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y ] lifth Semester B.E. Degree Examiqa;ﬁ___'on,'ilan./Feb. 2021
o Electromagnetic Waves

? Max. Marks: 100
e: Answer any FIVE full questions, chaos;ng ONE Jull question fmm seach module.

MUALORE N

s s

Module-l

1 a State and explain Coulomb’s law i m VEctor form. (05 Marks)

b. Derive the relationship betwe.an"dgth products between umt. ve,ctors of the three coordinate
systems. Transform the follo__ 'mg'vectors to spherical system ‘at the point given :

i) 10acat P(3,2,4) * 3 '

i) 10ay at Q(5, 309 ) (07 Marks)

¢. Four 10nc positive cha:rgcs are located inz = 0 plane at the corners of a square 8cm on a

side. A fifth 10nc charge’'is located at a point 8cm‘distant from other charges. Calculate the

magnitude of total*force on this fifth charge for E = E,. (08 Marks)

2 a Using Coloumb s law, derive the express:on for electric field Intensity ‘E’ due to an infinite
sheet of" c:harge of surface charge dens;ty ps c/m’. - , (08 Marks)

b. Four: umform sheets of charge are  Togated as 20 Pc/m’ at y&7:-8Pc/m’aty=3 ;6P c/m’
aty= —1; —18Pc/m’* aty= —4.Find E at i) P (2, 6,-4) ii) P (10°, 10° 10°). (06 Marks)

c. Findthe net outward flux (q;) through the surface;of a:cube 2m on angdge centered at origin

if D = 5x%ax + 10za, o/m% (The edges of cube are paralicl to coordmate ‘daxes). (06 Marks)

2. Any revealing of identification, appeal to evaluator and /or equations written eg, 42+8 = 50, will be treated as malpractice.

ModgleLZ
3 a. State and prove Gauss law in Integral form™: = - - (05 Marks)
b. Find the volurm: cha:ge density at the. pomts indicated if % : _
) D= 4pz 5in ¢ a, + 2pz cosﬁ¢_a¢+ 2p* sin ¢ a c/m at PA [ 2,2)
y : T T
+ cosf C03¢ ap—sin ¢ a¢c!m at Pg [2 3 6) (07 Marks)
5 2
~_a,c/m® in spherical co-ordinate for
(08 Marks)
4 a.  Find the work done in movmg a’Sp.c charge from origin to P(2, —1, 4) through
E = 2xyza, +'x*2ay + X’y a; V/m via the path :
i) Straight line segmients (0, 0, 0) to (2, 0, 0) to (2, —1,0) to (2, —1, 4)
i) Straight line x =_'—2y z= 2x (08 Marks)
b. Find ‘E’ at P(3, 60° 5°) in free space, given V = e s:n . V. (06 Marks)

Important Note : 1. On completing your answers, compulsorily draw diagonal cross lines on the remaining blank pages.

c. Derive equatlon 0 _;contmulty GivenJ = —10°2" a, A/m’® in a region 0 < p < 20pm, find the
total current crossing a surface z=0.1m. : (06 Marks)
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Module-3 ;

Derive .the expressmn for capacitance of a cylindrical capacltor using Laplace equation.
Assume V=Vjpatp =aand V=0atp=b,b>a. (08 Marks)
In spherical co-ordinate V = 865 V at r = 50cm and: B = 748 ) ar at r = 85cm. Determine the
location of voltage reference if potential depends only on (08 Marks)
Verify whether the potential function V = 2x° 3x2” Fz sat1sﬁcs Laplace equation. '

o, (04 Marks)

OR oy :
Derive the expression for magnetic ﬁeld mten51ty ‘H> at the centre of a square current
carrying loop of I amps with side ‘L meters using Biot Savart s law. (08 Marks)
Given H = x;?. Ya + ia A/m fmd J. Use J to find totai ‘current pass; g ch;g\h
& i,

surfacez=4, 1 <x<2,3 <y <5
Explain the concept of scalax and vector magnetic potentlal

Module-4 {'5-"

the ﬁeld

i) B =

i) E : (08 Marks)
The magnetlzatlon ina magnen ; 8 is 1502 ax A/m. At z = 4cm,
find the magmtude of i)] ii) JT,_ 1) ' (06 Marks)
Derive the expression for the force between two dlffe[entlal current elements (06 Marks)

OR ;
Derive the expression fm; the boundary condltlons between two magnetlc medias. (06 Marks)
Let the permitivity be SpH/m in region A ‘where x < 0 and;20 uH/m in region B where
x < 0. and 20 pH!m in region B where - x> 0. IfK = 150&ty — 200a, A/m at x = 0 and
Ha = 3002 — 40021,,+500az A/m. F"d 1) [Hul 11) |HNA| “iii) |HB| iv) [Hngl.

(08 Marks)
A circular loop of radius 10cm, radlus is located in'x =y plane in a magnetic field B = 0.5
cos (377t) (Bay+4a,) T. Determmé the voltage Lnduced in the loop. (06 Marks)

Module-S

! :__V,LWhat is the mconsmtency ‘'of Ampere’s law‘wnh continuity equation? Derive the modified

mpere’s law by Maxwell for time varying fields. (06 Marks)

b _GivenE=Ep, sin(@t~ Pz) a, V/m, find: i) D ii) B iii) H. sketch E and H at t = 0. (08 Marks)

Prove that the conductlon current is’equal to the displacement current between the two plates
forvV= Vo e’“" in a parallel plate‘ pacitor. (06 Marks)

OR
Show that the intrinsiq‘j_r_i:ﬁ‘iiiék:‘lance of the perfect dielectric n= :ill = J% and show that its
value in free space is- 37'?9 (08 Marks)
A uniform plane wave of a frequency 300MHz travels in +x direction in a lossy medium
with E; =9, pi= 1'and o = 10 mhos/m. Calculate y, o, B and 7. (06 Marks)
State and prove Poynting theorem. . (06 Marks)
- # ok ok ok ok

20f2



1(a).
Coulomb’s law in vector form

Suppose the position vectors of two charges g, and g, are ﬁ and ?2 , then, electric force on charge q, due to charge g, is,

- 1 4192 g
Fp=———112 (i -4
dmeg |- I ( ) aY

Similarly, electric force on g, dueto charge q is T

: 1 i q

1’21=_—dq]qd1 (B -1) I T

4ﬂEU | I‘q = I'| |J o ; s
2 3 a4,
Here q; and g, are to be substituted with sign. =
L z N T T, 21
Position vector of charges q, and g, are [ = x;1+y,J+zk »X
; 5 A _ O
and f, = x,1+y,j+2,k respectively.
Where (x,,y,.2,) and (x,, y,.2,) are d
the co-ordinates of charges q; and g, respectively
1(b).
) ) o Dot products of unit vectors in spherical
gr?é ﬁfg;ﬁ;ﬂg&%ﬁ)‘:ﬁ;ﬁfé’;;émgr'cal and rectangular coordinate systems
a, 2% B a, ag ay
a cos¢h sing 0 ay- sin 6 cos ¢ cos 6 cos ¢ —sing
o _

a,- sing cos ¢ 0 ay- sin @ sin ¢ cos 6 sin ¢ cos ¢
o 0 0 1 a;- cos 0 —sinf 0

Ans. —5.57a, — 6.18a5 — 5.55a,; 3.90a, + 3.12a, + 8.66a,;

1(c).

Arrange the charges in the xy plane at locations (4,4), (4,-4), (-4,4), and (-4,-4). Then the
fifth charge will be on the z axis at location z = 4v/2, which puts it at 8cm distance from
the other four. By symmetry, the field on the fifth charge will be z-directed, and will be fow
times the z component of force produced by each of the four other charges.

4 g 4 (107%)

E= —
V32 dmeod® 3 4m(3.85 x 10-12)(0.08)2

= 40000 V/m

2(a).



[ ]
P(x, 0, 0)

charge per unit length, is p; = psdy’, and the distance from this line
charge to our general point P on the x axis is R = /x% 4+ y”2. The contribution to
E, at P from this differential-width strip is then

dy’ xdy'
dE, zps—"cosﬁz Ps Y

27560\!’.‘{'2 + }-"’2 23'.','60 ",[‘2 + }:Q

Adding the effects of all the strips,

Os * xdy Ps YT Ps
E, = - 5 5 = tan” — = —
2men J_oo X5+ Y 2meq X . Z2e0
I the point P were chosen on the negative x axis, then
S
E, =_2
260

for the field is always directed away from the positive charge. This difficulty in sign
is usually overcome by specifying a unit vector ay. which is normal to the sheet and
directed outward, or away from it. Then

E=2
260&;\;

2(b). (i)(-20-8+6-18)/€o, (ii) (20-8+6-18)/€0,

2(c). 80C

3(a). Gauss’s law: The electric flux passing through any closed surface is equal to the total charge enclosed
by that surface.



D S normal

The electric flux density Dg at P arising
from charge Q. The total flux passing through ASis
Ds- AS.

At any point P, consider an incremental element of surface AS and let Dy make
an angle & with AS, as shown in Figure . The flux crossing A S is then the product
of the normal component of Dg and AS,

AWV = flux crossing AS = Dg jomAS = Dgcos8AS = Dg - AS

where we are able to apply the definition of the dot product
The total flux passing through the closed surface is obtained by adding the dif-
ferential contributions crossing each surface element AS,

xp:fdw=j£|dng-ds

surface

The charge enclosed might be several point charges. in which case

0 =X0n

or a line charge,
o= [pa
or a surface charge,

0= f psdS (not necessarily a closed surface)
s

Q - f Pv dv
vol

The last form is usually used, and we should agree now that it represents any or
all of the other forms. With this understanding, Gauss’s law may be written in terms

of the charge distribution as
fDS -dS = f pudv
§ vol

or a volume charge distribution,




&b,
Rb D= l'Fz__?.}n?S Qp + J_PLCQn}ng '1-2/02";‘%1% Ay

Valume oharge o{vwﬂia

2(Pp) 4+ 2Ry D=

—_—

f’aﬁ ? =

P
f’ S}r\v\# - 27 %tmg’ -{-(F ‘3-:#'\}‘)?"0

\l

- SZS%f.-:ra%{f»r;j
62-%@? ok (1L ,2) .

3(b).

3(c). I ( 5rz2/4) . (r2 sin © dO dg), which is the integral to be evaluated. Since it is double
integral, we need to keep only two variables and one constant compulsorily. Evaluate it as



two integrals keeping r = 1 for the first integral and r = 2 for the second integral, with ¢ =
0—21 and 6 = 0— 1. The first integral value is 801, whereas the second integral gives -51r.
On summing both integrals, we get 751r.

4(a).

80J

4(b).



4(c). Continuity equation of current and Problem:
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5(a).Capacitance of a cylindrical capacitor:
('a,ﬂmao‘n*fid CD-mJJLa}E! .
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5(b).Problem:
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5(c).Problem:
Brehlem:
gta V: _2{2_31145‘2—

N\ = —-,1.1451'

Laphuh equrn: 2 2 oty ?,I-D— ?_’l’
pre < Vvzo \Yl% __s;_& -+ }73'*'}3'-

= lag ('#} 31) +40© + ..23 (' .’1}5)
ot &};

- 2 (23
2 )
2 (-9 72
= —24+2
v = Given Jenbial e Sobifees .
S ' &0&'&.&» ubu;'an X

6(a).Magnetic field intensity at the centre of a square loop:




Joop. located in xy-plane, carrying current / in anticlockwise direction as

y
l}j
b
]
_iI2 o . 12
I
-2 dx

Due to symmetry, each half side contributes same amount of ma ic
Using Biot-Savart’s law, the differential magnetic field ai the origin fielg H

u
and v=—i2 is for a Balf i éh."‘*'t.
ot

=fdfxf£‘= Idi = f

= ——
4R’ 4mR?

where the current element /df = /v @, and the distance vector R=—xg (U12)
x i, N
v Heng,

48[:2 +(nz2 );TJ:
Tde( 12 )a,
; (since &, xd_ =0and 7 x5 - -
4::[11 +{Hzﬂm and &, %3, =4,

There are 8 half sides and all

: contribute to 7 in the Irecti
field intensity at the origin is "0 the same direction. Therefor, the tota Mgzt

E':SJ'HZ Jax(112)a, I;;azj.,rn dr
I
4:{1;2 +( ﬁzj’f L [;2 +(u2 ]z:r’f : |

i
_ a, 4x ¥ a7 |

- z
E x2+(.|‘.-‘2f = :;'{;,.-2}!+{H2}2
2\-’513 2427
o !

T

d, A/m

where &, is the unit normal to the -

' plane of the loop as given by the right If the
current flows in clockwise directi . . . ' Hght hand ruk.l _
SRV - Tiimetion irection, the magnetic field intensity will be in &, direction i.6. i1

6(b).Problem:

The magnetic field intensity is given in a certain region of space as

T+ 2y

H-= g

2
ayt—a; A/m

a) Find V x H: For this field, the general curl expression in rectangular coordinates simplifies
to

dH, 8Hya - 2(xr+2y) 1
- 3

VXH:—az a, + oy & aI—I—z—QaZA/m

b) Find J: This will be the answer of part a, since V.x H=1J.

¢) Use J to find the total current passing through the surface z =4, 1 < 2 < 2, 3 < y < 5,
in the a, direction: This will be

5 2
1
I=/]J|Z=4-azd;cdy=‘/3 jl 4—2d;r.dy=]]8A



6(c).Scalar and Vector Magnetic Potentials:
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7(a).Problem:
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7(b).Problem:
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7(c).Force between two differential current elements:

8.3 FORCE BETWEEN DIFFERENTIAL
CURRENT ELEMENTS

The concept of the magnetic field was introduced to break into two parts the problem
of finding the interaction of one current distribution on a second current distribution.
It is possible to express the force on one current element directly in terms of a
second current element without finding the magnetic field. Because we claimed that
the magnetic-field concept simplifies our work, it then behooves us to show that
avoidance of this intermediate step leads to more complicated expressions.

The magnetic field at point 2 due to a current element at point 1 was found to be

NdL, x a
= [l X awn
4R,
Now, the differential force on a differential current element is
dF = I1dL x B
and we apply this to our problem by letting B be ¢B; (the differential flux density at
point 2 caused by current element 1), by identifying / dL as />d Lo, and by symbolizing

the differential amount of our differential force on element 2 as d(dF»):

d(dF,) = LdL; < dB>

Because dB; = podHa,, we obtain the force between two differential current
clements,
hi
d(dF2) = 1y —dL, x (dL; x agp) (13)
4Ry,

The total force between two filamentary circuits is obtained by integrating twice:

L1 dLy x app
F, = no— dL _
2 = Mo . f [ 2 X % R%z

11]2 apr2 XdLl
= —<I£ 757 dl
Mo4 R%z X 2

14

8(a).
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8(b).






9(a).






9(b).




9(c).

10(a).




10(b).






10(c).










