant method. lterate until | £ (x,,)

Y
Iy

<0.005.

54

Figure 1: A graph of f(x)=2xcos2x—(x-2)’

(13 marks)

QUESTION 2
Given a system of linear equation,

10x+3y-2z=17
x+6z=17
2x—6y+z=27
Use the Gauss Elimination Method to solve the above system of linear

equations. (10 marks)
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QUESTION 3

Evaluate the following definite integral,
7
J\/1+x+x2 dx
1

by using the Trapezoidal Rule with 6 subintervals. (6 marks)

QUESTION 4
(a) Approximate the values of the first derivative of the following function,

f(x)=e"Inx

at point x=2.5 with step size, #=0.1 using:

i. 2-point forward, (2 marks
ii. 3-pointforward, (2 marks
i 3-point central, (

)
)
2 marks)
iv. 5-point central difference formula. (2 marks)

)

(b) Calculate the percent relative error for each approximation obtained in (a

using the analytical solution, f(x)=¢*" (1nx+2L). (5 marks)
X
QUESTION 5
Given a data set of sine function in Table 1.
Table 1

0.5 1.5 2.5
0.4794 0.9975 0.5985

Find the approximation value of f(2) by using second order Lagrange

interpolation polynomial method. (8 marks)
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SECTION B (30 MARKS)

INSTRUCTION: ANSWER ALL QUESTIONS.

QUESTION 1

Solve the following system of linear equation below by using LU Factorization

method.

10 =2 1\(x) (5

3 4 0flx|=| 9

2.0 T)\x) (-4 (12 marks)
QUESTION 2

Determine the value of «, b, ¢ and d in the table below by using the Newton’s

divided difference method.
X)) f[x x/+1] f[x x;+1’x;+2]
-0.8475 d

1 1.4 a 0.32

2 1.6 b c

3 2.0 0.693

(7 marks)
QUESTION 3

Compute the following definite integral

1 j x(x3 —1) dx

5 -2

(a) analytically. (2 marks)

(b) using an appropriate Simpson’s rule with step size, #=0.25 and give a
reason why you choose that method (8 marks)

(c) calculate the percent relative error obtained in (b). (1 mark)
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SECTION C (20 MARKS)

INSTRUCTION: ANSWER ALL QUESTIONS.

QUESTION 1
The following Table 2 gives the values of distance traveled by a car at various

times from a toligate at highway.
Table 2

Time, ¢ 3 5 7 9 11 13

(minute)

Distance
Estimate the acceleration of the car at time =9 minutes by using all the

4.6 6.03 | 12.966 | 14.885 | 18.904 | 21.041

appropriate formulas in Table of Difference with a suitable value of step size, A.
(6 marks)

QUESTION 2

Figure 2: water tank
Figure 2 shows a spherical water tank of radius, R=4 m is emptied through a
small circulation hole of radius, » =0.2m at the bottom. The top of tank is open
to the atmosphere. The instantaneous water level, H in the tank (measured from
the bottom of the tank, at the drain) can be determined from the solution of the

following ordinary differential equation (ODE):

dH _ ri\2gH

dt  2RH-H*'

where g =9.81m/sec’ and the initial height is 6.5 m. Determine the height of
water for 0 <z <150 by using Heun’s method with time step, 50 sec. (14 marks)

END OF QUESTION
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FORMULA

Percent Relative
Error

Exact — Approximate ' <100%
I 0

Exact
S t method ) =X ‘.
seantmeme xi+2 = x”f(.XH‘l) A’H.lf(kl) for l:O> 1:27 3)--.
f(xm)‘f(xi)
LU Factorization A=LU
method LY =B
, UxX =Y
Lagrange B .
Interpolation Pﬂ(x)‘ Z L (x) /(%) fori=0,1,2,3,...
Polynomial method ; (x_x )
where L (x)= /

U=

J#

Newton’s Divided-
Difference method

So(2) = f (50)+(x=20) £ [x05 3, |+ (x = x0 ) (x =3, ) f [ g 20 %5 ] + ..

+(x=xp ) (x=x).. (x- n—l)f[xoa‘)”l’ K15 % ]
where f[xi,xi+1]=f( i)~ /(%)
Xl =X
VAT LA R AEE and so on.
Xiva — X

Trapezoidal Rule

J.:f(x)dxz-i— f0+f"+2n2f}

Simpson’s Rule

n—l n—2
fo+fn+4Zf,.+2 Zf

i=
Odd term

J.:f(x)dxz—g

Even term

n—1 n-3

Lf( )dx~— fi+f, +3Zf+ ZZf

mulnple of three

Runge-Kutta Order
2 (RK2) method

h
Vi =Y +“2'(k1 +k2)

where
k, :f(xi’yi)
k,= f(xi +h,y, +k]h)
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