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Ifw = /x2 + y2 + z2,x = 9Int,y = 6 cos 3t,z = 2e* sint, use Chain rule to find
ivz
dt’

(8 marks)

Find the rate of change of volume of a cylinder with radius 6 cm and height 14 cm ifthe
increasing rate of radius is 0.3 cms™ and the decreasing rate of height is 0.4 cms’™.

(4 marks)

Show that the function z = e* siny + e” cos x satisfies Laplace equation as the
following:

ax? | ay?
(6 marksj
Find Z—i ,ifz = f(x,) is implicitly defined as a function of x and y for equation

2x2%z* — 5In(xyz?) = 4z.

(7 marks)
Given the functions of
y=(x+2)?-9andy =4— (x + 1)*
(i)  In the same figure, sketch the graphs of the functions above.
(6 marks)
(ii) Determine the domain and range of the functions based on Q1(a)(i).
(4 marks)

(iii) Determine the area of the enclosed regions by using double integrals method.
(5 marks)

Evaluate the volume of the solid bounded by x = y? + z? and plane x = 9 using triple
integrals of the cylindrical coordinate.

(10 marks)
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Q3 (2 A quantity can be either a scalar or a vector, while a field is a function that specifies a
particular quantity everywhere in a region. If the quantity is scalar (or vector), the field
is said to be a scalar (or vector) field. With the aid of diagram, define the scalar and

vector fields and give examples of each field.
(6 marks)

(®)  Calculate the line integral [, x?zdx — yx®dy + 3dz if C is the path given as shown in

Figure Q3(b).
(7 marks)

\ 4
b~

(©) @ Compute the surface integral f fg dS, where o is the first octant portion of the

plane 2x +y + 2z = 6.
(6 marks)
(i)  Hence, find the total mass of thin sheet (lamina) that has the same shape as in
Q3(c)(i) if the density function, p(x,y,z) at the point (x,y,z) is 2xz.
(6 marks)
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Q4

(@)

(b)

©

Differentiate between the Gauss’s theorem and Stokes’ theorem.
(2 marks)

Given that o is the surface of the solid G enclosed by cone z=4-x"+y
and plane z = 0.

(i)  Compute the flux of water flowing through the surface of the cone if the velocity
vector, F = 3xi+ 3yj + 6k. Assume that the unit normal vector is oriented

outward.
(6 marks)
(i)  Evaluate I jf‘ -fids by using Gauss’s theorem.

(5 marks)

Let ¢ be the portion of paraboloid z = 4 —x? —y*, z > 0, and oriented outward.
Suppose that the curve C is the boundary of ¢ in the xy-plane and the force field is given

by F = 2zi + 3xj + Syk.

(i)  Find the work done by the force field along the curve C.
(5 marks)

(i)  Verify Stokes’ theorem.
(7 marks)
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Polar coordinate
x=rcosf, y=rsin@, @=tan"'(y/x),and [[ f(x,y)dd = [[ f(r,0) rdrdb
R R

Cylindrical coordinate
x=rcosf, y=rsinf, z=z and ”J.f(x,y,z)dV = _Ujf(r, 0,z)rdz drd@
G G

Spherical coordinate
x = psingcosd, y= psingsinf, z= pcosg, then x*+y* +2> = p*, for 0<H<2x, 0<P<x,

and Hff(x y,z)dV = Hff(p,¢ 0)p” sing dpdgdo
A= H dA

m = [[5(x, y)dA, where &(x,y) is a density of lamina
R

v =[[f(x.y)d4
V=m dv
m=m5(x,y,z)dV

If fis a differentiable function of x, y and z, then the

Gradient of f, grad f(x, y, z) =Vf(x, y, z) :Zli+%j+glk
X 4

If F(x, y,z)=Mi+N j+ Pk is a vector field in Cartesian coordinate, then the

oM 6N oP

Divergence of F(x,y,z),divF=V-F=—4—+4+— Curl of F(x,y,2),
g (x,3,2), x5 - (x,,2)
i j k
curlF=V><F:3 g @ _[& @ i— (6_P_§_A£]J oN_oM k
ox 0oy Oz oy 0Z ox o7 ox Oy
M N P

F is conservative vector field if Curl of F=0.
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Surface Integral

Let S be a surface with equation z = g(x, y) and let R be its projection on the xy-plane.

[[ 7. y,2)dS = [[ £(x, 7, 8(x, )

. R
Gauss’s Theorem

_UFondS:IyVoFdV

Stokes’ Theorem
”(VxF)ondS = §F0dr
S (o]

Identities of Trigonometry and Hyperbolic

Trigonometric Functions

cos’x+sin’x=1
sin2x =2sinxcosx
2 22
cos2x =cos” x—sin” x
=2cos’*x—1
=1-2sin’x
1+ tan® x =sec” x

1+cot’x=csc’x

2tanx
ALy =————
l-tan” x
tan x + tan
tan(x*y) = =
IFtanxtany

sin(x+ y) =sin xcos y £ cos xsin y
cos(x £ y) =cosxcos yFsinxsin y
2sin ax cos bx = sin(a + b)x + sin(a — b)x
2sin axsin bx = cos(a — b)x —cos(a + b)x

2 cos ax cos bx = cos(a—b)x +cos(a+ b)x

2 2
1+(%) + L) dA
ox oy

Hyperbolic Functions

X —X

e —e

sinhx =

X

e +e

=X

coshx =

cosh® x—sinh*x=1
sinh2x =2sinhxcoshx
cosh2x =cosh” x +sinh® x
=2cosh?x -1
=1+2sinh*x
1 -tanh® x = sech’x
coth® x—1=csch’x
2tanh x
tanh x + tanh y
1+ tanh xtanh y
sinh(x + y) = sinh xcosh y + cosh xsinh y

tanh2x =

tanh(x + y) =

cosh(x + y) = cosh x cosh y * sinh xsinh y
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The derivative of f(x) with respect to x

IO Lol DD

h—0

Indefinite Integrals and Integration of Inverse F unctions

Indefinite Integrals
n+l
Ix"dx s C, n=z-1
n+l

j'%dx=ln|x|+C
jcosxdx =sinx+C
J.sinxdx =-cosx+C
Jsecz xdx=tanx+C
J-cscz xdx=—cotx+C
jsecxtanxdx= secx+C
jcscxcotxdxz —cscx+C
je"dx =e"+C

[ coshixdix = sinhx+C
jsinhxdx= coshx+C
jsechzxdx =tanhx+C

Icschzxdx =—cothx+C

[sechx tanhxdx =—sechx+C

Integration of Inverse Functions

I——l—dx=sin"££)+C, xl<ad?
Va* —x* a
j—i—dx=cos’l(£j+c, ¥ <d
Va* —x* a
jz—Ide:ltan“(f‘-}rc
a3 a a
I 2—1 de:cot"’Eij-kC
at+x a

1 1(’5) 2 2

:—sec +C, x >a

'[lx|\/x - a

1
I :—csc +, Fed
|x|\/x ~a ( j
_[———dx=sinh"(—x—j+c
Nxt+ad’ a
j——i——dx:cosh"'(fj+C, x>a>0
V¥l -a* a

b=l
I]xl\/—_— —asech

dx = lcsch“

+C O<x<a

+C, xz0

lelx/a =

; ltanh'l(£j+C, x <a?
I———dxz a a
2 2
=8 lcoth"l(i}-kC, ¥>d
a a




