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Q1 (a) Find the local extrema and saddle points (if exists) for the function

(x,¥) =2x" + y* = 2xy +20.
y y Y

(10 marks)
4 16—y2 16—x2~y2
(b)  Using cylindrical coordinates, evaluate J. _[ I zdz dx dy .
0 0 0
(10 marks)

Q2 (a) Suppose that a particle moves along a circular helix such that its position
at time ¢ is given by a vector valued function r(¢) = sin i + costj+2tk.

(i) Find the unit tangent vector T(¢).
(ii) Find the unit normal vector N (¢).
(iif)  Sketch the graph of r(¢), for 0<t <2r.
(12 marks)

(b)  Assume that the velocity of a moving particle is
V() =t +2)i+2j+e "k

and the position at =0 is r(0) =4i—3k. Find the particle position at
t=1,
(8 marks)
Q3 (a) Use Green's theorem to evaluate the integral

§x2y dx +(y +xp’ )dy,
C

where C is the path in the counterclockwise sense along the boundary of
the region defined by y = x* and x = ¥

(10 marks)
(b)  Given the vector field F(x, y,z) = 2xyi+ (x2 +2° )j +2yzk.
(i) Show that F is a conservative vector field.
(3 marks)
(i)  Find its potential function ¢(x, y,z).
(5 marks)

(iii)  Hence, find the work done in this field to move an object from a
point (1,0, 0) to (0,1, 27).
(2 marks)
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Q4 (a)  Evaluate the integral

I(x+y)dx+xydy

=
where C consists of two line segments, from (0, 0) to (1, 0) along the
line y =0, and from (1, 0) to (1, 1) along the line x =1.

(8 marks)

(b) Use Stokes’ theorem to evaluate §F -dr where
(]

F(x,y,z)=xzi+xy" j+3xzk

along the curve C where C is the intersection between the cylinder
x2+ y2 =4 and the plane x + z = 3 oriented counter clockwise.

(12 marks)

Q5 (a) Evaluate ” 3 (x2 + yz)dS, where S is the surface of the solid bounded
S

byz=49—x"—»" that lies above the xy —plane.

(10 marks)
(b) Let S be the surface of sphere x* + y* +z* =1 and F(x, y,z) = 7xi- zk.
(1) Find the divergence of F(x,y,z).
(i) Use Gauss's Theorem to evaluate

I F-nds.
S

(10 marks)

- END OF QUESTIONS -
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FINAL EXAMINATION
SEMESTER / SESSION : SEM II /2014/2015 PROGRAMME : BEJ/BEV
COURSE NAME : ENGINEERING COURSE CODE: BEE 21503
MATHEMATICS III
Formulae

Polar coordinate: x = rcos@, y=rsiné, 6 = tan ! (y/x), and
[l f(x,y)dA = [[ f(r,0) rdrdf
R R

Cylindrical coordinate: x =rcosf, y=rsinf, z=z,

Ml fx,y,2)dV = [[[ f(r,0,z)rdz drdO
G G
Spherical coordinate: x = psingcos@, y = psingsin@, z= pcosg, x2+y? 422 =p?

2

0<0<27,0<¢<m,and
([l £ ey, 2)dV = [[[ f(p,0,0)p* sing dpdp dO
& G

Directional derivative: D, f(x,y) = (fxi + fyj)-u

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

thedivergenceofF:V-F=%+QJX+6—P
ox Oy Oz
i j k
thecurlofF=VxF:£ 9 3: or _oN i_(@_P_@_A/I_)j_'_ ON _oM Kk
ox oy oz \y & ox oz x oy
M N P

Let C is a smooth curve given by r(¢) = x(¢)i+ y(t)j+ z(f)Kk, ¢ is parameter, then

- '®
the unit tangent vector: T@) = r,
)]
the unit normal vector: N@) = —T—,ﬁ
o)
the binormal vector: B(¢) =T(t) x N(t)
the curvature: = ” LG, ” = ” r)xr'© ”
Ire] rol
the radius of curvature: p=1/x
Green Theorem: §M dc+Ndy= H (QN— - Q—M—j dA
15 R ax ay
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MATHEMATICS 111

Gauss Theorem: [[ F-ndS = [[[V-Fav
3 G
Stokes’ Theorem: §$F-dr = [[(VxF)-nds
Arc length : If r(t)C= x(0)i+ ;(z) i, t € [a,b], then the arc length
s=Hroa= W OF +bOP @
If r(t) :ax(t)i + (1) ja+ z()k, t € [a,b], then the arc length
5= i\/ [xOF +y@F +[z@F

Tangent Plane :
2 =20 = [ (%0, 0 o = x0)+ 1, (0, 0 Xy = v0)

Extreme of two variable functions

D, ) = fu (), (5 ) = (£, (. )F
Casel: If D(a,b)>0and f,,(x,y) <0 then f has local maximum at (a,b)
Case2: If D(a,b)>0and f,,(x,y) >0 then f has local minimum at (a,b)
Case3: If D(a,b) <0 then f has a saddle point at (a,b)
Case4: If D(a,b) =0 then no conclusion can be made.

In 2-D: Lamina

Mass: m = [[5(x,y)dd , where 5(x,) is a density of lamina.
R

Moment of mass: (i) about y -axis, M = ”xé‘(x,y)dA,
R
(i) about x -axis, M, = ”yé'(x,y)dA
R

| v
Centre of mass, (¥,7)= (__l,_i‘_}
m’ m

Moment inertia: (i) 7, = [szé'(x, y)dA,
R

(i) 1, =[[y*5(x,y)dd,
R

(iii) 1, = [[(x? + y?)(x, y)dd
R
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MATHEMATICS III

In 3-D: Solid
Mass, m = [[[8(x,,z)dV . If 5(x,y,z)=c, c is a constant, then m = [[fdA is volume.
G

G
Moment of mass

(i) about yz-plane, M, = féjx&(x, h2 z)dV
(i)  about xz-plane, M, = [[[yS(x,y,z)dV
G

(i)  about xy-pane, M, = [[[z8(x, y,z)dV

MyZ M Xz Mxy
m m

Centre of gravity, (J?, ¥, E) = [ > 5
m

Moment inertia
i) about x -axis: /, = m(yz + 22 )§(x,y, z)dV
G

(i) about y-axis: 1, = [[[(x? +22)8(x. y.2)aV
G

(iii)  about z -axis: I, = jﬂ(xz +y2)5(x,y, z)dV
G
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