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Electromagnetics

Vector Analysis

CHAPTER

MCQ and NAT Questions Q.8 Given a vector A in spherical coordinates as

A=5sin0 gy +5sino ay. The divergence of A

¢=%) is )

Q.1 For agiven vector field A = 5x2(sinn—;)éx .The

. - T
divergence A at x = 2 is e v-Aal (r= . 2
Q.2 A field A=3x%yza, + x°z4, +(x°y - 22)a, can Q.9
be termed as '
(@) lIrrotational (b) Divergence less
(c) Solenoidal (d) Rotational are the values of &, at different points on the circle.

Consider points A, B, Cand Don a circle of radius
2 units as in the below figure. The items in List-1I

Match List-1 with List-Il and select the correct

Q.3 Theangle 6,5 between the vectors ) , .
answer using the codes given below the lists:

A=3a +4a,+a,and B=2a,-5a,is nearly
(a) 83.7° (b) 78.7°
(c) 63.7° (d) 83.7°

Q.4 The total length of the curve u = cos?6 (Cylindrical
co-ordinates) from06 =0t0 0 =mis
(@) 05m (b) 1.0
(c) 20 (d) =

Q.5 Laplacian of a scalar function V is
(a) Gradientof V

(b) Divergence of V List-I List-lI
(c) Gradient of the gradient of V A
(d) Divergence of the gradient of V A. 1. &
Q.6 Forasolenoidal vector field B. 2 éy
F =(x+3y)a, +(5y +22)a, + (x - Qz)a,, C. 3. -4,
the value of Q must be R
D. 4. (a, + ay)/\/§
Q.7 Divergence of a vector div D in the cylindrical
coordinate system is 5. —(a, + éy)/\/§
10 19D, oD oA
——D,)+———+—"% 6. (4, -a,)/\2
(a)pap( o) > 90 oz (a,-a,)
Codes:
19 1 9(0D,)  19(ZD
() ~2(pD,) +~ L0=e) , 1HZD.) A B C D
pop p oz 0z @3 4 5 2
10 19D, oD
(C) __(pr)+__¢+ 4 (b) 1 6 5 2
P dp p oo 0z ©1 6 2 4
aD, . oD, , 9D, (d3 5 4 2

@ 35 "2 "oz



MmMBDE ERSY

Q.10 The unit vector extending from origin toward the
point G(2, -2, 1) is

(a) 23 +3é +lé (b) —gé +§“ +lé
3 37 37° 37 37 3°
2. 2. 1. 2. 2. 1.
—a —-—a, ——a -—a,—-—a,—-—a

© Fa-384 -3& () —J&-34 34

Q.11 For vector field 7' = xa, + ya, + za,,

1. V. (Vx7r)=1

2. Vvxr=0

3. V.-r#0

4. v({r-r)=r

Which of the above relations are true?

(@) 1and 3 (o) 1and 4

() 2,3and 4 (d) 2and 3

Q12 1f A=-Vf=(x+2)a,-3z4,+(x-3y - 2)a,.

Then the scalar field, fis
(@ £+xZ+Z—2
2 2
2 2
X zZ
b) ——-2xZ+06yz+=—

2

(c) —xz+3yz+ %

2
(d) —%—x2+3yz+§

Q.13 If V= sinhx-cos ky-eP?is a solution of Laplace’s
equation, what will be the value of k?

y
T 0 11 2
(© m d J1-p

Q.14 Laplace equationin cylindrical coordinates is given

()

=

by

19 (raVY 1(a*V) 22V

vay=_2| . 2 2 0

@) rar( or j+ r2[8¢2J+ 9z°

2 2 2

%4 %4 %4
(b) v2\/=a_2+a_2+a_2

ox< dy® 09z
) vy=_P

€

2
(d) voy—19[roVi. (_ 21. K
ror| or r<sin® |00
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1% 1 9V
SINO—— |+ 5—5—-——%=
20 ] rosin“e 9o

Q.15 The vector R,z extends from A(1, 2, 3)to B. If the
length of R,z is 10 units and its direction is given
by

a= 0.6a, +0.64a, +0.48a,
the coordinates of B will be
(a) 74, +4.8a, +4.8a,
b) 6a, +6.4a, +4.8a,

(
(c) 7a, +8.4a, +7.8a,
(d)

6a, +8.4a, +7.8a,

Q.16 Given V = xcos® yi + x°e”] + zsin® yk and S

the surface of unit cube with one corner at the
origin and edges parallel to the coordinate axis,

the value of the integral IICV.ﬁdS is .

Q.17 Consider the following statements:
Stokes’ theorem is valid irrespective of
1. shape of closed curve C
2. type of vector A
3. type of coordinate system
4. whether the surface is closed or open
Which of the above statements are correct?
(@) 1,2and 4 (b) 1,3 and 4
(c) 2,3and 4 (d)1,2and 3

Q.18 Consider the vector field A =ya, +xa,. The

scalar line integral of this vector along the
parabola x = 2y? from point (2, 1, -1)to (4, 2, -1)

IS
(@) 7 (b) 14
(c) 5 (d) 28

Multiple Select Questions (MSQs)

Q.19 7= xi + y] + zk represents a position vector and

(Wl represents the normal of vector 7, then which
of the below statements is/are true?

(a
(b
(c
(

Divergence of 7 is 3.
Gradient of Il 7 IP is 37
Curlof 7 is O

d) Laplacian of Il IP is 6.

)
)
)
)
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Q20 If F=xi+yj+2k and r=x2+y2+ 22, then

which of the below relations are correct?

—

@ Viogn=L () v(ij -
r r r

c) V~(r%):1

Q.21 Let F = xy?4, + 4, +x°ya, and the surface S

consists of a square of length 2 lying in the xy plane
as shown below:

(4,4,0)
Which of the following options is/are correct?
(a) J'.[/:'-ﬁds =80

S

(b) [[(Fxn)ds =1204, - 1124,
S
() VxF=x?a, - 2xya, —2xya,

(d) [[(VxF)-Ads=-120
S

Q.22 If [3, b, ¢] represents the scalar triple product of

vectors 3, band@& then which of the below

statements is/are true?

m Vector Analysis

1. (3142) 2. (a) 3. () 4.
8. (25 9. (d 10. () 11.
15.  (c) 16. (1) 17. () 18.

22. (c,d) 23. (ad) 24

oo packace YA

(b,c,d) 25.
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coplanar.
Q.23 The values of a for which the vectors
A=aa, +2a,+104, and B= 4aa, + 8a, - 204,

are perpendicular is/are
(@) 1
(c) 3

Q.24 Which of the below vector identities are true”?
(@ Ax(BxC)=(AxB)xC
(b) AXx(BXxC)+ Cx(AxB)+Bx(CxA)=0
() (BxC)x(CxA) =CA-BxOQC)
(d) (AxB)-(CxD)=(A-C)(B-D)-(A-D)(B-C)

Q.25 For the scalar function, ¢ = x?yz%, which of the
below statements is/are correct?

(@) From the point (2, 1, =1) the directional

derivative of ¢ is maximum in the direction

represented by vector —12j — 4f +4k.

(b) The magnitude of greatest rate of change of ¢
from the point (2, 1, 1) is 411,

(€) (x=2)+(y—1)—-3(z+ 1) =0 represents the
tangent plane to the surface ¢ = 0 at point
(2, 1,-1).

(d) ¢ satisfies the Laplacian equation.

HEEEN
(@) 5. (d) 6. (6) 7. (c)
(d) 12.  (d) 13.  (b) 14. (@
(b) 19. (a,c,d) 20. (b,d) 21. (b,o)
(b, c)
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Vector Analysis
BN 3142
Div A = i[5x2(sinﬂﬂ
ox 2
- 5x2(COS %J : g +10x sin (%)
Div A

, = gx5(2)zcosn+ 10(2)sin(r)

xX=

- —5><4xg = 10m=-31.42

EN @

A = 3x°yza, +x°za, + (x°y - 22)4,
N d, 3 9,3
A= —CxY)+—xT2)+— -2z
VoA = 5 B2+ (%2 5 (Y -22)
= bxyz — 2
v.A #0 = Ais not a solenoidal.
a a, a,
s 92 9 9
VXAT1 5% 9y oz
3lyz x°z xPy-2z

= (x°- xs)éx —(3x%y - 3x2y)éy +(3x°z- 3x22)é2
=0
= A is irrotational.

El
A-B = ‘Z\HE‘COSGAB
A| = V@2+ 2+ #=Jb
|B| = J22+ 5% =29

- o

A-B =(4x2)-(1x5)=3
3
coSO,p = ——
A 26% 29
_ 3
0,,= cos'| ———— |=83.7°
AB [\/26><29}

(a)

% (1+cos20
fcoszede= f T =L

2 2
0=0 0=0

[ 5. JC)

VeV

V-(VV)
divergence of gradient of V

coow packsce VAL
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[ 6. Q)

The vector will be solenoidal if its divergence is
zero

-5 -

V-F =0

:iE%u+3m+§%@y+2a+§%u—cm:o
= 1+5-Q=0
= Q=06

(©

Divergence of vector D in different coordinates
system is given by:
Cartesian coordinates:

_. aDb, 9D, oD,
vV.-D = +
ox dy 0z
Cylindrical coordinates:
-~ 19 1 9D, oD
.D =——pD,)+— —+—=%
v.-D pap(p b) 0 90 oz
Spherical coordinates:
5. 19 19 psing)s ——. 2%
v-D = r ar(r D’)Jrrsine 90 (D98|ne)+rsine 90
s I8
In spherical coordinates,
= 1 8 2 1 8 .
V-A= - —(rrA)+———(Ay -sind
r? ar( ) rsin® ae( 0 )
L1 A
rsin® 0o
- 1 0 . 2 0 .
V-A=——.—(5sin“0) + ———(bsin
rsing ae( ) rsmea¢( 0)
V. A - 10cose+5cgs¢
r rsin®
-5, 1105
12 1
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At A: & = -a [ 13. [

V = sinh x-cos ky- eP?

AL B . a4, ta
tB: G = - NG Laplace equation
4,+4 viv=0
At C: 4, = —=~ 2 2 2
d ) 0
G )+ 5+ () =0
At D- G = & X )% 0z
sinh x-cos ky-eP? — k? sinh x-cos Kky-eP?
m (c) + p?sinh x-cos ky-eP?=0
OG = 2a,-24,-4, sinh x-cos ky-eP? (1 - k? + p?) = 0
OG 2a,-24,-4, 2, 2, 1, K2 =1+ p?
o ‘@' T J2iip 30 3 3%
‘ +2°+ k= 1+ 0%

11 [0 14 [0

Laplace equation

a, a, a,
b} ) 0 2 2 2
VXl =|— — —|=0 ﬂ+ﬂ ﬂ =0 (Cartesian coordinates)
dx dy 0z x> Ay? 9z
x Yy oz
1 a( BVJ 10%V 9%V
.9 d d L s+ =0
V= =) +—()+—(2)=3 2 90° 2
ax(x) ay(y) aZ( ) popl op | p2av’ oz
o o R R R R R R (Cylindrical coordinates)
F-7 = (x&,+ya, +24,) (xa, +ya, + z4,)
_ .2 2 2 ii rza_\/ + 1 i Sinea_v + 1 82_\/:
=x"+y +z r2or or | r2sin@ oo 90 | r?sin® 99°
V(7 -F) = %(XZ +y2+2°)a, + %(XZ +y2 22)éy (Spherical coordinates)
+ 24y s )8, 15 [0
0z As R,z length is 10 units
= 2x& 2ya 2za, = 271 5 5, =
xa, +2ya, +2za, Rug = ‘RAB‘a
[ 12. [[C) R, = 108=63, +6.44, +4.83,
A= -vf A radial vector = &, +24, +34,
of »  of . Of » = > =
=-—4a -—a,-—a Ras = B-A
¥ oy Y 9z SR
Comparing it with given vector, B = Rap+A
of B =10a+A=74, +8.44, +7.83,
P —(x+ 2
- oo
= =~ Azt H(y,2) Using divergence theorem,
V.hdsS = v-V).aV
g—; =3z= f=3yz + fy(x,2) Cﬁ)V nas m.( V)
- 0 2 0,2 d 2
V.-V = —(xCO0S +—(x"€e" )+ —(ZsIn
of =—(x-3y-2 ax( Y) ay( ) aZ( Y)
0z 2 in2
2 = COS“y + sin<y = 1
= f= —xz+3yz+?+f3(x,y) #V-ﬁds - md\/
2 2 = Volume of unit cube = 1

f= —%—x2+3yz+%





