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(b)

(2)

(b)

(a)

Given that,
2

fx,py)= W

() Solve the domain and range for the function 7(x,y)

(2 marks)
(ii) Sketch the contour map of K = 1, J9 and 4

(6 marks)
(iii)  Sketch 2D and 3D model

(2 marks)

Given the function, f(x,y)-2x* ' 2xy

(i) Solve all the critical points of function f(x, y)
(5 marks)

(ii)  Ditferential each critical point whether as a local inaximnun, local

minimum or saddle point
(5 marks)

Given w(x,y,z)=2xyz,x:52+t2,y:;i,andz:1nt, solve %lv-and %
»

(10 marks)
Use the total differential dz to approximate the change in z =4/6—-x* —»*

as (x, y)moves from the point (1,1) to the point (0.99, 1.02). Compare this

approximation change with the exact change in z.
(10 marks)

Distinguish the integral to polar coordinates and calculate the integral.

CONFIDENTIAL



BDA 24003

CONFIDENTIAL

Q4

Q5

(b)

(©)

(d)

(2)

(b)

(©)

(2)

(®

Sketch the region R bounded by the graphs of x =(y—1)*,y=1,y=3, and

y-axis and use double integral to find the region R
(5 marks)

Distinguish double integrals to calculate the volume of the tetrahedron,
3x 1 2y 14z - 12, in the first octant.
(5 marks)

Solve the triple integration Lo caloulate the volume of the solid G that is

bounded above the hemisphete 2z —+25—x—v* |, below by the xy-plane
and laterally by the cylindrical * 1 y* =9,

(5 marks)
Evaluate this double integral without using polar coordinates
w21 . ‘
J J&ve"‘-" dvdx
[
(5 marks)

Distinguish the surface area of the portion of the paraboloid

z=4-x" —y” over the xy plane by polar coordinates
(5 marks)

Solve double integrals to calculate the volume of the solid G bounded by
the cylinder, x*+)* =4 and the plane y+z=4 and z=0. Verify your

answer by using triple integrals in cylindrical coordinate method.
(10 marks)

Find the vector—valued function that represents the curve of intersection of
the cylinder x* +z° =5 and the plane y+z=1. Then sketch the curve of
intersection.

(4 marks)
A particle’s posiion al tme (=7 s , Ly Lhe veclor
t
r(f) =e*i 1 sin24 1 t*k . Distinguish the pgs
i) the velocity, V
(2 marks)
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Q6

(c)

(a)

(b)

(ii)  the speed

(2 marks)
(iii)  the acceleration, A

(2 marks)
(iv)  the direct of motion

(? marks)

Giiven vector—valued function, »(f) dsintz+3cosy + 3tk . Distinguish

(i) the unit tangent vector T(t)

(2 marks)
(i)  the principal unit normal vector N(t)
(2 marks)
(ili)  the curvature
: i (? marks)
(iv)  the arc length of the curve in the interval, 0 <f <2
(2 marks)

Evaluate surface integral of F(x, y,z) = xyi+ zj +(x + y)k over the surface
of the tetrahedron x+ y+2z=1 in the first octant (surface S,), with the

oriented outward unit normal vector.
(5 marks)

Giiven the force field, F(x,y,z)= z Vit sl 2k

(i) Prove that F is conservative
(2 marks)

(ii) By using formula V@ = F, test a scalar potential @ for I\
(3 marks)

(iii)  Hence, compute the amount of work done again
in moving an object from the point (1
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(c) Distinguish Strokes theorem to evaluate Ul Fdr if

F(x,y,z)=-3yi+3xj+z’k, where C is the boundary of the portion of
ellipsoid x* + y* +z* =5 that lies above the plane z =1
(8 marks)
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FORMULAS
Total Differential
For function z  f(x, ), the total differential of z, dz is given by:
= a1 % gy
Relative Change

For function z = f(x,y), the relative change in z is given by:
de Oz dx + 0z dy
z Oxz Ovz

Implicit Differentiation
Suppose that z is given implicitly as a function z = f(x,y)by an equation of the

form F(x,y,z)=0, where F(x,y, f(x,y))=0forall (x,y)in the domain of f; hence,

0z F, 0z
e ] S
ox F, oy

z

=

Extreme of Function with 'I'wo Variables

D=f.(a,b)f,(a,b)-If, (a,b)] .

a. If D>0and f,(a,b)<0(or f, (a,b)<0)
f(x,y)has a local maximum value at (a,b)

b. If D>0and £, (u,b) 001 £, (a,b)50)
f(x,y)has alocal minimum value at (a,b)

s If D<0
f(x,y)has a saddle point at (a,b)
d. If D=0

The test is inconclusive

Surface Area
Surface Area = ﬂ ds

NI SURA
R ‘, ] hn&DU :
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Polar Coordinates:
X —rcos@
y—rsiné

P+ =r

where 0 <@ <2

[[ £ y)da - [ 1 (r,0)rdrde

Cylindrical Coordinates:
x=rcost

y—rsiné

EEmg

where 0< ¢ <27

ij (x,y,2)dV = IH f(r,8,z2)rdzdrdb

Spherical Coordinates:

x = psingcosd

Yy — psingsind

z=pcos¢

pZ - x2 + yZ +ZZ

where 0<g<zand 0<F <2z

[[[ f&.3n2a7 = [[[ £(0.6.0)0" sin gd pd g6

In 2-D: Lamina
Given that 5(x, y) is a density of lamina

Mass, m = ﬂ d(x, y)dA, where
R

Moment of Mass
a. About x-axis, M= I I yé(x,y)dA
R

b. About y-axis, M, = [[ x5(x, y)dA r__...i
R v
i

v
- ¥ 7
- !
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Centre of Mass

Non Homogeneous L.amina:

M M
(£, ¥)— (m — ]
m m

Centroid
Homnogeneous Latnina:
1

1

x—WLJxM and y:mgyd/{
Moment Inertia:
a. I, = [[46(x, y)dd
b- 1,= ﬁyzé‘(x, y)dA
- 1= ﬂ ( + )8 (x, y)dA
R

In 3-D: Solid !
Given that 8(x, y, z) is a density of solid

Mass, m= Hj&(x,y,z)dV

If 6(x,p,2) ¢, where c is a constaut, m _[U dA is voluine.
G

Moment of Mass

a. About yz-plane, M, - [[[x6(x,y,z)dV
b. About xz-plane, M _ = ﬁj yé(x, y,2)dV
¢ About xy-plane, M, = fj [28(x,y, 2)av
G
Centre of Gravity
7.7 Mo M M \(,ﬁRBUKP‘
o
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Moment Inertia

: ENGINEERING MATHEMATICS III

a. About v-axis, I, = j j j (1 2)S(x, v, 2)dV
G

L. About y-axis, [, ~J'J-_[(12 +25)0(x, v, 2)dV
(€3

£ About z-axis, [, = m (x* +y)o(x, y,z)dV
G

Directional Derivative

D, f(x,y)=(fil f,j)u

Del Operator
3]
V:Li+ij+ik
ox oy oz

Gradient of ¢ =V ¢

Let F(x,y,z)= Mi+ Nj+ Pk, hence,

The Divergence of F=V.F = = +

The Curlof F  VxF
i
_|2 2o
lox oy
M N
B \ dy

oP aN']i [ap oM
(72,‘

oM o oP
ay oz

k
d
o
P

(3 Y ax
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)_ (6]\/ aM'J
Jj! k
k dy
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Let C is smooth curve defined by r(#) = x(:)i 1 v()j 1 z(#)k , hence,

The Unit Tangent Vector, T(f) —

The Principal Unit Normal Vector, N(#) =———

The Binormal Vector, B(¢) = T(¢)x N(#)

('urvature
=TI
'@l

Radius of Curvature

1
joE=—
K

Green’s Theorem

e

Gauss’s Theorem

LIF-ndqzjle-FriP’

Stoke’s Theorem
mF-dr:H(VxF)-ndS
a S

Arc Length

If r(£) =x(O)i+ y(1)j+ z(1)k,t € [a,b], hence, the arc length,

r'7)
Il

T'®)
IT'@

s=[Ir@ld =[x OF +[y'OF +[z O

10



