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Find the local extremums and saddle point (ifexists) for the function

f(x,Y) =zxa +Y2 -2'Y'

Use the spherical coordinates to evaluate

- -- ,:---' 1J2 ,12-r" tl4-x'-y' r ^ ^ .\-
J J J F" y'+z')dzdxdy.
^ a --i r--;-----;v l2-y. lx" +y'

(a)

(10 marks)

The displacement of a particle at time / is given by
r(/) = 3cosl i + 3 sinlj +4/k,0 <t<27r.

(D Find the velocity v(r), the unit tangent vector T(l), and the unit normal

vector N(/) .

(ii) Sketch the graph of r(r).
(10 marks)

Find the moment of inertia about z -axis, 1, of a solid G , where G is the solid

in the first octant bounded by paraboloids

z=x2 +y2 and, r=2-x2 -y2
with a density function given by

6(x,y,z)="[;.;
(l0 marks)

(a) Evaluate the line integral

I @2 *y'-iat*y^F *s? ay
C

where C is the path consists ofa line segment from (0, O) to (1, O) and along a

semicircle y=,ll-tt from (i, o) to (-r,o).
(10 marks)

(b) Given the vector field

F(x, y, z): (2ry + ,31i - t2 i+3rt2k
(i) Show that F is a conservative vector field.
(iD Find its potential tunction /.
(iiD Hence, find the work done in this field to move an object from a point

(r, r, r) to Q,z,z).
(10 marks)

(10 marks)

(b)

(b)
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Q4 (a) Use Green's theorem to evaluate the integral/ ^\ / ^\i, \e' + Y')dx +\eY + x')dt

where C is the boundary ofthe region enclosed by y = *2 and t = y2 , and curve

C is oriented counterclockwise.
(10 marks)

(b) Use Stokes' theorem to evaluate the work done by the force field
F(x,Y'z)=xzi+ryi+3xzk

along the curve C where C is the intersection between the cylinder .r2 + y2 = 4

and the plane y+ z --3 oriented counter clockwise.
( l0 marks)

Q5 (a) Let a be surface of z=5- 12 -y2 for z>l oriented upward. The vector field
R(x,y,z)--xi+yj+zk across surface o. Find the flux of vector field F

lJ r.n ds.
o

( I 0 marks)

(b) Use the Gauss's Theorem to evaluate the flux ofvector field F across surface o,
where F(r,y,z) = ry2 i+ y"2 i+ t2zk and o is the surface ofthe solid bounded

'))
above by sphere -r- ry- +"2 =4 and below bythecone t=rlr2 + y2 .

(10 marks)
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a

ttr(t)=x(t)i+y(t)i+z(t)k,re[a,b],thenthearclensth ':i.[81,11 *91171 *1"1$ a,
a

Formulae

Polarcoordinateix=rcos0,y=rsin9,e=tan-tbr/x),andllf/l-,Dde=$f(r,g)rdrd0

Cylindrical coordinate: r=rcos0, y = rsin0 , z = z,lllf(x,y,z)dY =lllfQ,0,z)rdzdrd0

Spherical coordinate: x= psin(cos?, y= psinSsin?, T- pcos{, t2 +y2 +12 = p2,
0<032n,0<S<r,and

!!! f (x, y. z)dv = !l! "f @, C, eV2 sn Q dp dg d0
GG
Directionaf derivative: Dr-f (x.y) = \j',i + 7r)-t

LetF(x,y,z)--M i+Nj+Pk is vector field, then

the divergence o f F =v 'F =ry-*{*!ox ov oz

li j kl
thecurr of F -vxF =l+ g !l=e-ry),J{-Y\i.r+-+l-

ff fl ";l ,* oz) \c'r oz) \ctr c,)

l,et C is a smooth curve given by r(t)=r11;;*r1r;j+z(t)k, t is parameter, then

the unit tangent vector: T(t) = Jg
ll"'(r)ll

the unit normal vector: N(l) = ',T,(tl,llr'(r)l
the binormal vector: B(t) = T() x N(t)

rhe curvarure: ,. _ llrtrl,ll _ llr'trl"rlrlll.. 
ll 
.,rrr ll il ",(r) ll,

the radius ofcurvature: , 
p =llr

Green rheorem : I M dr + N ay = f[ { -YIu( ;lar Ay)
Gauss Theorem: lJ f o n dS = jjJ V .F dV.sc
Stokes' Theorem: jF r dr = jj(V x F)o n dJ

cs
Arc length

If r(r) = 111;i a rO j, r e [a,b], then the arc length 
" 

= f 1 
r1r1 ;|ar ='t ffi t *b<,lP a
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Tangent Plane
z - zo = .f,Qo, rs [r -.16)+ lrft o, yoYV - yo)

Extreme of two variable functions
/\t

G(x. y) . .[oG, D.f wQ. y) - lf ,(x. t\ f
Casel: If G(a,D) > 0and fo@,y) < 0 then / has local maximum at (a,D)

Case2: lf G(a,b) > 0 and fo@, y) > 0 then / has local minimum at (a, D)

Case3: If G(a,6) < 0 then / has a saddle pont at (a,b)
Case4: If G(a,6) = 0 then no conclusion can be made.

In 2-D: Lamina

y"s3 p2= jJd(-r, y)dA,where 6(ay) is a density of lamina.

Moment of mass: (i) about y-axis, Mn =lJxd(x,y)d,1, (ii) about x -axis, M, = ll yA(x,y)d,l

centre or mass, (", -f =(+, +)
Moment inertia: (i) I y = [! x2 5 G, y\a, 6) t, = [! y2 6(x, y)d.a, (iii) 1, = jj(x2 + y2 )t(', y)a

In 3-D: Solid

Mass, n = llJ6(r,y,z)aV . ff 6\x,y,z)= c , c is a constant, then n:llldA is volume.
G

Moment of mass

(D about 1z -plane, M y- = l![x6(x,y,z)dv

(iD about .rz -plane, M," = [!ly6\x,y,z)dv

(iiD about xy -pane, M, = lll "6(r,r)dV
. (Mo M._ M*\

Centre ofgravity, (i,r,z)= I 
' '-,j:lr. "., 

I

\ ,r, m m)
Moment inertia

(r) about -r -axis: t , = ilb' * tz)a(*. y, r)av
G

(ii) about y -axis: t, = $!(t' * 
"')aQ.t.rlar

(iii) about z-axis: ," =ltt(" *y2fuQ,y,")ar




