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Q1

Q2

Q3

Q4

Given a nonlinear equation f(x) = cos(x) + x*.

(a) By using Intermediate Value Theorem (IVT). choose which of following 2
intervals that contains the root for f(x) = 0.

—l=x<-075 ofr —025<x<0

(4 marks)

(b)  Hence. estimate the root of f(x) = 0 by using bisection method. Iterate until
|f(x)| < 0.005.

(6 marks)

A biologist has placed three strains of bacteria (denoted I, 11 and III) in a test tube,
where they will feed on three different food sources (A, B and C) every day. Each
bacteria consumes a certain number of units of each food per day. The number of units
consumes and the number of food sources are shown in the Table Q2. Let x4. x5 and
x4 denoted as Bacteria Strain 1, Bacteria Strain 11 and Bacteria Strain I1] respectively.

(a) Form a system of linear equations in (augmented matrix form) based on the
above problem.

(2 marks)

(b) Hence. calculate the number of bacteria of each strain that can coexist in the test

tube and consume all of the food by using Gauss elimination method.
(8 marks)

A tutoring service has kept records of performance on a standardized test and the
number of days students attend their review classes as in Table Q3. The performance
rating } represents the percent improvement in the test score students attain after taking
the exam a second time. X' is the number of attendance days in the review class. By
assuming Y = f(X) is the true function relating X and Y, use Newton’s divided
difference method to estimate /(10) . that is the % improvement in one's score after 10
days of attending review classes.

(10 marks)

A set of discrete data is given in Table Q4.

(a) By taking # = 0.2, find approximate values of y'(1.5) by using
2-point backward difference. 3-point forward difference and 5-point difference
formulas.

(b) Then. find approximate values of y"(1.5) by using 3-point central difference

and 5-point difference formulas.

(10 marks)
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Q5

Q6

Q7

Q8

Given the function f(x)=e¢" —2x. Compute the following integration by using

3 o . . .
g Simpson’s rule with 9 subinterval.

=

fifxe)

dx
g B
(10 marks)
o0 11 -5]
Given the matrix, A=|-2 17 -7 | and it dominat eigenvalue, Aigrgess = 4-018.
-4 26 IUJ

(a) Find A.s‘mlwd"

(b) Hence. determine the smallest eigenvalue. Agnamest ©f A and it corresponding
eigenvector by using shifted power method. Use initial eigenvector,
v" = (1 1 1) and stop the iteration when |m,_, —m, | < 0.005.
(10 marks)

(a)  Sketch the 3D-graph of the function, f(x) = x? + y* — 3.
(2 marks)

(b) Calculate the area of the shaded region R in Figure Q7(b) by using polar
coordinate.
(8 marks)

Lvaluate the volume of the solid in the first octant which bounded by 4x + y + 2z = 4

and three coordinate planes.
(10 marks)

— END OF QUESTIONS —
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Table Q2: Bacteria Strains and the Number of Food Sources

Bacteria  Bacteria  Bacteria Number of
Strain I Strain II  Strain III Food Sources
‘ Food A 4 2 0 350
Food B 0 2 5 500
Food C 5 3 ] 600

Table Q3: Record of Attendance Days and Performance in Test

[7Attendancc days (X) 1 3 -+ 7 11

. % improvement(¥) | 3 7 13 20 34
T Table Q4
O x [ 11 1.3 1.5 1.7 1.9
| y(x) | 0672 3.527 9.891 22.438 45.146

Figure Q7(b)
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Formulas
Nonlinear equations:

r—— a+b .
Bisection method @ ¢, = ————.71=0,1.2. ...

Interpolation:
Newton divided difference:

P =94 fWx—x )+ B —x ) —x) + o+ I =2 o =3 )l = x, )

Numerical differentiation:

First derivative:

2-point backward difference: /'(x) = ”"_}”‘_ﬁl
7
= f(x+2h)+4 f(x+h)=3f(x)

2h

3-point forward difference : /'(x) =

= f(x+2h)+8f(x+h)-8f(x—h)+ f(x—2h)
12h

S-point difference : Y x)

i Second derivative:

Jx+h)=2f(x)+ f(x-h)

3-point central difference : f"(x)= p
2

= f(x+20)+16 f(x+h)-30f(x) +16f(x—h)— f(x-2h)

124°

5-point difference : f"(x)=

wn
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Formulas

Numerical integration:

| w

h -% I : '2 3 4 5 -: -4 ;“" e n=2 2o
Simson’s Rule: r _/'(x)dx':.gh JotJo j((*/;+>];~_+-fﬂ :{ | Jatty 1):{
] L s W R Y g o R

Eigenvalue
Power Method : v\*"" :—]—Av”’. k=012
.
Shift Power Method : A>]1|llcd =A-—sl, ’;"smullcal = Ashmcd Ty F= /:*largcsw
Multiple Integrals
Polar coordinates: x =rcosf. v=rsind, x* +y" =r°, 0<6<2r

_”_f(.\'._r} dd = ”f (r.6)rdrdéd
R R
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