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Q1 (a) A vector function is defined by 7(t) = costi+sintj+ 2t k. Determine the
following parameter:

i.  Differentiation of r(t)

(1 mark)
ii.  Second differentiation of r(t)
(2 marks)
iii. Dot product of (i) and (ii)
(2 marks)
iv.  Cross product of (i) and (ii)
(3 marks)

(b)  Given the vector function 7(t) = Vt i+ (2t + 4)j. Plot the graph for 0 <t <2 and
unit tangent. Find the unit tangent vector when t = 1.
(8 marks)

(©) In a building, water is directly supplied to fixtures from service pipe. The position
vector of the water in the pipe is given by r(t) = cost i+ sintj+ t3 k. Find the
velocity and acceleration vectors of the water flow. Then, calculate the speed of the
water flow at 2 second.

(4 marks)

Q2 (a) Use the Divergence Theorem and cylindrical coordinates to compute the outward flux
of vector field F(x,y) = x3 i+ y?j + z? k across the surface of the region that is

enclosed by the circular paraboloid z = 4 — x% — y? and plane z = 0.
(11 marks)

()  Evaluate ¢ Fe dr for the vector F(x,y) = xzi+ xy?j + 3 xz k and the space curve

C which is intersection of the plane x + z = 3 and the cylinder x* +y? = 4, in the
counter clockwise direction when viewed from positive axis.
(9 marks)
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Q3

Q4

Q5

(a)

(b)

(c)

(a)

(b)

(a)

(b)

(©)

The height of a tree increases at a rate of 2 m per year and the radius of its timber
increases at 0.1 m per years. Determine the rate of the timber volume increasing when
the height is 20 m and the radius is 1.5 m (Assume the tree is circular cylinder).

(8 marks)
Givenw = 3xy?z3%,y = 3x%2 + 2,z = Vx — 1, find % using chain rule.
(5 marks)
0z 0z 5
Evaluate the — and — of function
ox oy
z%2 + zsin(xy) =0
(7 marks)

Calculate the area of regions enclosed by the curve y = v/x, the line y = x, y = land
y = 2 using double integrals

(4 marks)

Evaluate the following integral
|| 7av
G

Where G is the tetrahedron in the first octant bounded by x +y +z = 4

(9 marks)
Examine the volume of solid bounded above by sphere p = 4, and below
by the cone @ = g using spherical coordinates

(7 marks)
Determine the unit tangent vector and normal vector for curve x = ef cost,
y=gtsint, z=e"att= 0.

(8 marks)
Find the position vector satisfying the following condition:-

a(t) = —32j,v(0) = 600V3i + 600/

(8 marks)

Find the velocity and acceleration for function
R(6) = (sinB)i + (cos 0)j
(4 marks)
— END OF QUESTIONS — TER ;ﬁUK,- Y ;r

3 CONFIDENTIAL



CONFIDENTIAL BFC24103

FINAL EXAMINATION
SEMESTER/SESSION  : SEMII/2018/2019 PROGRAMME CODE : 4 BFF
COURSE NAME : CIVIL ENGINEERING MATHEMATIC III COURSE CODE : BFC24103

The following information may be useful. The symbols have their usual meaning.

Formulae

Implicit Partial Differentiation:
0z f(xy.2)

— or i = _—fy(x; g Z)
dx Elx, 9, 2) dy f2(x,y,2)

Small Increment, Estimating Value:

Total differential/approximate change, 0z = %dx - Z—idy

Exact change, dz = f(x, 1) — f (X0, Yo)
Approximate value, z = f(x,,y,) + dz
Exact value, z = f(xy,y;)

dz

dz dx 0z dy

a :
Error: |dz| = a—idxl + I% dyl and Relative error:

ox z dy z

Polar coordinate: x=rcosf, y=rsin€,x* +y* =r% and [[ f(x,y)dA =[] f(r,0) rdrdO
R R
Cylindrical coordinate: x =rcos@, y=rsin@, z=z, [[| f(x,y,2)dV =[] f(r,0,2)rd= drr d6
G G
Spherical coordinate: x = pcosfsin@, y =psinfsin@®,z = pcos®, x?+y?+z%=p?

0<0<2z,0<¢<x and [[[ f(x,y,2)dV = [[[ f(p.4.0)p> sin g dpdpd]
G G

Directional derivative: D f(x,y) = (f;i + _f_'rj)- u

Let F(x,y,z) =M i+ N j+ Pk is vector field, then
oM oON ¢oP
+—t—

the divergence of F=V-F = = =
ox oy oz

i j k _

theeurlof F=VxF=]— £ “l_ £f)~—ﬂJi~(£—Mljj+ (—‘X—Q\i)k
ax dv ¢z v 0z é&x ¢z o oy
M N P

Let C is a smooth curve given by r(¢) =x()i+ v(1)j+=z(0)k, ¢ is parameter, then
r'(t)

the unit tangent vector: T(t) = — :
Ir'e)]

the unit normal vector: N(t) = T'(t)
o)

the binormal vector: B(t) =T(t)xN(1)

_To] _|roxeo)
K= = = -
'l Jrof

the radius of curvature: p=1l/x

the curvature:

st w—]
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ON oM
Green Theorem: {M dx+ Ndy = ”(a ——LJzH

C R\ OX cy
Gauss Theorem: || Fe ndS = Uj VeFdl
S
Stokes’ Theorem: {Fedr = [j(VxF endS
c S

Arc length

b b = =
fr)=x@)i+yv(t)j.te [(l.h]. then the arc length s = [||r'(1) |dr = j \z/[.\"(t)]' + [1"(!)]‘ dt

a

Ifr(t)=x@)i+ry@)j+z(0)k, Ie[a b] then the arc length s—j\/[ t)] +L\ (1)] [ '(t)]: dt

a

Tangent Plane

z—z0 = fi(x0. 30 v —x0 )+ f ¥ (0, 70 Xor = o)

Extreme of two variable functions

G, 1) = fro () [ (5 1) = ([ (2,20 P
Casel: If G(a,b)>0and f . (x,») <0 then / has local maximum at (a.b)
Case2: If G(a,b)>0and [, (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, v)dA, where &(x, y) is a density of lamina.

R
Moment of mass: (i) about vy -axis, M, = [[x¢ S(x.»)dA, (ii) about x-axis, M = [[ v&(x,v)dA
R R

M, M,

Centre of mass, (.T,_F)=[ L, "]
m m
Moment inertia: =[x (x.x)d4, (ii) 1, = [[ v>S(x. v)dA, (iii) I, =_U(.\‘2 +y° )5(\ v)dA
’ R R R

FPYIWY TS T W

1 LJLU:S uj

5 " CONFIDENTIAL



CONFIDENTIAL BFC24103

FINAL EXAMINATION

SEMESTER/SESSION  : SEM I1/2018/2019

PROGRAMME CODE : 4 BFF
COURSE NAME : CIVIL ENGINEERING MATHEMATIC III COURSE CODE

: BFC24103

In 3-D: Solid
é.
Moment of mass
(i) about y:z-plane, M. = m_\'o‘(.\‘. v,z)dV
(i)  about xz-plane, M . = j(jlj\o(\ v,z)dV
G

(iii)  about xy-pane, M, = (lz8(x, v, z)dV

Mass, m = [[[6(x, v,z)dV . 1f 8(x,y,z)=c, ¢ isa constant, then m = [[[dA is volume.

G

)_[' M, M, M, ]

Centre of gravity, (.7, " .
m m m

Moment inertia
(i) about x-axis: /, = jﬂ(}z +z*° )cf(.\',}',:)n'l’
G
(i)  about y-axis: /, = ﬂj(\z + :2)5(.\‘,_1‘,:)(11’
- G

(il)  about z-axis: /. =[] (.\'2 5" )5(.\‘._\*,:)(1["
G

=
&
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