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Question one

Given P (-3,-8,-5) in Cartesian coordinate system, find its cylindrical and

spherical coordinates. (5 marks)
Given P (5,300°,-9) in cylindrical coordinate system, find its Cartesian and
spherical coordinates. (5 marks)
f=picosg—4z |

find the valueof V f atapoint P(1,30°,-2), (5 marks)
find the value of the directional derivative of f  at a point

P(1,30°,-2) along the direction of e,3 — ¢4 +e , (Smarks)
find Vx (? f ) and shows that it is zero. (5 marks)



Question two

Given a vector field F =&, (x2 - 2y2)+ g, (6xz)+e, (zz + 3y) in Cartesian system and a

semi-circular closed loop L (=L, + L,) in counter clockwise sense on z=0 plane as shown
in the following diagram :

@

(b)

Find the value of g[ﬁ.di . (10 marks )
. L z=0, y=0 & -5<x<5
(Hint : )
L, : z=0, x=5cos(t) , y=5cos(t) & 0<t<x

Find Vx F and then evaluate the value of the surface integral JI (ﬁ’ x F )0 ds

where S is bounded by the given L . Compare this angwer to that obtained in (a) and
make a brief comment. (15 marks)

(Hint: ds =e, d x d y and integrate about x first from — \/25 -y to JQS —y* ,then
integrate about y from 0 t05 )



Question three

Given the following differential equation as :

2
ey

dr®

utilize the power series method , i.e., setting  y(x) = Zan x"** and a, #0

(a)
(b)

YD L 95y =0
dt

4
n=0

write down the indicial equations. Find the valuesof s and a; (setting g, =1).

( 10 marks )
write down the recurrence relation. For all the appropriate values of s and a, foundin

(a), set a, =1 and use the recurrence relation to calculate the values of a, up to the
value of a; . Thus write down two independent solutions in their power series forms.
(15 marks)



Question four

Given the following non-homogeneous differential equation as

2
40 d;’g‘) +25 y(t) = 102 cos(r) +195 sin(2¢)

dr’
(2 find its particular solution y, (1) , (8 marks)
(b)  find the general solution to the homogeneous part of the given equation y,(f),
( 6 marks)

(c) write down the general solution to the given non-homogeneous differential equation,
then find its specific solution y (¢) if the initial conditions are given as

y0O=+3 & d_CJ;EQ =~1 . (11 marks)

1=0



Question five

Given the following equations for coupled oscillator system as :

Ix@__ 5x,(6)+3x,()

dt
d*x,(t
50— 2500650
(@ set x,()=X €° & x,(0)=X,e'®" ,deduce the following matrix equation
, X)) -5 3
AX=—-w"X where X = & A= (4 marks)
X, 2 -6
(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) find the normal coordinates for the given coupled system, (7 marks )
(e) write down the general solution of the given system. (3 marks)



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

x = r sin(8) cos(¢) \/;:_2_
1y =r sin(8) sin(@) & O=tan-| Y 7Y }

Zz

s

The transformations between rectangular and cylindrical coordinate systems are :

z =r cos(d)

x = p cos(d) PNt
y=psin(@) & ¢=tan"l[ﬂ
z=2z z=z :

§f=éli_6_f+§2Lﬂ+é3_l-ﬁ_j:_
h, Ou, h, Ou, hy Ou,

VeF= ! (a(Fl i h3)+6(F2 h h3)+6(F3 h hz)]

h, h, h, ou, Ou, Ou,
ﬁxF’: 51 5(F3 ha)_a(Fz hz) + éz a(Fl hx)_é(Fs h3)
h, h, \  0Ou, Ou, h hy  Ou, Ou, _
e (ol h) o(Fh)
h h, du, Ou,
where F=¢ F, +é F,+¢é F, and
(, ,u,, u3) represents (x .Y, 2) for rectangular coordinate system
represents (0.9, z) for cylindrical coordinate system
represents (r , 8, ¢>) for spherical coordinate system

(¢ ,¢,,é,) represents
represents

represents

(B ,h, ,h,) represents
represents
represents

(e, » €y ,€¢)

(1,1,1)
@, p.1)
(1,r,rsin(@))
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for rectangular coordinate system
for cylindrical coordinate system

for spherical coordinate system

for rectangular coordinate system
for cylindrical coordinate system
for spherical coordinate system



