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Question one

= €, cos(¢) + €, sin(4) e =ée,sin(f) + e, cos(9)
From e¢ =~ e, sin(¢) + ¢, cos(¢) e, cos(f) - e, sin(8)

e, =¢&,cos(¢) - ¢, sin(¢)
deduce that - -~ . - and
e, = &,sin(4)+ &, cos(¢)

é, = ¢, sin(f) cos(g) + €, cos(9) cos(4) - €, sin(¢)
e . sin(0) sin(g) + €, cos(d) sin(4) + &; cos(4) ( 6 marks )
e, cos(f) - ¢, sin(f)
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Given P( 8, 300°, - 6 ) in cylindrical coordinate system, find its Cartesian and spherical

coordinate . ( 6 marks )
Given the following scalar function f = x4+ 2x y2 -5y z2

() findthe V f atthepoint P:(1,2,3), (4 marks )

(i)  find the directional derivativeof f at P:(1,2,3) in the direction of

d=¢e, (-2)+¢3+e,(-1) . (4 marks )

Given any vector field G in spherical coordinate as
=[G.(r.0.0).G,(r.0.9),G,(r,0.,4)] . show that

§°(§XG)EO . (5 marks )



(2)

(b)

(©)

Question two
Given a vector field F = [7y2 ~-522+3yz,14xy+3xz,3xy - lez] ,

find V x 1_5' and show that it is a conservative vector field and thus find its

scalar potential . (5 marks)

—_

Given a vector fieldas G = [ v, Sxy* O] ,

find the value of the following line integral JCG o dr

@) where C : straight line frompoint <P :(-1,~-1) to B :(+3,+3)
on x-yplane |, (5 marks)

(i) where C : frompoint B:(-1,-1) to P :(+3,+3) alonga
semicircular path with radius of V8 and centred at (1,1)
in counter clockwise sense , ( 6 marks )

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

(2 marks)

Givenasurfaceregion S : x*+33°+2z%=6,
@ plot the given surface for x = - 3 to +3 , y=- to +3 and
z=-3 to +3 , (3 marks )

(i)  find the normal unit vector 7 on the given surface at the point (1,1,1) .

(4 marks )h
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Question three

Given a vector field F = [2 p?,pzcos(¢),3p (z+ 1)] , and a closed surface S

of a cylindrical tube of height 3 | cross-section radius 2 and its central axis coincides

with z axis,ie, §= S8+ 5, + S; where

(i)

z=0 , 0<p<2 and 0<¢<27m ,
z=3 , 0<p<2 and 0<¢g<27x and

p=2 , 0<z<3 and 0<¢9<2nx

evaluate the value of the closed surface integral ﬁ Feiid A (8marks)
s

evaluate the value of the volume integral Cﬁﬁ/ (6 o F ) dv where V isthe

volume bounded by the given § and dv=p (d p) (d ¢) (d Z) .
( 5 marks)

Given a vector field G = [5 Y ,-3x*y, 0] and a surface region S as

S': thecirculardisk x>+ »*<9 and z=0 ,

()

evaluate the surface integral ”(6 X é) endA . ( 6 marks )
, s

(i)  evaluate the closed line integral éé odl where
c

C : the line boundary of the given surface region S in counter clockwise sense

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

( 6 marks )
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Question four

Given a periodic function f(x) ofperiod 20 , and one peribd ranging from - 10

to 10 as

-x-10 if -10<x<0
f(x)= X if 0<x<5
-x+10 if 5<x<10

() find the Fourier series of f(x) ' ( 8 marks)

(i)  plot the first ten partial sums of the Fourier series in (i) (i.e., the first five partial

sums of its cosine series plus the first five partial sums of its sine series) for
x=-10 to 10 . Alsoplotthe given f(x) for x=-10 to 10 .
Show them in a single display. ( S marks )

Any non-periodical function f(x) (-® < x < ®) can be represented by a Fourier
integral  f(x)= J:O [A(w) cos(wx) + B(W)Sin(wx)]dw where

1 1 o _
Alw)=— f f(x)cos(wx)dx , B(w)=— j f(x)sin(wx)dx

71' o0 71' —00

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

function on the right hand side :

0 i 0
wcos(x.(o)+(o sin(xa)) T lf a
.[) e 1 3 if x=0 (9 marks )

re” if x>0
(i)  evaluate the values of the given integral in (b)(i) for x= - 1.7 and x=0.8 .

( 3 marks )



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

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

2*u(x,1) ~ 160”214(x,t)
o ox’

(@)  the general solution can be written as  u(x,?) = Z u (x,t) where

n=1

2nm . 2nrx . nr
u, (x,t)= (A, cos( )+ B, sin( t))sin(——x) ,
5 5 10
1) by direct substitution , show that 1 _(x,¢)- above satisfies the given wave
equation , (5 marks)
(i) showthatat x=0 and x=10, u (x,)=0 . (2 marks)
. . - . du(x,p)
(b) if the string has zero initial speed , i.e., —-—5— =0 ,deducethat B =0
t 1=0
for all the valuesof n , ' (3 marks)

(o) furthermore if the string has its initial position #(x,0) given as

% f 0<x<4
w01 2 g
—-§+—3" if 4<x<10

(1) find the valuesof A4, for n=1 to 10 , (9 marks)

10
G) for £=0 , =1 and £=2 ,plot D u,(x,f) for x=0 fo 10,

n=1

Show them in a single display . ( 6 marks )



