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Q2

Q3 Find the local extremums of the function

f (x,y) : 2x3 + y3 + 3x2 - 3y - 1'2x - 4.

4x.v
Let Ilx,y) = tuv3

(a) Find domain and range C f (\ ))
(2 marks)

(b) Determine whether /(x), islontinue at (0,0) or not. Give any reason.

/t (5 marks)

(a) Let W:x*yz +23,wherex = lnrst,y = s-rs andz=rst.Find l'llr.

(5 marks)

(b) rf z - ffi,shows that x#* rfi: o.

Q4 Use double integrals

plane z = 3.

to find the surface area of , = 
^F 

* r'

(5 marks)

(12 marks)

that lies under the

(7 marks)
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Q5 Line integral of f(x,y,z) respects to arc length S around curve C,

[, f {r,y,z)dS, can be used to compute the mass and centre of mass of a thin

wire when / is assumed as a density of the wire.

Considerawirewithashapeof helix x=2cosf, T:2sint,z: f for0 < t <
2r, and the density of the wire, 6(x, !,2) : 2 at any point (x,y,z).

By using line integral, find the mass and the centre of mass of this wire. Does the

centre of the mass lies on the curve or the wire itselfl

(11 marks)

Q6 (a) Find a vector-valued function r(t) that represents the curve of intersection of

the cylinder .xt + yt =l and the plane xt z =1.

(b) Find the unit tangent vector T(t).

(7 marks)

Q7 S be the sphere with radius 4, H is the hemisphere of S on positive value of z-axis

and D is the disk x2 * yt 31.6 in the xy-plane. G is the solid bounded by

surfaces H and D oriented outward, and F(x,!,2) : Zxi -t zyj + 5k is the

vector field across the surface G.

(a) Write an equation of H as z - f (x,y) and plot graph G.

(3 marks)

(b) Find f, and fy at point (2,2,18) and gives its geometrical

interpretation.

(6 marks)
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(c) From (b), find the directional derivative of f at point (2,2,r/61 in tfr"

direction

(i) a-- i
(ii) b: i
(iii) c- i* j

(5 marks)

(d) Find the volume of G by using:

(D double integral in cylindrical coordinate

(ii) triple integral in spherical coordinate

(7 marks)

(e) Show that the area of D is l6n unit2 by using Green theorem to the line

rL
integral 9, ;Gydx -f xdy), where C is a simple closed path oriented

counterclockwise given by D.

(4 marks)

(f) Hence, from all above related results:

(i) Use Stoke's theorem to evaluate $, F'dr where C is the

boundary of G in the xy-plane. What can you conclude?

(ii) Verifi, the Gauss theorem

(21 marks)
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Polar coordinate i x = r cos 0, | = r sin 0, 0 = tan-t (y I x), and [! .f (x, y)d.A = !! f (r, 0) r dr d0
RR

Cylindricalcoordinate: .tr= rcos?. -/=rsin 0, 2 = t, ill-f@,y,2)dV =lll.f?,e,2)rdzdrd0(, (,

Spherical coordinate: x - psin Qcos7 , y = psindsin? , z = pcos{ . 12 + y' + ,' = p2 ,

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

I$ f (r,y,z)dV = [!l.f @,d,ilp2 sinQ dpdQde
GG

Directional derivative: Dr-f (x,y) = (ni + f ,j).u

Let F(x,y, z) = M i + l/ j + Pk is vector field, then

the divergence of F = V 'F =aY *!*Tox oy oz

4_9q.lu
0x A)

Let C

the unit tangent vector:

the unit normal vector:

the binormal vector:

the curvature:

the radius of curvature:
/ n.,

GreenTheorem: {Mdx+Ndy:ff|, + -Y)*
C R\ox oy )

Gauss Theorem: ff Fr ndS = III Y oF dV
SG

Stokes' Theorem: {F o dr = ff(V x F)o n/$
CS

Arc length

If r(/): r(/)i + y(t)i, t ela,bf,then the arc length

rft) = jlq
ll.'(t )ll

N(r)=.l_(I
l['(rlll

B(/)=T(r)xN(r)

llTtrlll ll.'t,lxr'(r)ll"=*t= 
il.1rff

P=llrc

b
flls:lll rJ tl

D /-
'utlld =JJk't,)]' +ly'91]2 ar

0

Ifr(l)=x(t)i+y(l)j+z(t)k,tefa,b],thenthearclength,=jffia,
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Tangent Plane
z - z0 - .f,("o,yoX" - ro )* /,, (ro, yo\y - yo)

Extreme of two variable functions

G(x, y) = "f ,"(x, y).f w@, y) -\f ,r(r,ilY
Casel lf G(a,b) > 0and .fu@,y) < 0 then f has localmaximumat (a,b)

Case2:lf G(a,b) > 0and "fo@.y) > 0 then f has localminimumat (a,b)

Case3: lf G(a,b) < 0 then f has a saddle pointal (a,b)

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

In 2-D: Lamina
Mass: * : ll 6(x, l)dA, where 6(*, y) is a density of lamina.

Momentof mass: (i) about y-axis, M, =!!x\(x,y)d.1,, (ii) about x-axis, M" =lly6(x.y)d'A

centre of mass, (r,t)= ( U Y-)
\m n )

Momentinertia: (i) 1.u = [[x2a(x,y)ae, (ii) 1jr =!!y'6(r.y)dA.(iii) 10 =JI(r' +y2)a@.y)ae
RRR

In 3-D: Solid
Mass, 1n = ll!d(x,y,r)dv. If 5(x, y,z)= c , c is a constant, then m: [l[dA is volume.

GG
Moment of mass

(i) about yz-plane, M r- = I[x6(x,y,t)dfi
U

(ii) about xz -plane, M ,- = lll y|lx, y, z)dV
G

(iii) about xy -p ane, M ,, = lll z6(x, y, r)dv

centre of gravity, (t.r,z)=(*'= .y"t,y-)
\m m m )

Moment inertia
(i) about x-axis: 1, = $V' * r2)a(r,y,t)drt

(ii) about y-axis:1.,, =gtt"' *r2)d@,y,r\ar

(iii) about z-axis: /- =ryh'*y2)a(r. y.z)dv


