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Q1

Q2

(2)

(b)

(©)

(a)

Show that the Midpoint method and the Modified Euler method give the
same approximations to the initial-value problem
Y= yixil], 0£x<], y(0)=1,
for any choice of 4. Why is this true?
(10 marks)

Solve the following initial value problem by using Adams-Bashforth
Three-Step Explicit wethod. Use exact values to find y(0.2) and y(0.4).
y

'=1+2, 1<x<2, y()=2, with h=0.2.
y P )

Compare the results to the actual values by finding the absolute errors if
the actual solution is
y(x)=xInx+2x.

(10 marks)

The following methods can be used to solve an ODE x'= f(¢,x) .
; 1

(1) xn+1 = xn + 5 [f(tn > xn) + f(tn+1’ xn + f(tn > xn)h)] h '
. 1

(11) xn+1 = xn + _2- [3f(tn b ‘xn) - f(tn—l > xn—l)] h :

1
(i) x,,=x + 5 [fx)+ WX, R

For each method, determine if it has the following properties: single-step

method, implicit met% odﬁmcbkwﬁfjaﬁ)wethod.
| A LN n _,, (5 marks)

Given a symmetric matrix

51 2
A=I1 0 1].
2 15
(1) Find the dominant eigenvalue and corresponding eigenvector for

matrix 4 by using power method with +* (1 | l)T and

£=0.005.
(i)  Find the smallest eigenvalue (in absolute value) and corresponding
eigenvector for matrix A by using shifted power method with

v =(111)" and £ =0.005.
(10 marks)
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(b)

(©

Q (@

(b)

BWA 20903

Find the interval of which the eigenvalues of matrix 4 below are contained
by using Gerschgorin’s theorem.

5 0 0 1
I 0 -1 1
A=
-15 1 2 1
-1 1 3 -3

(9 marks)

Find the integral between x=1.0 and 1.8 for thc data in Table Q2(c)
using Simpson’s 1/3 rule with 2=0.4 and then with /2 =0.2. From these
two results, extrapolate to get a better result using Romberg interpolation
method.

Table Q2(c)
X 1.0 1.2 14 1.6 1.8
f(x) 1.54 1.81 2.15 2.58 3.11

(6 marks)

The following four equations are proposed to compute 21" . Rank them in

order, based on their apparent speed of convergence, assuming x, =1.

x’-21 x*—21x (21j
X)=x— , ,(X)=x— ,
gl( ) 3X2 g_( ) x2_21 3( )
(8 marks)
Given a system of linear equations as below:
2x, + 4x2 —, i %\
4XI " ' ’E_/‘M
2x, — 3x2 +6x;
(1) Write down the equations in matrix form Ax= B,
(ii) Solve the system by using Doolittle method.
(iii)  Given that the inverse of 4 is
-9 21 -5
A=t a6
14 -14 14
Determine and analyse the condition number of 4.
(17 marks)
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Q4

(2)

(b)

(©)

a 1 0
Let A=|p8 2 1].
01 2

Find the conditions or values of & and [ for which
(1) A 1s singular.
(i)  Aisstrictly diagonally dominant.
(iii) A4 is symmetric.
(iv) A is positive definile.
(8 marks)

Consider the data (0,0), (0.5, @), (1, 3) and (2,2). Use Lagrange
polynomial interpolation to find the value of e if the coefficient of x° in
the polynomial is 6.

(13 marks)

Stale Lhe weakness of using Lagrange polynomial interpolation and the
advantages of using Newton’s divided difference when constructing a
polynomial.

(4 marks)

- END OF QUESTIONS -
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Midpoint method:
Vi = Vi +h,, i =0,1,2,...
where
ky = hf (x;5 ¥;)

h k
k,=hf(x,+—, y, +—
2 .f(xz 2 yz 2)

Modified Euler method:

1 1
Yin =V +Ek1 +5k2

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

Adams-Bashforth Three-Step Explicit method:
Vi =Vi+ % [23/ (e 9) =16 (%1, Y1) + 51 (5izs 2100)]
Eigen value:
Power Method o - L v® . k=0,1,2 M y‘qflgm \

1 . e
Shifted Power Method: A, = Lalgest %{cﬁ o

Gerschogorin’s theorem:

n=>la,l Dy ={zeCz-a,|<r}, ZkeUD, fork =1,2,...,n
j=1

=1
J#i
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Integration:

n—1 n=2

% Simpson’s rule: | f(x)dx zg fo+f+4Y £ 423 f
a4 i=2

i=1
fodd ieven

Romberg method: ](h,l hj = 1[4](l hJ —I(h)},
2 2 2
where I(h)=1, 1(%%1):12 and I(h,%hj=]3.

Lagrange polynomial interpolation:

(x_xj)
(xi _xj)

P(x)= Y L(x)f(x)i=012,.,n where L(x)=]]
i=0 j=0

i
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