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INSTRUCTION: Answer FIVE (5) questions only.
Please use the answer booklet provided.

Question 1
a) If r = 3t?+ 3t i —cos3t j + 2e? k, determine
T
’ dt
i, LT
) dt?
i, LT
) dtz
At t=0
(6 marks)
b) If F =3i+2u® —3uk and G = u? i — 2u j + 4k, determine
2
FXG du
0
(7 marks)
c) A moving particle starts at positionr 0 = 1, %i with initial velocity v 0 = 1,% g
and its accelerationis a t = 4t,2e3t, 2t —1 2 . Find its velocity and position vector
attime, t.
(7 marks)
Question 2

a) Find the unit normal to the surface @ = 2x*z? + x?y? + xyz — 3 at the point (1,2,3).

(6 marks)
b) Letr t = ti+2e?j—3sin(2t)k, find ' t and unit tangent vector at t = 0.
(6 marks)
c) Determine the directional derivative of @ = 2xz? + xe?Y + xyz at the point (1,0,3) in
the direction of A = 2i + 4j — 3k.
(8 marks)

Question 3
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a) If = x%cos z + ye?* — 2y?, find the value of grad ® and grad @ at point (0,1,0).
(8 marks)
b) IfA=2x*zi+xzj+ y—z k,find
i) curlcurlA
i) divcurlA
(12 marks)
Question 4

If F =x?yi+2yzj+3xz? k, evaluate:

a) the line integral [F -dr along the curves c , ¢, and c, where the start and end point
c
of each curve is given as (0,0,0) and (2,0,0) for c,; (2,0,0) and (2,4,0) for c,; and
(2,4,0) and (2,4,8) for c,.
(8 marks)
b) The line integral |F -dr along the curve with parametric equationsx = t,y = 2t and
C
z = 3t, between the points (0,0,0) and (1,2,3)
(12 marks)
Question 5
a) If F =3i+zj+ 2yk, determine the volume integral F dV where V is the volume
bounded by the planes z = 0, z = 3 and the surface x? + y? = 4.
(20 marks)
b) A vector field F=vyi+2j+k exists over a surface defined byx? + y> +z2=9 ,

bounded by x = 0 and y = 0z = 0 in the first octant. Determine the first integral of F

over the surface, s F-dS

(10 marks)
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Question 6

Verify the Gauss divergence theorem for the vector field F = xi + 2j + z%k taken over the
region bounded by the planes z =0, z =4, x = 0, y = 0 and the surface x? + y? = 4 in the

first octant.
(20 marks)

END OF QUESTION
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APPENDIX 1 - Trigonometric ldentities and Formulas

Fundamental Identities

Formulas For Negatives

cscez_i

sin®

secezL

cos0
cot@:ich)_se
tan® sin®

i
tan 0 = Ino
coso

sin9+cos’0 =1
1+ tan®0 = sec’0
1+ cot’d = csc’0

sin €0 _= -sin®
cos€ 0 = cosh

tan ¢ 0 = —tan®

~

csc€ 0 =—-csch

—

sec€ 0 =sech

cot¢06 =—cotd

-

Addition Formulas

Subtraction Formulas

sin€@ + B = sinAcosB + cosAsinB
cos@ + B = cosAcosB-sinAsinB
~ tanA +tanB

tan@+B x — 7
€@ -1 tanAtanB

/

sin€@ — B =sinAcosB— cosAsinB
cos@®@ — B = cosAcosB+sinAsinB

/\

\

tan @ — B tanA —tanB

-~ 1+ tanAtanB

Half-Angle Formulas

Double-Angle Formulas

) 1—cosh Sin20 = 2sind cosH
sin—=+
2
0 1+ cosd c0s20 = c0s°0 —sin?0
cosS— =+
2 =1-2sin’0
.......... = 2050 -1
tang _ 1—.0039 _ sind tan20 — 2tan92
2 sind 1+ coso 1-tan“0

Product-To-Sum Formulas

Sum-To-Product Formulas

sina.cosp =% fin€+B 3sin€-p_
cososin =% fin€+p >-sin€g-B
C0S0.COSB =% Fos€+p 3 cos€-B_

sinasinB:% fos€-B >-cos€+p

sina.+sinp = ZsinOL—Jr[?)cosOL;B

. . o+ N
Sino—sinf = Zcos—Bsm—B

o+ a—
cosa + CoSP = 2cos—B cosTB

a—p

2

. a+p .
cosa — COSP = —25|n—Bsm

NMB20203 MATHEMATICS FOR ENGINEERS 3




SEPTEMBER 2014 CONFIDENTIAL

APPENDIX 2-Table of Differentiation

Trigonometric Functions

Inverse Trigonometric Functions

_<mf(< > f' € Cosf €
—(osf(C}——f'(@i”f((:
—(anf(( TS f
&(scf(,;——f'((ESCWEOtf(C
—(ecf(< ~f' € Secf € Janf €

%(otf((:}—f'((}sczf((:

—(m-lu —\/117‘;:: |U|<1
—(os‘lujﬁ?}j |U|<1
—(anlu}ﬁ(;—l;

_¢ 1y |U|\/_JT:|§ Culs1
_( |u|\/tT(:1l>j . JU]>1
_‘ v /1_5233

Hyperbolic Functions

Inverse Hyperbolic Functions

— (lnh U —coshUd—U
dx

— (oshU =sinh U(;—U

d—(anh U >sech’U au

du
— €schU :-
dx ( -

cschUcothU—
dx

di €echU =—sechUtanh Ud—U
X

dx

du

— €othU =-csch?U
( - dx

1 du
—( iy —— =
~ 1 u? dx
1 du
— €osh™ U > , U>1
( Ju? - dX g
—(anh*lu— L dU , |Ul<1
dx “1-U? dx
-1 du
— €sch™ U— , Uz0
dx ¢ |U|\/1+ 7 dx
du
= Qech'u z—— , 0<U<1
O e 07U
1 du
— €oth™ U— =, |lul>1
dx‘ Y

Exponential Function

Natural Logarithmic Function

%6f(]::f'((Ef(:
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APPENDIX 3-Table of Integration

Trigonometric Functions
Where T& =ax+D

Inverse Trigonometric Functions

'[cos f & d S'fnf::

cosf &

fé&

tanf«/

fe&
cotf«/
fré&

secf &

—f'((\ +C

.[csc f & cot f & dx =—Cic—f«

jsinf((]jx = +C

jsec f & d

jcscz f& dx =
[secf €Jan f € oix =

=+ C

—

|x|<a

j\/idx =sin” ( J+C
jmdx =C0S" ( j+C . |x|<a

I%dx = Etanl[—]+c
a’+x a a
1

j—_l dx =—cscl(§)+c |x|>a
| x[Vx? —a? a a

1 1 (X
jmdngsec 1(g)+c |X|>a

[ 2_1 ~dx =lcot1(§)+c
a’ +x a a

Hyperbolic Functions
Where f‘(\_ ax +b Inverse Hyperbolic Functions
hf
fcosn f € =21 «, = —dx=sinn*{ X]+c , a>0
fre a® +x? a
. - hf _
Ismhf«jx—cos « +C J'—ldx:cos.h‘1 Xlic | x>a
f' ‘( )(Z_a2 a
_t hf
jsechzf(( an « =+ C j 21 2dletanh‘1 Xlic, |x|<a
_ a® —x a a
~ th f
fesch? f & Tix = _cohfé_ o [t o =Leoth? X |4c , x|>a
P a® —x a a
jsechf((:tanhf((:dx M +C I;dx:—lcsch‘{i}C , 0<x<a
fre xva? +x2 a a
jcschf(( coth f &« dx_ m +C J‘;dx=—lsech1(§)+c , O<x<a
fre& x+va’ —x? a a
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Exponential Function
Where T& =ax+Db

Form fi((\ where T& =ax+b

f€
e <ix = scC
f €

In|f(<]

—+C
fr &

1
re ™"

Vector Calculus Formulaes

Plane Polar Coordinates (r, @)

x=rcosf; y=rsind
dS =r drde

Cylindrical Polar Coordinates (p, ¢, z)

z

Pip: b 2)

x

X = pCosg

¥y = psing
Z=2z

ds = pdgpdz
dV = pdpdgd dz

Spherical Polar Coordinates
(r,0,9)

Pin8 ¢)

o2

A
x =rsinfcosg
y=rsindsing
Z=rcosh
ds = r*sinfdfde
dV =r*sind drddde

a) Scalar Field
I v dr
C

dr=idx+jdy+kdz
b) Vector Field
F; JFdr
C

dr=iddx+jdy+kdz

¢) Volume Integral
Az (W2 pia
deV:I I Fdzdy dx
WV

XL AFL JEL
d) Surface Integral
i). Scalar Field

JVdszjVﬁds; Aot _
5 s [V |
ii).  Vector Field
Vi
F-dS=]F-ﬁd5‘; n=——
L s IV
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Gauss’s Theorem

z

/lb ’
x

Closed surface § enclosing a
region V in a vector field F.

J dldeV=j F.ds
¥ 5

Stoke’s Theorem

Z -
n

P dS

//D ¥

X

An open surface § bounded by
a simple closed curve ¢, then

J mrlF-d5=%F-dr
1 c

Green’s Theorem
¥

o

X

[(2-5) o -frocsan
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