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Given that f(x,y) = 2x2 + xy — y2. By using the first principle, find the partial
derivatives f, and f, .

(10 marks)
Find 2-and §§ _if z is defined implicitly as a function of x and y in the equation;

2x(y +z) = x% + y? — 22
(6 marks)

The radius of a right circular cylinder is measured with an error of at most 4%,
and the height is measured with and error of at most 8%. Approximate the
maximum possible percentage error in the volume ¥ calculated from these

measurements.
(9 marks)

By using cylindrical coordinates, find the volume of the solid bounded by the
paraboloid z = 4 — x? — y? and the plane z = —5.
(8 marks)

By using spherical coordinates, find the volume of the solid located on top of a

cone z = /x2 + y? and inside a sphere z2 + y* + x? = 4z.
(9 marks)

By using double integrals, find the area of the regions enclosed by
y =sinx,y = cosx,x = 0,x = 45°

(8 marks)
Given that F(f) =i+ 2t j+costk and G(f)=3ti—t j+2k. Calculate;
@ (F+G)n
(i) (FxGXr)

(4 marks)

The position vector of a particle is
r(f) =cos2ti+2sin2tj+t’k |
Find the velocity, speed, direction and acceleration of the particle at 7 ==
(6 marks)

The equation of curve is given by r(f) =5sinti+5cost j+12tk. Find the unit
tangent vector T, principal unit vector N, curvature K, radius of curvature p and

binormal unit vector B.
(15 marks)
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Q4 (a) Use Green's theorem to rewrite and evaluate $(y — cosx) dx + sin x dy, where C
is the perimeter of the triangle formed by the lines y = 0,x = % y= %x :

(6 marks)

(b)  Given that F(x,y) =2x"i +(2+3x%)%)j.
(1) Show that F is a conservative vector field on the entire plane xy - plane.
(i)  Find its potential function.
(i) Find the work done by the field on a particle that moves along the line
segment from (1, 4) to (3, 1).
(19 marks)

Q5 (a) Use the Divergence Theorem and cylindrical coordmates to compute the outward
flux of the vector field
F(x,y) = x3i+y%j+ z%k
across the surface of the region that is enclosed by the circular paraboloid
z=4-x"-y* and the planes z=0.
(13 marks)

(b)  Consider the vector field F(x,y) = 2zi+3xj+5yk, taking o to be the portion of
the paraboloid for which with upward orientation, and C to be positively oriented
circle x* + y* =4that forms the boundary of o in the xy-plane. Use Stokes’

Theorem to evaluate the integral § F.dr
(12 marks)

- END OF QUESTION -
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Formulae

Polar coordinate: x =rcosé, y=rsiné, 0= tan'l(y/x), and [[ f(x,y)dA= [ f(r,0) rdrd&
R R
Cylindrical coordinate: x =rcosé, y=rsin@, z=z, [[[ f(x,y,2)dV = [ f(r.,6,z)rdzdrdé
G G

2

Spherical coordinate: x = psingcosé, y=psingsiné, z = pcosg, x? +y2 +z :pz,

0<0<27,0<¢<nz,and
I(I;I fC,y,z)av = j(j}j F(p.8,0)p* sin pdpdpdd

Directional derivative: D, f(x,) = (f,i + /i) u

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

the divergence of F =V .-F = ?—M—+QJX+?—€
ox Oy &z
the curl of
i j k
Povapo|S £ 2| (2B, (3 a0 (0N o),
ox Oy Oz oy 0Oz ox Oz ox Oy
M N P
Let C is a smooth curve given by r(f) = x(¢)i+ y(1)j+ z(1)k, ¢ is parameter, then
the unit tangent vector: T(@) = _r’(L)
@)
the unit normal vector: N@) = —T—,(t—)—
[T@l
the binormal vector: B(t) = T(t) x N(t)
T'(t r'@)xr"(t
the curvature: K:” ,()"2” @ §)||
¥l ro)
the radius of curvature: p=1/x
Green Theorem: {M dx+ Ndy = || N _ oM dA
C R\Ox Oy

Gauss Theorem: [[FendS=[[fVeFdV
s G

Stokes’ Theorem: {Fedr = [[(VxF)endS
c s

Arc length
b b
If () = x()i + ¥(1) j, t € [a,b], then the arc length s = [|r'(r) |df = j\[[x’(t)]z +[y'@OF dt

If r(r) = x(1)i + y(1) j+ z(t)k , t € [a,b], then the arc length
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= If\/ [xOF +[yOF +[z©F ar

Tangent Plane

zZ—2z =fx(xo,yoxx'xo)'*'fy(x()’yOXy—yO)

Extreme of two variable functions

G50 = fea@ ) fyy )~ (f (5 90

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 asaddle point at (a,b)

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

In 2-D: Lamina
Mass: m = [[5(x,y)dA, where 5(x, ) is a density of lamina.
R

Moment of mass: (i) about y -axis, M, = jjxé'(x, y)dA, (i) about x-axis,
R
M, = [[y8(x,y)dA
R

M
Centre of mass, (f, y) = [__yﬁ’f_xJ
m m
Moment inertia: (i) 7, = [[x*5(x, y)dA, (i) I, = [Jy*8(x, y)dA, (D)
R R

I, = j(x2 +y2)5(x,y)dA

R
In 3-D: Solid
Mass, m = ([ 5(x,y,z)dV . If 5(x,y, z)=c, c is aconstant, then m = [[[dA is volume.
G G

Moment of mass
) about yz-plane, M, = jé[;jxﬁ(x, y,z)dV
(i)  about xz-plane, M, = [[jyS(x,y,z)dV
G

(i)  about xy-pane, M, = [[fz6(x, y,z)dV’

M, M, Mxy}

Centre of gravity, (J'c‘, v, E) = ( s s
m m m
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Moment inertia
W about x-axis: [, = jﬁ(yz + zz)é‘(x, y,z)dv
G

(i)  about y-axis: I, = m(x2 +z? )6(x, y,z)dv
G

Gi)  about z-axis: I, = [[f(x? +y2)5(x.,2)aV
G
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