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- 1 . .
Let z=x"+y" where x = and y=Inf. Find 3— In two ways:
t

(i) by first expressing z explicitly in terms of £,
(1) by using chain rule.

{6 marks)
If yis a differentiable function of x such that x* +4x*y ~3xy+y* =0, find dy .

(5 marks)

Vs

Find the local extrema and saddle point(s) of f(x,y) = e

x 3

(9 marks)

Use polar coordinates to evaluate ﬂ Jxi+ y* dA, where R is the region inside the
i

circle (x—-1)" + »* =1 in the first quadrant.
(7 marks)

Consider an object which is bounded above by the Inverted paraboloid
z =16~ x> - y* and below by the xy-plane. Suppose that the density of the object is
given by &(x.y.z)=8+x+y. Find the mass of the object by using cvlindrical
coordinates.

(6 marks)
M |'—1'_1
0 42 37 A f4xt -y
Use spherical coordinates to evaluate I I _[ X2+ +z2 dzdxdy
2ooa \_;;z;)_:
(9 marks)
Sketch the graph for #(f) = Ssinti—2cost j, 7 €R vector-valued function.
(3 marks)

Find a vector-valued function that represents the curve of intersection of the cylinder
x>+ y" =8 and the plane y+z=1.
{5 marks)
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Find the curvature of the line r(s) =(2-6s)i+ 35}

(5 marks)

Find the velocity, speed and acceleration of the particle at ¢ =7 with the position
vector r(f}=tcosti+e' sinf j+ 2tk.
(7 marks)

Use Green’s Theorem to evaluate the line integral t{_(x +y)dx+2x dy

where C is the boundary of the region between x* +y* =1 and x* + y* =9.

(10 marks)

Find the work done by force field F(x,y) = xi+(2x + y)j along the curve C, where

C is the upper semicircle that starts from (1,0) and ends at (0,1).
(10 marks)

Let o be the surface of the plane z = xy with 0<x <1, 0< y<2and
F(x,y,z) =z’ j—x'y* Kk across o . Assume that the n is the unit normal vector

oriented outward. Evaluate IIF.n das.

(10 marks)

Let o be the surface of the solid G enclosed by upper hemisphere z = 9 —x* -y’
and plane z = 0, oriented outward. Use divergence theorem to find the flux of vector

field F(x, y, z) =%x3 i+%y3 j+%zsk across o .

(10 marks)

- END OF QUESTION -
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Formulae

Polar ceordinate: x =rcosf, y=rsinfd, &= tan~! Lw’x), and Hf(x, VYA = ﬂ f(r.0)rdrdf
R R

Cylindrical coordinate: x = rcosd, y=rsiné, z =z, [fj f(x,y.2)dV = [fj /(r,6.2)rdz dr dO
G G

Spherical coordinate: x = psingcosé, y= psingsing, z = pcosé, x? +y2 +22 = ,02,

0<8<2x,0<¢g<m,and

i1 £ (x,y.2)dV =[] (p,8.6)p* sin ¢ dp dg 6
G G

Directional derivative: D, f(x,¥) = (fxi +/ j)- u

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

thedivergenceofF:V-F=%+fﬂ+€—P
&x &y &z
i j k \
3 ¢ 0 C ; WM. (N oM
lhtﬂ:urlOfF:VxF: a —(— E—: aP—(N i_(g_\i_af/f).l'i_ (’\N._(___. k
& oy & oy &z or &z cx oy
M N P

Let € is a smooth curve given by r(f) = x(¢)i + p(f)j + z(£)K, 1 is parameter, then

the unit tangent vector: T() = “::g;”
the unit normal vector: N{n) = ;,g;”
the binormal vector: B(r) = T(r) x N{t)

o] _jroxro)]
K= - 3
vl ol

the radius of curvature: p=l/x

the curvature;

Green Theorem: §M dx+Ndy = ff[@r—— aﬂ]d/l
C R ox Oy

Gauss Theorem: [[Fe ndS = f[f VeFdV
§ G

Stokes® Theorem: §Fedr = [[(Vx F)ends
¢ S
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Flux Integrals: _UF endsS

&z, 0z,
ve itk
i) ornented upward, n= = —
— | | |+
ox oy

Arc length
b b
If r@y=x()i+y)j. e [a,b], then the arc length s = J'” r'() Ha’r = j'\/[x’(r)]2 + [y’(r)]2 di

b
If £(1) = x()i+ p(0) j+ 2() K. 1 € [a,b], then the arc length 5 = [/ [r )P + [y ©OF +[ZOF ar

4]

Tangent Plane
£-2p = fx(x0=y0Xx_ xo)*‘fy(xo,yo)(}’-}’o)

Extreme of two variable functions

Gx2) = fo &Ny 7)o (5.0

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

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 = [[&(x, y)d4, where 8(x, v} is a density of lamina.
R

Moment of mass: (i) about y-axis, M, = [[x8(x,¥)dA, (i) about x-axis, M, = f vé(x, v)da
R R

M
Centre of mass, (¥,V)= (—y, y_‘.}
n m
Moment inertia: (i) Iy = H x2§(x,y)dA , (ii) ]x — ij2§(X, y)dA, (i) 7, = H (xZ + y2)§(x, y)dA
R R R

In 3-D: Solid
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Mass. m = [[j5(x, v,z)dV If 6(x,y,z)=c, ¢ is aconstant, then m = [[jd4 is volume.
G G

Moment of mass
(i) about yz-plane, M, = j'j'j'xé(x, y,z)dV
G
(i)  about xz-plane, M, = {f y8(x, y,z)dV
G

(i)  about xy-pane, M, = f[[z6(x, y,z)d¥

M, M. M
Centre of gravity, (f,y, 2)=[ el -2 “y]
m m m

Moment inertia
(1) about x-axis: {1, = [If (yz +2? )§(x, v, z)av
G
(i)  about y-axis: /= j'jj(x2 + zz)ﬁ(x,y,z)dV
G

(i)  about z-awis; 1, = m(x2 + yz)é'(x, y,z)dV
G

6






