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Find the local extreme and saddle point (if exists) for the function
f(xy)=5+4xy-x" —y*.
(12 marks)

Use the total differential to estimate the maximum percentage error in calculating
T=2n ’ % , if the percentage error in estimating L and g are 0.5% and 0.1%,

respectively.

(8 marks)

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

z=+x’ +y? and below by sphere x” + y* +z’=4z.
(10 marks)

Find the vector valued function r(¢), unit tangent vector T(¢) and principle unit
normal vector N(r) for the curve with parametric equations x = 3sint,
y=3cost, z=3 at t=m/2.

(10 marks)

Find the moment of inertia about z-axis for a solid G bounded above by
z=4/25-x* -y, below by xy-plane and side by cylinder x* +y* =9 with the

density of solid given by 6(x,y) = z.
(10 marks)

The vector field F working on a particle is given by
F(x,y,z)=ye " i+(ze’ —e7)j +e’ k.

@) Show that F is a conservative vector field.

(i)  Find its potential function ¢.

(iii)  Hence, find IF .dr on particle moves from a point (0, 0, 0) to (3, 3, 3).
C

(10 marks)
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Use Green's theorem to evaluate the integral

§C (x2 +2y+sinx2)dx+(x+y+cosy2)a§)

where C is the boundary of the region enclosed by y = x? and y = x in the first
quadrant oriented counterclockwise.

(10 marks)

Use Stokes’ theorem to evaluate the work done by the force field

F(x,y,z) =3yi+2xj+4xk
along the curve C where C is the ellipse obtained from the intersection between
the cylinder x2+y?=4 and the plane z=x with the orientation

counterclockwise looking from above.
(10 marks)

Suppose F(x,y,z)=xi+yj+zk is a vector field across surface o , where o is
the tetrahedron bounded x+2y+z=4, x=0, y=0 and z=0 . Evaluate the

flux of F given by
[ F-ndS.

o

(10 marks)

Use the Gauss’s Theorem to evaluate the outward flux of vector field of
F(x,y,z) =z i+xj-3zk through the surface & bounded the parabolic cylinder

z=4—y* and the planes x=0, x=1and z=0.
(10 marks)
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Formulae

Polar coordinate: x =rcos@, y=rsiné, 0 = tan '(y/x), and [[ f(x,y)dA = [ f(r,0) rdrd6
R R

Cylindrical coordinate: x =rcos@, y=rsinf, z=z, [l fCx, y,2)dV = [[f f(r,0,2)r dz drdb
G G

Spherical coordinate: x = psingcosd, y = psingsing, z = pcosg, x? +y2 +z2 = p2 ,
0<0<2x,0<¢p<m,and

[/t dV =1 /(9 0)p” sing dpdp df

Dlrectlonal derlvatlve D,f(x,y)= (f it+f, ])

Let F(x,y,z)=Mi+N j+ Pk is vector field, then

the divergence of F=V .F = oM 5N oN  opP oP
o 6y Oz

i §j Kk
thecurlofF:VxF:% gy— _a_z(gl.)._éﬂ)i (gg_ail_)]+(@__a_ﬂi)k

0z oy Oz ox Oz ox Oy
M N P
Let C is a smooth curve given by r(f) = x(f)i+ y(0)j+ z(t)k, t is parameter, then
. r (t)
the unit tangent vector: T{) =
IFol
the unit normal vector: N@®) = T,(t)
[r®|
the binormal vector: B(t) = T(t)xN()
the curvature: = " T, © “ = “ rxr 3(t) “
Irol  jro)
the radius of curvature: p=l/k

ON oM
G Th Mdx+N ———\|dA
reen Theorem: 2 +Ndy=1|f ( = o )

Gauss Theorem: H FendS = m VeFdV

Stokes’ Theorem: §F edr=|f (V xF)endS
c s

Arc length
If r(f) = x()i+ y(®)j, L€ [a,B], then the arc length s = j “ r'(0)|d = j\/f(t)]2 +[y' O} dr

If r(f) = x(8)i + y(1) j+ 2(0k , t € [a,], then the arc length s = ;\/M)]z +[yOF +[z@F at
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Tangent Plane

z—-2zp = fx(x()aJ’o)(x—xo)+ fy(onoxy—)’o)

Extreme of two variable functions

G5 = Fa )3y (o) = (i 5o 1OF

Casel: If G(a,b)>0and f, (x,y) <0 then f has local maximum at (a, b)
Case2: If G(a,b) >0and f,,(x,y)>0 then f has local minimum at (a,b)

Case3: If G(a,b) <0 then f has a saddle point at (a,b)
Cased: If G(a,b) = 0 then no conclusion can be made.

In 2-D: Lamina

Mass: m = [[5(x,y)dA, where 8(x, ) is a density of lamina.
R

Moment of mass: (i) about y -axis, M, = [[x5(x,y)dA, (ii) about x-axis, M, = || yé(x,y)dA
R R

M, M
Centre of mass, ()_c, y)= (——y ,— ]
m m

Moment inertia: (i) 1, =[] x*5(x,y)dd, (i) I, = [[ y*8(x, y)dd, Gii) 1, = g(xz +y2)8(x, y)dd
In 3-D: Solid ’ !
Mass, m = [[|8(x, y,z)dV . If 5(x,y,z)=c, c isaconstant, then m = j(j;jdA is volume.
Moment of (l;nass
@) about yz-plane, M, = [[[x& (x,y,2)dV
(i)  about xz-plane, M, = ijj y&(x, y,z)dV

(iii) about xy-pane, M, =[] z8(x, y,z)dv

M}’JMx:MXy
m’m’m

Centre of gravity, (f, v, E) = (

Moment inertia
® about x -axis: I, = m(yz +2° )5(x, y,z)dV
G

(i)  about y-axis: I, =[ff (x2 +2° )5(x, y,z)dVv
G

(iii)y  about z-axis: I, = [ff (x2 +y? )6(x,y, z)dV
G




