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Determine if the function

2 2

x4y

N e

is continuous at (0,0).

(4 marks)
By using double integrals, evaluate
f (x+y)dA
R
given that R is the region bounded by y = Jx and y=x.
(6 marks)

By using spherical coordinates, calculate the volume of the solid bounded above by
sphere x* + y* +z* =2z and below by cone z = /x* + »* .
(10 marks)

Given the graph of the function f(x)=x* +4sin(2x) -2 over the interval -3 < x <3
as in Figure Q2(a). Compute the largest positive root of the equation by using
bisection method. Iterate until f(c,) <0.005.
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Figure Q2(a)
(10 marks)

An oscillating current in an electric circuit is described by the following equation
i=9e™ cos(2ni),
where ¢ is in seconds. By assuming; 1237 ampere and taking the value of ,=03,
determine the value of ¢ by using Newton-Raphson method. Iterate until
|f(t,.)[ <0.005.
(10 marks)
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Q3

Q4
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Given a system of linear equations as below.

~-Tp—2g—-4r=-3
dp+qg+6r=9
2p-5¢-r=-9

Solve the above system by using Gauss-Seidel iteration method. Use initial guess as
;
(-0.6 1.4 2.5).

(10 marks)
Consider the following vectors
A=pi+qj, B=-2i+j and C=+3/,
where 4 is an unknown vector. Given that
(A x B)+ (4dxC)=(2p-3q)i + 14k.
Compute the vector A by using Gauss elimination method.
Lo
[Hint: axb= a a,=(ab,—a,b)k ]
b b
(10 marks)

A rod is rotating in a plane one of its ends. Table Q4(a) gives the angle 0 radian
through which the rod has turned for different values of time, ¢ seconds. Calculate its
angular velocity when t = 0.7 seconds by using Newton’s divided difference
method.

Table Q4(a) : The angle, 8 through which the rod has turned at time, ¢

t (seconds) 0.2 0.4 0.8 1.0
0 (radian) 0.12 0.48 2.0 3.20

(7 marks)

A culture of cells in lab has a population of 100 cells when nutrients are added at
t =0 (N(0) = 100). Given the population at time t, N(t) as

t
N() = N(O) + f N'Cx) dx.
S

Suppose the population, N (t) increases at a rate given by N'(t) = 90e~%1f cells/hr,
Compute N(t) when t = 4.5 hours by applying % Simpson’s rule. [Hint: A = 0.5]
(13 marks)
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Qs

TERBUKA

(a) Estimate the dominant eigenvalue and the corresponds eigenvector for

2 -3 3
A=12 -4 -6
-6 -3 11

by using power method. Use v =(0.4 1 1)7.
(10 marks)

(b) Consider the heat conduction equation as

0 o
—TI'(x,ty=aa—T(x,t), 0<x<10, >0,
o e =an s T g

where o =10 is the thermal diffusity. Given the boundary conditions as

T(0,0)=0, T(10,¢)=100

and initial condition
T(x,0)=x*.

By using implicit Crank-Nicolson method, develop the system of linear equations to
determine 7'(x,0.055) with 5 grid intervals on the x coordinate. Please DO NOT
SOLVE THE SYSTEM.

(10 marks)

- END OF QUESTIONS -
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Spherical coordinates:

x=psingcosd y=psingsind z=pcosg
v=([[[av=[[[o>sing dpdpde
G G

X +y +t=p", 056<27, 0<¢<n

Nonlinear equations

Bisection method : ¢, = 4 +b ,i=0,1,2,...
Newton-Raphson method : x,, =x, ~ f’(x,. ) ,i=0,1,2,...
J(x)

System of linear equations

i-1 n
- (k+l) _ (k)
bi ay%; Z ayX;
. . . i=1 imit1
Gauss-Seidel iteration : x** = — —

,Vi=1,2,3,., n.
a.

Interpolation

Newton divided difference:
P(x) = ff+ f =) + P e =) —x) + o+ i (- x )= %) (2= x, )

Numerical integration

So+ TI+3N+ L+ ot o+t fun+ )

. 3 b 3
Simpson =rule : X)Ydx~=h
P 8 Iaf( ) 8 { 2+ fo+ o+ 1)
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Formulas

Eigenvalue
Power Method : v**™ = —I—Av(k), k=0,12,...
mk+l‘
5
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Partial differential equations

Heat equation- Implicit Crank-Nicolson:
2 — 2 —_ —
{a_uj _ (Cz 0 uj Ui — Uy _C_(”M.m 20, 1 Uy N Uiy =20, + U,y J
I, j+=—=

! k2 W %
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