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Q2 (a)

BSM 2913/BWM 20403

Find the local extreme and saddle point (if exists) for the function

f(x,Y)=5+4ry-xo -Yo'
(12 marks)

Use the total differential to estimate the maximum percentage error in calculating

r --z"tVs, if the percentage error in estimating r and I are 0-5%o and 0.lo/o,

respectively.
(8 marks)

By using spherical coordinate, find the volume of solid bounded above by cone

, = r[7 * r' and below by sphere x' + y' +22= 42 '

(10 marks)

T(t) and princiPle unit

equations x = 3sin/,

(10 marks)

Find the vector valued function r(r), unit tangent vector

normal vector N(t) for the curye with parametric

-/=3cosr,z=3att=tl2'

Find the moment of inertia about z-axis for a solid G

, = Jr5 4 J , below by xy-plane and side by cylinder

density of solid given bY 6(x,Y) = z '

(10 marks)

(b) The vector field F working on a particle is given by

(i)

(ii)

(iii)

F(x,Y,z) = Ye-'i+(zeY -e-')i+eY k '

Show that F is a conservative vector field'

Find its potential function /.

Hence, find Ir.dr onparticlemovesfromapoint (0'0'0) to (:':':)'

'' 

'Lo 

marks)

bounded above bY

x'+y'=gwiththe
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(a)Q4 Use Green's theorem to evaluate the integral

f. ("' +2y +sinx')dx* (" * Y * "o'Y')dl

where C is the boundary of the region enclosed by y = xz and' y = 11

quadrant oriented counterclockwise.

in the first

(10 marks)

(b) use stokes' theorem to evaluate the work done by the force field

F(x,Y,z) =3Yi+2xi+ 4xk

along the curve c where c is the ellipse obtained from the intersection between

the cylinder x2 + yz = 4 and the plane z = x with the orientation

counterclockwise looking from above'

(10 marks)

SupposeF(x,y,z)=xi+yj+zkisavectorfieldacrosssurfaceo'whereois

the tetrahedron bounded .r+ Zy+z=4, x=0, !=0 and z=o . Evaluate the

flux of F given bY

F.n dS.

(10 marks)

Use the Gauss,S Theorem to evaluate the outward flux of vector field of

F(x,y,z) = z'i+ x j-3zk through the surface o bounded the parabolic cylinder

z=4-y2 andtheplanes .x=0, x=1 and z=0'
(10 marks)

(a)Qs

JI

(b)
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Formulae

Polarcoordinatei x=rcos0, !=rsin2,0=tan-l(yt*),and llf@,y)dA=[lfU'9)rdrd0

Cylindricalcoordinate: r= rcos2, !=rsin2, z=z,lllf(t,y,"\dv =!l[fQ'9'z)rdzdrd0

Sphericalcoordinate. 1s= psin|cosd, y= psin|sinl, z= pcos|' x2 *y2 +"2 = P2,

0<e<2n,0<Q<n,and

$[ f @, y, r)dv = !l! .f (p,0,0) p2 sin 0 dp d0 d0
GG
Directional derivative: Drf (x,y) =V'i+ f yi)'"

l-et F(x,y,z) -- M i + N j + Pk is vector field, then

the divergence of F = V 'F =aY *T**Ax Ay 0z

li j kl ,--ta L 4=(v-a'], -(+-%)i .P-+l-thecurlofF=VxF=li'"'r='""-\ff*';lr'az)'\araz)'\d'aY)
Let C is a smooth curve given by r(r) : x(r)i + y(tX + z(t\k' l is parameter' then

T(r;=ffi

N(r;=ffi
B(t)=T(/)xN(t)

the unit tangent vector:

the unit normal vector:

the binormal vector:

the curvature:

the radius of curvature:

_ _ llr'Al ll _ ll 
r'(r) x r"0) ll

^ - 
ll "'(,) ll ll ''(r) ll'

P=llr
..(au _Y\*

Green Theorem: iM d*+ N dY = JJI ;c 
- -r 'i[at oY )

Gauss Theorem: ff Fo ndS : III V cF dV
5G

Stokes' Theorem: f F o ah = IIF x F)o ndS
CS

bb
t efa,bf,then the arc length 5 = f llr'(r) lla' = [

rf r(/) = x(r)i+y(/) j +z(t)k, t efa,bllhenthe arc length 
" 

= ilfaf * Iy'tt\Y *f''Q)f'

Arc length

If r(r) = x(t)i + Y(t)i' [''(r)lt +ly'1t112 at
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Tangent Plane
, - to = f,(xo,yo[x-xs)+ -fr$o,nYv - n)

Extreme of two variable functions 
\r

G (x, y) = f o(x, y\.f w @, y) - \1f o @, t) f
casel :lf G(a,b) > 0and fo@,y) < 0 then .f has local maximum at (a,D)

casel:If G(a,b)> 0and fo@,y\ > 0 then "f has local minimum at (4,6)

Case3: lf G(a,b) < 0 then / has a saddle point at (a,D)

Case4: lf G(a,b) = 0 then no conclusion can be made'

In 2-D: Lamina

Mass: ,n = !!6(x,l)dA,where 6(t,y) is a density of lamina'
R

Momentofmass: (i)abouty-axis, My=!!x6(x,y)dA, (ii) aboutr-axis, M'=l!y6(x,y)dA
RR

centreof mass, (t,t)=(Yt Yt)
I,' m)

Momentinertia: (i) Iy=l[*'6G,idA, (ii) t,=$y2l(x,y)dA,(iii) 1" =\6'+y2)a!,)a'l
RRR

In 3-D: Solid

Mass, ,n=[$6(x,l,r)dv.lf 6(x,y,z)=", " isaconstant, then m=[l[dA isvolume'

GG
Moment of mass

(i) about yz-plane, M, = !!Jx5(x,y'")dv
G

(iD about xz-plane, M'- =[!!y5(x,y,z)dV

(iiD about ry -p ane, M , = !!! z6(x' Y, r\dv

centre of gravity, (r,t,z) =( +'+'"\+;!;-t-[rn'm'm)

Moment inertia

(i) about x-axis: 1' :l[b' *,')a(',Y,')dv

(ii) about y-axis: 1" =i[bt *"2\a(',v,')dt'
G

(iiD about z-axis: /. =fff(t' *vz)aQ,v,')dv
G


