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PART A

Q1

Q2

BSM 2253

Given the set of data:

(a)

(b)

(c)

(a)

(b)

x 1.0 1.3 1.6
Six) 0.890 | 0.765 | 0.294

Approximate f(1.4) by using Lagrange Interpolating Polynomial.
{6 marks)

Approximate f({1.4) by using the appropriate Newton Difference method

(either Newton Forward Difference method or Newton Backward Difference
method).

(8 marks)

If f(1.5)=0.452 is added in the data above, approximate f(1.4) using
MNewton Interpolating Divided-difference Method.
(6 marks)

Given the first-order ordinary differential equation as below:

x'-4y=x'e where 1= x< 2,
with initial condition (1) =0.

(i} By taking a step size of i = 0.2, solve the differential equation by
Optimal method.
(8 marks)

(ii) The exact solution for the above problem is y = x"(e” -e). Find the
absolute error between the exact solution and the solution obtained in

part (a) (i).
(3 marks)

Given the first-order ordinary differential equation as below:
¥'= ¥ Cos x, where 0=x =<1,
with initial condition 1{0)=1.
By taking a step size of A = 0.2, find the values of y(x) by second order
Taylor series method.
(9 marks)
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PART B
Q3 (a) Solve the differential equation below
dy [ -x J w—
dr =%t }_I—le
[Hint : I I = dr=sin" x+C ]
l1—x*
(10 marks)
(b)  Solve the differential equation below by using the method of homogeneous
equation.
xaﬁ,'—ydx—nvxz -y'dx=0.
. 1 o :
[Hint : de=sin" x+C ]
'[w | —x*
(10 marks)
Q4  Solve the initial value problem below by using variation of parameter.
Y =5y"+6y=—e"; y0)=»'(0)=0.
(20 marks)

Q5

Given J: 2+ cr:rs(w.-'rﬂ)dr :

(a)

(b)

(c)

By using the methods below, if appropriate, find the approximate value for the
integral with n = 10 subintervals.
(i) trapezoidal rule,
(i1) 1/3 Simpson’s rule,
(iii) ~ 3/8 Simpson’s rule.
(15 marks)

i
Find the exact solution for L 2 + cos(+/2x )dx by using your calculator.

Hence calculate the absolute error and relative error (in percentage) for
answer in (a) (i).
(4 marks)

Suggest a way to reduce the error in calculating the definite integral by
trapezoidal rule.

(Imark)

Lad
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Given the system of linear equations,

6x, + 3x, = 6
dx. + lx, — 2% =
-2x, + 8x, = 5

(a) Write the system in matrix form, 4 x = B. Then, show that the matrix 4 is
positive definite by checking the following conditions:

(i) A isnonsingular ( or |4 #0),
(i) a,>0, Vi=1,23
p
(i) max|a, |<max|a, |,
B ET]

(i‘l"} {alf }2 = al.'a” 1 'vl i*.lr. = I“' 2“" 3'
ie

(7 marks)

(b)  Solve the system by Cholesky factorization method.
(13 marks)
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System of Linear Equations
Crout Factorization: A= LU

(au d; & - aln\ o 00 0 01wy, w By
| B3 Hg gy un gy Ly I, 0 S I R ulnl
@y My Wy oot (Bl e L 0 000G 0 ! Uiy |
e L e, 0 . i ~
ay @y Qg ccoa, ) \, Ly, L, Low AO 0 0 1 J
Doolittle Factorization: 4= LU
dy i 4 a,| (1 0 0 0Vouy oy, wyy uy,
& Gy Gy a,, by, 1T B | "L TR U, 1
s s [ 8o = s 0 | | s, |
: : af : A8
By Dy i) ohe g Ty 1o 0 0 u, J
Cholesky Factorization: A= LU
(a, a; a oy, fh 00 04 hy i In
dy Oy dy gy Ly I 0 0 1, I b,
@5 B Qi a- =1k & & O 90 O & i
: S ol - :
Qg Gy Gy = Oy I.lrl ‘Inz En3 s Emr 0 0 0 Im:
Interpolation
Lagrange interpolation : P, (x) = Z"n;L, (x)f, for k=0,1,2,3,....n with L (x) =1‘!{(f :Z*}}
e j=0 (X; = X;
i
Newton’s interpolatory divided-difference formula:
P (x)= £+ [Mx=%p) + T (2= ap Xx =3 )+ (= NE =2, ) (B = %, y)

Newton forward difference Melh:}d

P.(x)= f, +7Af, + ” N, +L1;(!f;2_lasﬁ % rtr—l}(r—j)---{r—n)ﬁ%
which »=2_"¢
MNewton backward difference Method :
R A
which » = i

Numerical Integration
Trapeziod rule : rf‘{x} dy = —[fn +f, + 22_{]

1=1

v.lrj;
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=1 =2
Simpson % Rule:ff{x}dfrzg Bt LF 42f1 - Ez,fr
’ e
3w 3T L) UGS S et fuat i)
Simpson Eruie. Jﬂf{x}drwghl; FOL s, )

Ordinary Differential Equation
Initial Value Problem:

Taylor Series Method: y(x,,, )= y(x)+m/(x,)+ %y"[x, Yot h;Ty['”(x, )
! n!
Optimal Method y,,, =y, + ikl + %kz where & =hf(x, »,)

k, =hf(x, +gh, ¥, +%k|}
. 3 3



