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Q.No

Question

M

CO

BL

Evaluate the double integral ”(1/9 —x?—y? )dA ,where R is the region bounded
R

by the circle x* + y* = 9 by converting the integral into polar co-ordinates.

10

Evaluate the triple integral ” _[ (x* + y?)dV by converting to cylindrical
\

coordinates, where Vis the region given byV = (x,y,z): x* +y* <4;0<z<3.

10

a) Find the directional derivative of the function f =xy®+yz?+zx”along the

tangent to the curve x=t,y =t*,z =t at the point (1, 1, 1).

b) In robotics path planning, a robot is moving in a 3-dimensional environment
modeled by the potential field F = (y?cosx+z%)i+(2ysinx—4)j+3xz?’k. Show
that this field represents a conservative artificial potential field, and compute the
scalar potential function that the robot would use for energy-efficient navigation.

a) A virtual reality (VR) haptic device applies a force to a user’s hand,
modeled by the vector field F = (x* — y® + X)i — (2xy + y) j, where (x,y) represents

the position of the hand in meters in a ZD plane. If the user moves their hand along
the straight line path from point A(0,0) to point B(1,1). Find the work done by the

force along path y* = X.

b) Using Green’s theorem evaluate, J.( y —sin x)dx+ cosx dy, where C is the plane
C

triangle bounded by the linesy =0, x = % y= (ij .
/4

An electric circuit consists of R =40Q, L =1H, C =16 x10™F .The electrical

oscillations in the circuit are free. If the initial charge and current are both zero.
Determine the charge and current at time.

10
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Q.No Question
1. Evaluate the double integral J.J.(JQ —x*—y? )dA ,where R is the region bounded by the
R
circle x* + y* = 9 by converting the integral into polar co-ordinates.
Solution:
X=rcosé, y=rsind, dA=r drdd , x* + y* =9 is a circle with centre (0,0) and radius ‘3.
52 dt
Limits: r: 0-3, 6: O—>— _HV9— rdrd@, 9-r? =t, rdr——? t:9-50
00
1 20 97
:__JI (_ _jdg__ (10Marks)
299 2
2. Evaluate the triple integral J.J.J.(x2 +y?)dV by converting to cylindrical
\
coordinates, where V is the region given byV = (x,y,z) : x* +y* <4;0<z<3,
Solution: x=rcosé, y=rsin@,z=1z,dV =r drd&dz
2z 2 3
Limits: r: 02, 0:0-27 ,z:0-3, | = [ | [r® dzdrdo =247, (10Marks)
6=0 r=01z=0
3. a) Find the directional derivative of the function f = xy® + yz* + zx*along the  tangent

to the curve x=t,y=t* z=t> at the point (1, 1, 1).

Solution: (gradf),, , = 3i+3j +3k, [%} =i+2]j+3k, % is the vector along with the
Ly

tangent to the curve. Unit vector along with the tangent = —' * ZJ +3k
J14
Directional derivative along with the tangent=grad. € = —j18_4 . (5Marks)

b) In robotics path planning, a robot is moving in a 3-dimensional environment
modeled by the potential field F = (y® cosx+ z%)i + (2ysin x—4) j + 3xz°k . Show that this

field represents a conservative artificial potential field, and compute the scalar
potential function that the robot would use for energy-efficient navigation.

Solution:
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Given F = (yvicosx+=* )?+( 2ysin x—4) 7 +3x=k
: = %
pra| B £ =
cx cv o=
yPcosx+= 2ysinx—4 3x=°
VxF = =;[0—0]—_}'[3:‘ —3::~+;'[2 'cosx—2ycosx|= 0i —0;+0k=0
Hence F isirrotational
Finding Scalar Potential
F=Vg¢g
-2 %= - = 2 —Ch -8 S
=—=>(3y cosx+z )i+(2ysinx—4) j+3x= k= 1% + 7 é—+— f
ax Sy &
The scalar potential function = ¢ = y*sinx+xz° -4y +C. (5Marks)

a) A virtual reality (VR) haptic device applies a force to a wuser’s hand,

modeled by the vector field F = (x* — y* + X)i — (2xy + Y) ], where (xy) represents the
position of the hand in meters in a 2D plane. If the user moves their hand along the

straight line path from point A(0,0) to point B(1,1). Find the work done by the force
along path y* = x.

Solution:

Given F = (x2— y2+ x)T— (2xy + ¥)J
dr = dxi + dyj

F-dif = (x2 — yv2+ x)dx — (2xyv + v)dy
Given yv2 = x = 2ydy = dx

Along the curve C. v varies from 0 to 1.

[ F-dr= [J(rD?— y2+ y?) 2ydy — (2(yDy + y)dy

= [j(2y5 — 2y +2y% — 2y3 — y) dy
= 1(2 115 - 2’1’3 - 1’) d"tf
*(2: ) V) dy

- % 22-

2
4

(5Marks)

b) Using Green’s theorem evaluate, I (y-sinx)dx+cosx dy, where C is the plane
. . /4 2

triangle bounded by the lines y =0, X = > y= [—jx .

T
Solution:
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Solution: Green's theorem states that deeraf\' = f ... Cf‘) g | dxdy
z TrlSx v
Given J- (v —sinx)dx +cosxdy
C Y
- 2P 2, : e
P=_1'—sxn.\'36_—=l :Q=cosx :>C_Q=—sxn.\' \':i/
cv cx . s
— - GE
f(_r —sinx)dx+cosxdv= || (—sinx—Ddxav A=y
c 2 P 2
— A’

(5Marks)

An electric circuit consists of R =40Q, L =1H, C =16 x10™F .The electrical oscillations

in the circuit are free. If the initial charge and current are both zero. Determine the
charge and current at time.

2

Solution: The differential equation is c(ijTg + 40% +6259=0

The auxiliary equation is m* +40m +625 =0

The rootsare m=-20+i15

The complementary equation is q(t) = e *®(Acosl5t + Bsin15t).
Initial conditions q(0)=0 and i(0)=q’(0)=0

From q(0)=0; A=0.

Compute q’(t); q'(t) = e " ((~15A - 20B)sin15t + (—20 A +15B) cos15t);
At t=0; q’(0)=-20A+15B=0; B=0

Thus A=B=0, so the solution is the trivial one.

q(t)=0, forallt, i(t)=q'(t)=0 for allt

With zero initial charge, zero initial current and no applied emf the circuit contains no
stored energy, so it remains at rest for all time. (10Marks)




