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,PART A

Qr Given the force field
F(x,y,z)=d i+xd!+0k.

(r) hovethat F is conservative.(ii) Find its scararpotential function l(x, y,z) suchthat F=yl.(iii) Hen@, calculate the amount of work done by F(x, y, z) in moving a particle
from thepoint (1,0,0) to (_1,q0).

(12 marks)

O) useGreen's Theorem toevaluatethe line integral [@+l)e+el+f -f)O,where
c is the trianglewithvertices (0,0), (2,0) ana 1i,4) orientedinacounter crock-
clockwise direction.

(8 marks)

(a) Use Divergence Theorem to find the outward flux

{lr'o 'ls
of the vector fierd F(aH z)=(r -d )i+er +sirz)j+(l -xy)k,across the surface o
of the regron that is enclosed by the hemisphere z = ,[4 44 and the rry _ plane.

[Hint Use spherical coordinates.]

(10 marfcs)

(b) Use Stokes' Theorem to evaluate

llto " F).n d^s,

where F(x,y,z)=)si+3rj+5yk and o is the portion ofthe paraboroid z=4_t _f
above the r,y -plane with n the outward unit nonnal v@tor fierd too .

(10 marks)

(a)

Q2
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PART B

andanyconstant c.

(5 ma*s)
azf

Find " r whererisaconstant.
0x00o)

(c)

(d)

Q4 (a)

(b)

(d)

(a)

(l+ x2 + y')t
(6 marks)

I,at G be the solid in the first octant bounded by the two sphercs x' + y' + z2 = 16

and I +f +l =1. Sketch the region G and then by using spherical coordinates,

evaluate

dv.

(9 ma*s)
'+z

z

vx'+JII
G

Qs Sketch the graph for the following vector-valued functions.

(i) r(t)=(3+2t) i+(5-3t)j+Q-4t)u" t eS.
I(iD r(r1=iti+cos3tj+sin3rk, 0<t<2n.

e3 (a) Show that the function f(x,t)=sin(zzr)cc(r*o') satisfies the wave equation

O # =#for any positive integer n

Given the function f(x,O)=x2e"o .

(2 ma*s)

Given z = h( I + ry ). Bv using total differential, approximate ln (l + (-0.09X1 .9S))

as (r,.y) moves from the point (0,2) to the point (-0.09' l-98).
(4 marks)

Find the local extnema and saddle poin(s) of f (x,y) = 4ry - (tn +.yn).
(9 marks)

eo elij
Given I: Ir""'' # 

dy dx. Evaluate the integral by using polar coordinates.

(5 madcs)

Find the mass of the solid bounded by the cylinder *' + y' = 49 and the plane z = 6

in the first octant with the density function

6(x, y,z) =

(a marks)
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(b) Find the vector equation ofthe line which isegent to the curve

r(r)= f F*i+(4-r2)k, t+-r
at the point (4, l, 0).

(4m trs)

(c) Suppose that a particle moves along a circular helix such that its position vector at
time r is

r(t) = (4coszr)i + (4sinzrr)j + rk .

Find its speed when t =2 urd the distance tavelled of the particle during the time
interval l<r<5.

(3 ma*s)

(d) Find the curvature r(r) for the curves

(D r(t) =ti+at2i+'lc
(it) r(r) = a sin ti + a(l - cos/)j + 0k.

(iii) If both the curves coincide and have the same curvature when t = O find the
value ofa.

(9 marks)

(a) Find a unit vector in the direction in which the function

f(x,Y)= 
I * I
xy

increases most rapidly at P (- 1,1,0) and find the rate of chan ge of f in that direction.

(5 marks)

O) Evaluate the following line integral

L*'* + xydy + z'dz ,

where Cisaparameticcurvedefinedby C:r=sin/, Jp=cg3ir, z=f , 0<t<L.
2

(5 marks)

(c) Find the cenhoid ofthe surfaceo, where o is the portion of the sphere * *f +* =4
that lies above the plane z =1.

fHint: Centroid of a surface o is defined by I
| ff"^ I[rot II,* I

!f=---e--- _t-ft__ 7_ o _lL area of o' - 
area of o' - 

area of o'l

a6

(l0ma*s)
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Formulae

Polrrrcoordinates: {: roose y:rsin 0 and *+f =l
!! t<*, I a,t = l[ f{r,il r & do
ia

C$indrical ooordinatcs: r : roos 0, y = r sin 0, z : z and i + f : I
!![f<r,t,'l ar, = ![!ftr,o,z) rdz&do
G6

Sphericaf coordinates: r:pcos?sn$, y:psrn0sn6 z=pcosi, t:I+f +*,
0<0<r and 030 32r

lllf<*,t,4 dy = [[!tto,l,el p, sn| dpdgdl
GG

The directional derivatives, D"f(x, y) = V,i + f, i)- o ; The gradien t of Q = y 
Q

Iet F(x,y,z) = M i+ il j + Pk is vector field, then

ThedivergenceofF:V.F =aM +aN +aPtuAyAz
li j kl

ThecurtofF =vxF=lg a zl=(pr alr'). (ap aM\,,(an aM\"-la' ay *l=lur- e )-[a- r Jt.[.;- u, )ulM /'!r P 
I

Let C is smooth curve given by r(r) = r(r)i +.y(rX + z(r)k .

Tlrp nnil foncana rraaar 'Trlr\ - 
f'(t)The unit tangent vector, T(r; = ffi

The principal unit nomat vector, Xlry = J1(0-
ilr'to ll

curvaturs"=m-ffi

Green Theorem:

4,* dx+N *= IJ(# #),^
Gauss Theorem: Stokes'Theorem:

11"." d,s = [[!v.n ar 
JJ ,o x F).a ds = ["r.a,sGs
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Arc Length of Plane Cune and Spacrc Curve

For a plane curve, r(r) = x(t)i + y(t)j on an intsral la, b l, the arc lengtlr

For a space culve, r(t)=t(t)i+ y{N+4lk on an interval la,bl, the arc length

"=fF'a)frat=f o,

x'()12 + ly'(t)12 dt .


