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(2)

(b)

Question one

Given f=p” cos(g)~4z> ,

) find the valueof V f atapoint P (10,220°,-3), (5 marks)
() find Vx ('6 f) and shows that it is zero. (5 marks)
Given F=¢, (6xy)+¢, (3 x? =5 zz)+ Z, (10 yz) and find the value of

:,L Fedl if Pi:(0,1,0),P;:(2,5,0) and
1) L : a straight line from P; to P on x -y plane,ie., z=0 plane,
( 7 marks )
(i) L:aparaboliccurve y=x*+1 from P; to P, on x—y plane,ie., z=0
plane .
Compare this answer with that obtained in (b)(i) and comment on whether the given

F' is a conservative vector field or not. ( 8 marks )



Question two

Given F=G¢, (r2)+ g, (6r2 sin9)+ g, (3 r? cos¢) :

(a)

(b)

find the value of i Feds if S isthe closed surface enclosing the upper half
spherical ball of radius 6 ,ie, S=3S,+5, where

r=6, osasg- ,05¢<21r & d5=6, r’sinfdOd¢

Sl .
— =% 52 36sinfd8d¢
9:% ,0<r<6,0<¢<27 & d§=2,rsinfdrdg
Sz .
3 G, rdrdg
(12 marks)
(i) find VeF | (4 marks )
(1)  then evaluate the value of HI (ﬁ’ oF )d v where V isboundedbyS givenin

(a),ie.,

V: 0<r<6, 0595% ,0<¢<2r & dv=r'sinfdrdfde.

Compare this value with that obtained in (a) and make a brief comment.
(9 marks )



Question three

Given the following non-homogeneous differential equation as

(a)
(&)

(c)

2
4 dfgt) +2 d;&’) +5x(t) =10sin(r) + 17 cos(21)

find its particular solution x,(f) , (8 marks)
for the homogeneous part of the given non-homogeneous differential equation , i.e.,
dx(t) . dx(f) 2 .

I7 +2 ) +5x(t)=0,set x(t)=z a,t & a,#0 and utilize the

t n=0

power series method to find its two independent solutions in power series form truncated
upto g, term. ( 15 marks )
write down the general solution of the given non-homogeneous differential equation in
terms of the answers obtained in (a) & (b) . (2 marks)



(b)

Question four

Given the following partial differential equation as

Xy oftny), 2 3fxy)_,
3 Ox x>y ay

, use separation variable scheme to deduce two

ordinary differential equations. (5 marks)
An elastic string of length 5 is fixed atits two ends, i.e.,at x=0 & x=5 andits

transverse deflection u(x,t) satisfies the following one-dimensional wave equation
8% ulx,t) _4 8% u(x,t)

ot ax*
(i) by direct substitution, show that . u(x ,t) = Z E, sin( msr xJ cos( 2 n;”)
n=1
where E, n=1,2,3,------ are arbitrary constants , satisfies two fixed end
conditions , i.e., #(0,7)=0=u(5,t), as well as zero initial speed condition ,
”,_6_L_t_§_x_,t_)_ =0 . ( 8 marks)
or |, _,

(i) thenfind E, intermsof » ifthe initial position of the string , i.e., 2(x,0) , is
2x if 0<x<3
-3x+15 if 3<x%<5

. 5 . (nETXx) . (mrXx 0 If n#m
( hint : _[ sin sin dx=<5 | &
=0 5 5 > if n=m

givenas u(x,0)= {

jxsin(n?x)dx= 25 sin(nﬂx]-— > xcos[n;rxJ ) (12 marks)
R
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Question five

Given the following coupled oscillator system as

d*x (t
Tt]z(_) =-20x,()+ 8 x,(1)
d*x, ()
dtzz =5 x,(t) - 26 x, (t)
(@ set x (=X, e & x,()=X, e, deduce the following matrix
equation AX =-w>X where
-5 16 X,
A= & X= ( 4 marks)
4 -17 X,
(b)  find the eigenfrequencies @ of the given coupled system , (5 marks)
(©) find the eigenvectors X of the given coupled system corresponding to each
eigenfrequencies found in (b), (6 marks)
(d)  write down the general solutions for x,(f) & x,(t). If the initial conditions are given as
5 O=-3, u@=+2, 50 _4g 200 _y  f0dihe specific
at | _, at | _,
solutions for x,(t) & x,(1). (10 marks )



Useful informations
The transformations between rectangular and spherical coordinate systems are :

-

- reAxt 4yt 4z’
x=r 51.n( )c?s(gé) _,[W]

sy = r sin(f) sin(¢) & {10 =tan
z

z =r cos(@)
()
L x

The transformations between rectangular and cylindrical coordinate systems are :

.

LT

x = p cos(f) P=
y=psin@ & {f=tan [f]
Z=2Z

G ez LOS = 1 0f ~16f

17 S, Té
h Ou, h, auz * by du,
VeF= 1 6(E A, h3)+6(F2 hy h3)+6(F3 h, hz)
h, h, hy Ju, du, Ou,
6’xﬁ'= E} 6(F3 hs)_a(Fz hz) + Ez a(F; h1)_6(F3 ha)
hy hy { Ou, Qu, h hy\  Ou, Ou,
+ € a(Fz hz)_a(ﬂ hl)
h h, Ju, du,
where F=¢ F +& F,+& F, and
(u, ,u, ,u,) represents (x,y,z2) for rectangular coordinate system
represents (p.90.2) for cylindrical coordinate system
represents (r.0,9) for spherical coordinate system
(¢,,2,,é,) represents (Ex e, ,€ ) .. for rectangular coordinate system
represents (E b2 €4 € ) for cylindrical coordinate system
represents (*, €, € ¢) for spherical coordinate system
(h .k, ,h,) represents (1 1, 1) for rectangular coordinate system
represents (1, p,1) for cylindrical coordinate system
represents (1 N 4 sin(@)) for spherical coordinate system
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