Basics of Electromagnetics — Maxwell’s Equations (Part - 1)

1.

Soln.

Soln.

Soln.

> — -

$A.dl=¢._.dS
[GATE 1994: 1 Mark]

7€Z dl = ﬂ V X 4 .da using Stoke’s Theorem
=$.VxA.ds

The electric field strength at distant point, P, due to a point charge, +q,
located at the origin, is 100 p V/m. If the point charge is now enclosed by
a perfectly conducting metal sheet sphere whose center is at the origin,
then the electric field strength at the point, P, outside the sphere, becomes
(@) Zero (c) - 100 puV/m

(b) 100 pV/m (d)50 uVv/m

[GATE 1995 : 1 Mark]

The point charge +q will induce a charge — g on the surface of metal
sheet sphere. Using Gauss’s law, the net electric fulx passing through
a closed surface is equal to the charge enclosed=+qg-q=0

D=0, E=0at point P.
Option (a)

A metal sphere with 1 m radius and surface charge density of 10
Coulombs / m? is enclosed in a cube of 10 m side. The total outward
electric displacement normal to the surface of the cube is
(@) 40 © Coulombs (¢) 5 © Coulombs
(b) 10 = Coulombs (d) None of the above

[GATE 1996: 1 Mark]

The sphere is enclosed in a cube of side = 10m. using Gauss’s law, the
net electric flux flowing out through a closed surface is equal to
charge enclosed.



gf;ﬁsﬁ .da = Q(enclosed)
= Pg 4mrr?
=10 x 4w
= 40w coulombs

Option (a)

4. The Maxwell’s equation, V X H=]+ Z—Lz IS based on

(a) Ampere’s law (c) Faraday’s law
(b) Gauss’s law (d) Coulomb’s law
[GATE 1998: 1 Mark]

Soln. Ampere’s law states that the magneto motive force around a closed
path is equal to the current enclosed by the path

For steady electric fields
$H.di=1= [[] .da
J = 6E is the conduction

Current density (amp/m?)

For time — varying electric fields:
$H.dl = [[(J+]a) -da
Where]_d) is the displacement current density ‘;—lt)

By Stroke’s theorem
$H .di = [[(VxH).da

—

— - oD
SOVXH—]-FE

J+ ‘;—l: Is the total current density (Conduction current density
+ displacement current density)

Option (a)



5. The time averaged Poynting vector, in W/m?, for a wave with E=
24/ @H+EDG Vim in free space is

24 4.8 —
(a) T az (C) T a
(b)=a, ()—=a,

[GATE 1998: 1 Mark]
Soln. E = 24e/(«@t*EDqy
The wave is travelling in negative Z direction with |E| = 24 V/m.

Poynting vector P = ExH instant areous power /m?

E
Z=Mo= 120m

Time averaged Poynting vector
Pavg = PZ(_aZ)

_E? _ (92
T 2n,  2x120m

_ 24 2
—nW/m

S 24

Pavg = Taz W/‘In2

Option (a)

6. A loop is rotating about the y — axis in a magnetic field B =
B, cos(wt + ¢) a, T. The voltage in the loop is
(@) zero
(b) due to rotation only
(c) due to transformer action only
(d) due to both rotation and transformer action
[GATE 1998: 1 Mark]

Soln. The magnetic field changing with time
B =Bycos(wt+ ¢p)axT

The voltage induced in a stationary loop due to time changing
magnetic filed as given by Faraday’s law is



Soln.

9B ——
Vi = — ffa .da
The voltage induced in a loop moving with velocity v in steady
magnetic field is

Vi =$(BxB) =~ [ 2 da+§,(%xB).di

The voltage induced in loop is due to both rotation and transformer
action.

Option (d)

An electric field on a plane is described by its potential
V =20(r~1 + r=2) where r is the distance from the source. The field is
due to
(a) a monopole
(b)a dipole
(c) both a monopole and a dipole
(d)a quadrupole
[GATE 1999: 1 Mark]

The potential V1 at a point P due to a monopole Q is given by
__ Q@

T 4m EoT

Vi

The potential V at the distant point P due to it’s dipole is

Vz 3 Qdcos0
4meyr
V=Vi+V, =7+
Option (c)
Identify which one of the following will NOT satisfy the wave equation.
(a) 50¢"“ 7 (c) cos(y? + 5t)
(b)sin[w(10z + 5t)] (d)sin(x) . cos(t)

[GATE 1999: 1 Mark]

Soln. fx—ct)or f(wt—Bx) —————————



Represents wave travelling in the positive x direction with velocity

V= V=2
C or 5

Accordingly 50e/(®t=8%) represents wave travelling in positive Z
direction with velocity V = %
sinw (10z + 5t) = sin5(wt + Bz), = 2w
Represents wave travelling in the negative Z direction
1
sin(x) cos(t) = > [sin(x + t) + sin(x — t)]
Represents standing wave consisting of two waves: one travelling in

negative ‘x’ direction and other travelling in positive ‘x’ direction.

cos(y? + 5t) is not of the form f(x — ct) or f(wt — Bx). This
function does not satisfy the wave equation.

Option (c)

9. Theunitof VX H is
(a) Ampere (c) Ampere/meter?
(b) Ampere/meter (d) Ampere-meter
[GATE 2003: 1 Mark]

Soln. VxH=] +Z—l: amps/m?*

Option (c)

10. V X V x P, where P is a vector, is equal to
(@) P x VX P —V2p (c)V2P+VXP
(b)V2P +V(V-P) (d)V(V-P) — V2P
[GATE 2006: 1 Mark]

Soln. VXV x P =V(V.P) — V2P
Option (d)

11. [f(V x P). Ds, Where P is a vector, is equal to
(@ $P.dl (b)PV XV xP.dl



(c)pVxP.dl (d)f[fV.Pdv
[GATE 2006: 1 Mark]

Soln.

ﬂ (VxP) .ds= §,P.dl using Stroke's Theorem

Option (a)

12. If Cis a closed curve enclosing a surface S, then the magnetic field

intensity H, the current density f and the electric flux density D are
related by

@ Hds=[ (J+5).dl
(0)ff;Hdl = [ (J+2).as
©ff H.ds=[, (T+2).dl
@ Hdl = (T+2).ds

[GATE 2007: 1 Mark]

Soln. For time varying fields, the ampere’s law relating H,JandDis given
as:

By stroke’s theorem
—_— —> —_— -> aﬁ e
$H .dl=ffS(V><H).ds=ffs(]+E) .ds

Option (d)

13. For static electric and magnetic fields in an in homogenous source-free
medium, which of the following represents the correct form of two of
Maxwell’s equations?

@V.E=0 (C)VXE=0
VXB=0 VXB=0

(b)V.E =0 (dVXE=0
V.B=0 V.B=0

[GATE 2008: 1 Mark]



Soln. Considering the Maxwell’s equations for electromagnetic fields,

— - aﬁ
VXH—]+E

aD
VXE__E
V.sz
V.B=0

For static electric and magnetic fields

VxH=] VD=p
VXE=0 V.E=0
Option (d)

14. Two infinitely long wires carrying current are as shown in the Fig below.
One wire is in the y-z plane and parallel to the y-axis. The other wire is in
the x-y plane and parallel to the x-axis. Which components of the
resulting magnetic field are non-zero at the origin?

ZA
1A
CCICCICCIIOnammmmmniing() — """ C
////// >Y
X /

///’
(@) x, y, z components (¢)y, z components
(b) X, y components (d)x, z components

[GATE 2009: 1 Mark]

Soln. When a current | flows in a closed circuits, the magnetic field
strength H at any point is a result of this current flow



H
R
P —
d _IdlxR
W R H= 41 R?

Idl

R is the unit vector in direction of R. The direction of H is
perpendicular to the plane containing Idl and R.in the direction in
which right hand screw would move in turning from Idl to R. The

first current element is in Y direction and R is in Z direction. H is in
X direction.

The second current element is in X direction and R is in Y direction.
H is in Z direction

Resultant B = B_{ + B_z)
Bo(Kia, + K,a,)
Option (d)

15. The electric field component of a time harmonic plane EM wave

Soln.

traveling in a non-magnetic lossless dielectric medium has amplitude of 1
V/m. If the relative permittivity of the medium is 4, the magnitude of the
time-average power density vector (in W/m?) is

()= ©) 3207
(b) = @207

[GATE 2010: 1 Mark]

Time average power density = -EH

X

NiR N

E2
P = il
av n

Intrinsic impedance of EM wave y = |-

_ | H#o _ 120m _
7= /460_—2 = 601

T



_E2 1

Poy = 2y 2X60m
1
T 120m
Option (c)

16. Consider a closed surface S surrounding a volume V. If # is the position

vector of a point inside S, with 7 the unit normal on S, the value of the
integral ¢ 57 .7 ds is
@3V (c)10V
(b)5V (d)15V
[GATE 2011: 1 Mark]

Soln. Sis a closed surface surrounding a volume V

I1=¢5r.nds
In spherical coordinates, differential area in a,. direction
in  d, direction
ds = (rd0) .(rsin@d¢) = r*sin0 do d¢
I1=[[5r . ir’sin@ dO d¢

2

Y
:jf 51r3sin@ do d¢
00

™ 2m
= 5r3fsin9 dBf do
0 0
= 5r3(2)(2m) = 20mr3

=15 Gm‘3) volume of sphere = gmﬂ3

=15V
Option (d)



17. Consider the following statements regarding the complex Poynting
vector P for the power radiated by a point source in an infinite
homogeneous and lossless medium. Re(P) denotes the real part of P, S
denotes a spherical surface whose centre is at the point source, and
denotes the unit surface normal on S. Which of the following statements
is TRUE?

(@) Re(ﬁ) remains constant at any radial distance from the source

(b)Re(P) increases with increasing radial distance from the source

(c) $.Re (P).7 d S remains constant at any radial distance from the
source

(d)$.Re(P).7 d S decreases with increasing radial distance from the
source.

Soln. gﬁSRe (P).7n ds gives average power and it decreases with increasing
radial distance from the source

P = E x H is a measure of energy flow per unit area. watts/m?
Option (d)

18. Consider a vector field A(7). The closed loop line integral 9S/T .dl can
be expressed as

(@) gf;@(v X /T) .ds over the closed the closed volume bounded by the loop
(b) §f$(V . A) dv over the closed volume bounded by the loop
(©) [Jf (V x A) dv over the open volume bounded by the loop

(d) ff(V x A) .d5 over the open surface bounded by the loop
[GATE 2013: 1 Mark]

Soln. $ 4 dl = [J(V x A) .ds over the open surface bounded by the loop,
using Stroke’s theorem.

Option (d)

19. The divergence of the vector field A= xa, +yad, +za,is
(@0 ()1
(b)1/3 (d)3
[GATE 2013: 1 Mark]



Soln. 4 = xd, +yad, + za,
diaA = V.4
di  9i | Ok A A A
=(a+£+z).(xax+yay+zaz)
ai , di | Ok . .
—(£+5+£).(xl+yl+2k)
=1+1+1=3
i.i=ii=k.k=1
Option (d)

20. The force on a point charge +q kept at a distance d from the surface of an
infinite grounded metal plate in a medium of permittivity € is

@~0

2
(c) ——— towards the plate

(b)—L— away from the o
2
1?7‘[1:6 d? y (d) 4an — towards the plate
plate

[GATE 2014: 1 Mark]
Soln.

= qxq
Force F = 4n£(2d)2

16med?

Force is attractive and towards the plate

Option (c)






