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E370(I1) MATHEMATICAL METHODS 1 (PAPER TWO)

Question one

Given the following system of linear equations :

(@)
(b)

()

(d)

2x+3y+z=4
5x-3y+z=7 e, AX=b
8x+9y-3z=2

use /insolve command to find its solutions. ( 3 marks )
use the method of Gauss elimination , i.e., use addrow and backsub commands on
an augment matrix of A and b , to find its solutions. Compare them with that
obtained in (a). ( 6 marks )
use Cramer's rule to find its solutions. Compare them with that obtained in (a).

( 5 marks )
) use the method of Gauss - Jordan elimination, i.e., use addrow and

mulrow commands on an augment matrix of 4 and I , to find the inverse

matrixof 4 ,ie, A", ( 8 marks )

(i1) find its solution by evaluating the matrix product of A'h . Compare them with

that obtained in (a). ( 3 marks)




Question two

(a) Given the following scalar function f=xy- yz
(i) findthe grad f atthepoint P:(2,0,7), ( 3 marks )

(i)  find the directional derivativeof f at P:(2,0,7) inthe direction of
a= ,?.,2}+E . ( 3 marks )
(b)  Given a vector field as ﬁ=[3x2—4xy,—2x2,0] ,
find the value of the following line integral Lﬁ' o dr

(i)  where C : straightlinefrompoint B :(-2,-2) to B :(+2,+2)
on x-yplane |, ( 5 marks)

(i) where (C : circular path from B fo P, incounterclockwise sense with

radius of 2+/2 and centred at the origin on x-y plane, i.e.,

529
x=2+2 cos(d) , y=2+2 sin(d) and a:%...T”
( 6 marks )

(i)  find V x I then remark briefly about the results of (b)(i) and (b)(i) .

( 2 marks )

(3.-4.6)

(¢)  Given the following integral 102 By*Z2dx+6xy2’dy+9xy*z°dz)

show that the given integral is exact and then find its value . ( 6 marks )




Question three

(a) Given a vector field in spherical coordinate system as :

F=2 r’sin(@)+ &, r* cos(6) + & r* sin(g) .

0] evaluate the closed surface integral ﬁ) FeiidA where
s
S . the closed surface of a sphere with radius 7 = 3 and centred at the origin ,

(ie, ndA=¢€ 9sin(@)dfd¢ , 0s0<x , 0<g<27)
A ( 6 marks )
(i) find V o F and evaluate the volume integral of IHV (Ve F)dv where

V' is the volume enclosed by given closed surface S in (a)(i) and

-

dv=r’sin(@)drdfdg .Compare results in (a)(i) and (a)(ii) and remark
briefly on the divergence theorem . ( 6 marks )}
(b)  Given a vector field in cylindrical coordinate system as :
- - - .
G=2¢,p° +& p°(z+1- cos(p))+ &, p sin(g)
(1) evaluate the closed loop line integral {DC-? odl  where
!

[: the circular closed loop in counterclockwise sense with radius 4 centred at

the originon x -y plane ,ie, p=4 , z=0 , ¢=0t0o 27 and
di =¢,4d¢ ( 6 marks )
(i)  find V x G and evaluate the surface integral ” (\—7. x G)s d§ where
s
S : the surface region enclosed by the given closed loop / in (b)), ie,

ds=¢ pdpdg

Compare results in (b){(i) and (b)(ii) and remark briefly on the Stokes’s theorem .

( 7 marks )




(a)

Given the differential equation for a forced oscillations under a periodic jigsaw driving

force

r(2)

of period 1()

d’ y(1) d y(t)

Question four

as .

P + 2 a1 + 20 y(t)=r(t) where r(¢) isgivenas:
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(i)  find the Fourier series of #(f) wup tothefirst 5 terms in its sine series and

the first 5 terms in its cosine series . Plotitfor = 0 fo 30 sec .
( 6 marks )
(i) find the steady - state solution corresponding to the first Fourier component

of 7(t) obtained in (a)(i) .

( 8 marks )




Question four (continued)

(b)  Any non-periodical function f(x) (- < x< )} canbe represented by a Fourier

integral  f(x)= j: [A(w)cos( wXx)+ B(w)sin(wx)]dw where

A(w)= % " r@xycos(waydx . B(w)= % |” f(x)sin(wx)dx .

(i) Show that the following given integral on the left hand side represent the given

function on the right hand side :

” p o .
wa)3sin(xm) -5 cos(x) #f x<0
J. dw = (9 marks )

%e‘x cos(x) if x>0

o @wi+4

(i)  evaluate the values of the given integral in (b)({) for x=2.5 . (2 marks)




Question five
The vibrations of a certain elastic string of length [ = 10 and fixed at both ends, i.e.,

x=0 and x =10, are governed by the following one-dimensional wave equation :

Fu(x,t)  Fu(x,t)
5[2 =9 éyx2

(@)  Setting u(x,f)= X(x)7T(¢) and applying the technique of separation of
variables ,

(1) deduce the following two ordinary differential equations :

[ d? X(x)
— e kP X(x)eee- 1
) de X(x) ( )
d* T(z) .
dtz = -0k T(l) ...... (2)
where k(> 0) is a separation constant , (4 marks)

(i)  for any value of % , show that the general solution for equations (1) & (2)
canbe writtenas: 7, (¢} = (C, cos(3kt)+ D, sin(3kt)) ,
X (x)= (A, cos(kx)+ B, sin(kx)) and u,(x,0)= X, (x)T,@)
where 4, , B, , C, and D, are arbitrary constants. (3 marks )

(i)  applying the given fixed end boundary conditions , i.e,,

©,(0,) = 0= 1,(10,f) , deduce that 4, =0 and




Question five (continued)
(b)  after satisfying the fixed end boundary conditions and re-indexing k£ as » , the general

a
solution can be written as  u(x,f) = Z u,(x,t)  where

n=l

)= (C, cos(2Z1)+ D, sin(oz 1)) sin( - x)
un(xa )—( nCOS( 10 ) nsm( 10 )Sln( lox 3

cu (x,t
—"(—) = (0 , deduce that
ot o

D, =0 ( 3 marks )

() if given zero initial vibration speed , i.e,

(i)  if given the initial position #(x,0) as
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find the values of for n=1 to 10 .Then for t=1 and

n

10
t=2 | plot Zun(x,r) for x=0 to 10 .Show them in a single
n=1

display . ( 11 marks )
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