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Electromagnetic Field Theory

m

3 m.rwn_u.mn dipole
il. Flux lines

i Electric dipole : s
1. Anelectric dipole is formed when tw
m.cﬁ opposite Emb are mnuuu.mhmn

6.

__.,mmum_q D is tangential at every EEF

F

Electrostatics

‘where r and r , are the distances between P and + @, and P and — Q.

& fr>>d, n, - m.. = d cos 0, m m =r? then eq. (2.14.1) becomes

@ dcosh

(214
e (2.14.2)

V=

mEﬁwRaoao Rh where d = da, and if we consider p= Q&mu&_uo_m
‘moment then eq. G 14.2) Ema. be written as

i l..

yo _pd 2 (2.14.3)
dneyr
H.Em dipole center is not at the origin but at 7, eq. (2.14.3) becomes
Vir)= —PT-T) (2.144)
dze|r-rf
The electric field due to the dipole with center at the origin is given as
= avi - BLdy .
v ﬁ = a, + =0 nL

mmu - .sammmha.ua&_mﬁmn.om_
dne, T .

k ii. Eleetric fluxline : An electric flux line is an imaginary path or a line

drawn in such a way that its direction at any point is the direction of the
electric field at that point. These are the lines to which electric flux

.s“.wﬂ,.d

».mm.u,.«._: 1.

2. The potential at point P(r, 0, ¢) is given ww

Q |1 it
Vi= IIIT.JL Q ﬁ.i __; (214.1)
: h..__.n me -+ -+

Firz

ISt

Mhﬁ. Derive energy density in electrostatic field.
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Electromagnetic Field Theory

1. Consider the volume charge distribution with uniform charge n_mn.ﬂ 2
p, C/m3. Therefore total energy stored is

1
= mqu%
—
2. Since, p,=V:-D
H. b
Wp= 3 ‘q (V-D)V dv
3. For any vector M and scalar V, the identity
V-VA = A-VV+V(V-4)
or - ME V. qm m vV

of eq. (2.15.4), we have 7
ﬁu m?ﬁs -dS -~ _ Sfﬂa
el

5.0 \We know that VVkies 2071/r atalll as 1r? for poin

. charges; V varies

-
as1/r?and D as Vr® for dipoles; mbmmoou. Hen.
ary at least as 1/r2 while dS

nunwmdmwvwmnmmimomooﬁa 3 .
4Eummmmwu
m.Ooummacmuzw.nwmmHmﬂ Ewmmuwuﬁ mn w%u E:wﬁgmnouﬂownerm

surface S becomes large. m% ) reduces to
We=~5 % G VV)dv=— ?u Bdy (2156

7. Since, E =-vVand D=q,E
il = 1
.S\_Wu M%b..@ﬂc“m_‘@ .Nm R.n.- ..._HN.HQ.S
v o
8. From this, we can define electrostatic mﬁmnmw density En (in J/m®) as
dWy 12
wp = <G 5D =g e B ~(2168)

: m Y
So eq. (2.15.6) may be written as

2-19 B (EN-Sem-3)

B. Numerical:
il

e, VD in the first term

Electrostatics

Wy = [wg dv ..(2.15.9)
v

A Derive the mathematical expression for energy stored

ric field. If V = yx? + zx + xy V. Do the analysis of E at
and the electrostatic energy stored in a cube of side 4 m

[AKTU 2021-22, Marks 10 |

" A Energy stored in electric field : Refer Q. 2.15, Page 2-18B,

Unit-2.

—yx*+zx+xy V
mu MM“‘GR +zx+xyl =Zyx +z +y
w = .WGH»+NH+H& =x*+x
WHWGR»+NH+QH =x

2. The electric field is given by

=-VV =_|—a+—a+—a.

[(2yx+z+ya_+( +x)ay +xa ]
1o — (2yx + z+y)a, —(x* + x)ay—xa, —(216.1)
" E|ggn= —(2x3x2+7+3), —(4+2)ay—2a,
®, = 24, —64,—2a, Vim
3. gwﬂomom_hﬁﬁmn (2.16.1)
|E| = J@yx+2z+yF+ "+ 2 +2°
|E|2=xt+ 2%+ 22 + 0+  + T+ Dz + dyx + dmyz
The cube of 4 m side is centered at origin, so—2<x,y,z<2
4. The energy stored is given by,

ol
E_NH mmuh_mwu%

[ iontee.s
T2 o1 -2

+ 2yz + 4y*x + 4xyz) dxdydz
wm_. (1010.13] = 505.6¢,J

1
i
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Electromagnetic Field Theory

2-21 B (EN-Sem-3)

Que 2.17. | Point charges @ =1 nC, @,=-2nC, Q; = 3 nC and

Q, = - 4 nC are positioned one at a time in that order at
(0,0, 0), (1, 0,0), (0,0, -1) and (0,0, 1) respectively. On.—n&h»mﬁ-aﬂﬂoa._.

in the system after each charge is positioned.

o

When Ou is Emnmm there is field of Oa present.

Wo=@, V5= @, % Q..
2% hnmnhﬁ.
lmxpc-.xuxmo...._

3. S_umu Q is placed, there is field due to @, and @, both
W=@3 V5 +Q3 Vs
S«m = ﬁ 0_. 3

_ 3x10° szu. |

4 e, 1
4. When @, is placed, thereis field due to @,,

and mwt.” H.huwﬂ )\m.mﬁw"

-4x10°[1x10° 3.
&ﬁ _f

(1,0,0)

(0,0,-1)

Fig. 217.1.
5. Total energy, We=W, + W, + Wi+ W,
=0-17.9754 —11. Hmm 39.035 =—68.178 nJ

Electrostatics

PART-6

5 Material Space : Properties of Materials,
tion and Conduction Currents.

1. Materials may be classified in terms of their conductivity o, in mho per
meter (75 /m) or Siemens per meter (S/m).

2. The conductivity of a material usually depends on temperature.

3. A material with high conductivity (¢ >>1) is termed as metal whereas
one with low conductivity (g << 1) is termed as insulator.

4. At temperatures near absolute zero (7 = 0 K), some conductor mnr#nn
infinite conductivity and are called as superconductors.

Que 2.19. | Write short notes on :

i. Convection current
ii. Ooﬂﬂﬁamou current

1. | Convection current dees not involve conductors and consequently does

nman.mmﬂ_m@ Ohm’s law. It occurs when current flows through an insulating
medium such as _EEPHEdm&wum.o_. a vacuum.

2. Let us consider a filament, if there is a flow of charge of density p_, at

velocity u = u, d, then the current through the filament is

ull —=pASu,
aT= 2 Pbm P

3.  They-directed current nabm-nu.h is m_zdﬁ by

CamScanner
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Electromagnetic Field Theory

2-25 B (EN-Sem-3)

L,P.

Hm_..nu..m,umﬁcﬂ : Itis defined as the property of electromagnetic radiations
where the relationship between the direction and magnitude of the

vibrating electric field is explained.
Types of polarization :

Dielectric polarization : This type of polarization occurs when a dij
moment is formed in an insulating material as an external &mn_ﬁn

is applied there is a change in the behaviour which is known as m._
polarization.

Tonic polarization : When elements like NaCl and Ki

the relative permittivity, ionic polarization occurs. In thi
the net electric field is zero.

Orientational polarization : This occurs due to the
moment in a material. It occurs in elements suc

Polarization in dielectric medium ;
The charges in dielectrics are bound by mum fini

bound charges.
\ \mv >\~ charged nucleus
® O 2 @ Negatively charged
f 0\ electron &o:&

The process due to which mmumumn_ob of _SE_.N mmm.,u.memm.ﬂo.bEmﬂnm

electric dipoles, under the influence of electric mm_ iscalled polarization
of dielectric, :

When electricfield £ is mEuE&a En%inm_ distribution of charges

gets disturbed. The aFB.Wmm muum:muam aforce F = QN

So, there is separation anﬂmmuzwrn nucleus and the centre of the
electron cloud. m_._nwg atom is called polarized atom,

: i o
i (s) Nucleus

..@ . ®¥\ %.lll!'.lrll.%

J/r Center of [
M. © 7 electron cloud ¢ 1

Polarized atom Equivalent dipole
Fig. 2.21.2. Polarization of a moleculo,

Electrostatics

matical expression for polarization :

moment, p=Qd .(2.21.1)
0. = Magnitude of one of the two charges

d = Distance vector from negative to positive charge
‘n = Number of dipoles per unit volume

Av = Total volume of dielectric

N = n.Av = Total dipoles.

i 5 Nk =5
ipole moment, Puul= MO__ d;

‘3. The polarization P is defined as the total dipole moment per unit volume.

- >.Qd:
mu ._.mbu..luu|
Av—0 Av

._Hﬁw..m.ﬂmmm:ﬂmm.mu OcEcEdwrMmﬂ m.&u&..m meter (C/m?).

A

Itis aho _P.Eﬂu as Hmuma_dm permittivity, denoted by < Tt is the ratio of
Em ugﬂ_ﬁq of &m,_mnndo to that of free space.

: _‘.Hn is given 5
S ¥ 4 €
Wt U
where, € = Permittivity of dielectric

€,= Permittivity of free space.

Here e _and g, are dimensionless whereas € and £ are in Farads per
meter.

For free space and non-dielectric materials, e = 1.

IJL_I....f

o.oa aaE@ hn:&&ﬂ and R

i RN LEI G- TIPIER =5, e
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Electromagnetic Field Theory

| Long Answer T

7 20181

in detail. : ) .
Tharg e O g eVt oo

. o,
SRSl RS s i oty Ol ¢ v\.ﬁﬂuhnﬂ Drn.s.q& =
1. This nﬁw@oﬂ owam_u:.auﬂ is based on the principl

can neither be created nor be destroyed.

s
2. Now, let @ = Charge within the closed surfz
lnﬂﬁ@rn Rate of decrease of charge i

So,
4. muﬂ AMNmMu_hﬁmww. [EgTal 1orm 0
Now, using the divergence thearem,
%Mhm.,u ‘_.Hd.mv&c
s v

..(2.234)

Eaai i gl
where, p, = Volume charge density
5. Substituting eq. (2.23.3) and (2.23.4) in eq. (2.23.2),

Que 2.24. | Write a short note on relaxation time.

2-27B (EN-Sem-3)

Electrostatics

e

But v-D=p
o _
Era ) O
i $+Mm =0 (2241)
N A : o =
Eq. (2.24.1) is the differential equation in p, whose sol
,& r.,wwmrﬁh po e ™ =pe =
~ where, . p,=Chargedensitvatt=0—=——
4. This shows that the charge density decays exponentially with a time
constant t= e/c sec. This time is called relaxation time.
The relaxation ti i ed as the time required by the charge

i €
density to decay to 36.8 % of itsinitial value.
nsity to decay T = Relaxation time = =/g sec.

Que 2.26. | Explain the term boundary conditions.

CamScanner
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Electromagnetic Field Theory 2-29 B (EN-Sem-3)

Answer _

1. If the field exists in a region consisting of two different media, the
conditions that the field must satisfy at the interface separating either
media are called boundary conditions.

2. To determine the boundary conditions, Maxwell’s equations are used.
ie.,

$E.di=0and§ D.d5=Q,,

3. The electric field intensity E canbe decomposed into two orthogonal
components; i.e., E=E, + E_

where E, and E, are the tangential and normal components of E tothe
interface.

A.moEavocbmewnoD&mcnmﬁmumuﬁo&momwﬂm”
i Dielectric (€ ,) and dielectric (€ ,)

i. Conductor and dielectric

iii. Conductor and free space.

Que 2.26. _ Explain dielectric-dielectric boundary condition.

Answer _

1. Considerthe E field existing in a region that consists of two different
dielectrics characterized by €, = ¢, and €, = g€, as shown in

Fig. 2.26.1.

(a) Awu

Fig. 2.26.1. Dielectric-dielectric boundary :
(a) Determining Eji = Ey, (b) Determining D, = D,

2. The fields m._ and mw Inmedia 1 and 2, can be decomposed as

=

Ey+Es, .(2:26.1)
Ex+ Ex, (2.26.2)

]

E,
E

3. Applying % E.dl=0 to the closed path abeda and assuming that the

path is very small with respect to the spatial variation of E . We obtain

2-30 B (EN-Sem-3) Electrostatics
A Ah Ak
0=EByhw—Ey, % ~Ey = ~Eyhw + By, % +Ey, o .(2.263)
where E, = _.m_ | and E_ = _ma | and term % cancels.
Eq. (2.26.3) becomes, 0= (E,, — E,)Aw (2.26.4)
As Ak — 0, eq. (2.26.4) becomes, E,, = E,, ...(2.26.5)

4, Thus the tangential components of E are the same on the two sides of

the boundary. Here E . undergoes no change on the boundary and is
said to be continuous across the boundary.

-

5. Since, D=k~ U_ '
Therefore, eq. (2.26.4) can be written as,
D, D
t = f =E., = —2
= = =
or DDy (2.26.6)
& S

Here D, undergoes some change across the interface. Thus it is said to
be discontinuous across the interface.

6. Applying %m.&.m = Q,,. to the cylindrical Gaussian surface of
s

Fig. 2.26.1, we get
AQ =ps AS=D, AS - D, AS

D, -D,, = ps (2.26.7)
7. :. no free nwmammm exists at the interface i.e., pg=0
then Dy, =D,, ...(2.26.8)
oL € B, = €, By,

8. Let usconsider m_ or mU..H and @ or mm making angle 8, and 0, with the
normal to the interface as shown in m.um 2.26.2.

|v|v ...
Fig. 2.26.2. Refractionof D or E at a &amﬁm?&mﬂ%ﬁa&oﬂﬁﬁt \

CamScanner
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Electromagnetic Field Theory 2-31 B (EN-Sem-3)
9. From Fig. 2.26.2,
E sin®,=E, =E), =E,sin0,
E,sin @, = E,sinf, ..(2.26.9)
Similarly, €, E, cos 6, = €, E, cos 6, ..(2.26.10)
Dividing eq. (2.26.9) by (2.26.10), we get
fane L snd, .(226.11)
g =
Since, €, =€,€; and €, = €€ ,, €q. (2.26.11) becomes
tanb, _ &
tan0, €,

10, Thus, an interface between two dielectrics produces ?:&Hm om n_._k lines
as a result of unequal polarization charges that mnanEEmS on the
opposite side of the interface. ;

%;&ﬁ@‘m Discuss the concept of oﬁiﬁﬂﬁ@.ﬂmnw@_gﬁln boundary

condition and conductor-free wﬁnn?&bﬁhg condition,
OR Qg
Derive and explain boundary conditions for static electric fields.

—u ﬂ.uﬁ»ﬂ..@\ﬂ@ -___EE Haﬂ_

=

A weﬁbn_s gn&ﬂcﬂn : Refer Q. 2.25, Page 2-28B, Unit-2.

B. Dielectric-dielectric boundary oon&zon Refer Q. 2.26,
Page 2-29B, Unit-2,

C. Conductor-dielectric boundary condition :

1. Inorder todetermine the boundary condition for a conductor-dielectric

interface, am nobwﬁ_ma :En E = =0 Emmmo the conductor,

2. Applying % Edl = 0to ﬁrm closed un.zu abeda of Fig. 2.27.1 gives

Qiah ?.. _ AR 0
O=tmpsmEE R i E o D2 (2.27.1)
As, Ak > 0,

-(2.27.2)

=5

2-32 B (EN-Sem-3) Electrostatics

3. Similarly, applying mm D.dS = @, to the cylindrical Gaussian surface

as shown is Fig. 2.27.2 gives
AQ = D,.AS - 0.AS .(2.27.3)

because m =c m_ =0 inside the conductor.

Dielectric (e =&, ¢ )

D S5

4, Eq.(2.27.3) may be written as B

D fiy m =Ps
or D, =pg
D. Conductor-free u—uﬂo@ Eeﬂbﬁn—d‘ oo:&»no..-n 1
1. The conductor-free space _ua_.EmE.% opﬂm;_oum are represented in
Fig. 2.27.3.
2. Aswe know, D, = m_".,mim.H &B...n D =e,¢,E =pg
By replacing e, by 1, orm boundary conditions at the an ce between
a conductor and free uvmum can be obtained a
= m.o.w 0 1

. b... =&,E, = ps A W (a4

Free space
(e=e,¢e,)

3. Theeq.(2.27.3)implies that @ field must. m_ﬁgnw aconducting mﬁn@au :

_.Eﬂumbw

CamScanner


https://v3.camscanner.com/user/download



https://v3.camscanner.com/user/download

Electromagnetic Field Theory

2-35 B (EN-Sem-3)

[

D= h

Fig. 2.29.2. Cross-sectional dimensions of conical capacitor.
3. Since the conical conducting surfaces are parallel and coaxial, it follows
that the lines of force in the dielectric space (assumed fo be air) are
everywhere normal to both surfaces.

En=E=— dr = Constant

dn
where E = Potential gradient or the electric field intensity
n = Unit vector normal to the surfaces.
4. Eisconstant over either one of the two conducting surfaces as well. So,

..(2.29.1)

En =Ko .1(2.29.2)
where o = Surface charge density
K = Constant.

5. Referring to Fig. 2.29.2 and taking the surface S, of any other coaxial
frustum of half-angle 0, located between the two conical electrodes and
applying Gauss law to this surface, we have

[DdS = €ES;=Q

where the dielectric constant of the interelectrode space is €.
6. The surface of the frustum of altitude /i, and base radii R, and R, is

Sp=n(Ry + Ry b + (R, - R
7. In order to express capacitance values in terms of D and £, we have
from the geometry of the Fig, 2.29.2 :

Ry=rcos0,hy=lcos0,R,=rcos0—sin0

..(2.29.8)

and Sp=n(2r cos 0 - sin 0) /1% cos? 6 + I* sin® 0
= 1(2r cos © — [ sin 0) ...(2.29.4)
where r = Length of the normal from the axis to this

surface at its larger base

. ! = Length of the meshed conical surfaces.
8. Substituting eq.(2.29.4) into eq. (2.29.3)

Q = emE(2r cos § - sin §)
and _ E=Qllenl(2r cos 6~ sin 0)] ..(2.29.5)
9. Because of conical symmetry, the potential at the surface of this frustum,

as well as of all others, depends only on r; therefore, the potential
difference V, between frustum A and B is

236 B (EN-Sem-3) Electrostatics

N
(2r cos  —[sin )

L

V=- Mm&ulm_”

%@nm!mg (2r cos 6 — [ sin 6)
Q I (2" cos 0 - ! sin@)

2enlcosO  (2r, cosB-Isin )

10. Rearranging to obtain the capacitance we have

2nelcosb

2r, cos0—Isin 0

2r. cos 0 —/sin O

11. Expressing r, and r; in terms of 2 and D, we have

2relcos@

2
FT+ 2D cos _.,;

4

..(2.29.6)

Qﬂm"
Ve

C=

2h — [ cos O
12. When the internal electrode is a cone, it may be considered a cone
having a infinitely small separation with outer cone and an altitude
h=1cos .
Then (0 ane b iF

= W+ 2D/ hcos 0l '

.:(2:29.7)

Que 2.30. _ Derive an expression for capacitance of a spherical
| AKTU 2019-20, Marks 10 |

shaped capacitor.

Answer _

1. Fig. 2.30.1 shows a spherical capacitor formed by two concentric
spherical shells A and B of radii a and b charged with + @ and — @
charges respectively.

2. These charges attract each other, and spread out uniformly on the
outer surface of the inner shell and the inner surface of the outer
shell.

3. They produce an electric field E between the two shells, radially

outwards.
4. Consider a Gaussian surface whichis a concentrie spherical surface of

radius r. The electric flux through it is
b= $E-dS=§E ds
- S
[+ (EdS=EdScos0=EdS)]

..(2.30.1)

or D= m?m
S

(' E is constant)

CamScanner
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_ Electromagnetic Field Theory

2-39 B (EN-Sem-3)

2.

Let the plane, exists midway between the two charges, is a zero potential

infinite plane. The conductor is an equipotential surface at a potentiay

V=0 and Eis only normal to the surface.

If there is a charge above a conducting plane same fields at the points
above the plane can be obtained by replacing Snmcozu.m plane .g
equipotential surface and animage of the charge ata symmetrical location
below the plane.

To apply the method of images, following conditions must be satisfied :

The image charges must be located in the conducting region.

The large image charges must be located such that on the conducting
surface the potential is zero or constant.

Here, the first condition is to satisfy Poisson’s equation, while the other
to satisfy the boundary conditions.

VERY IMPORTANT QUESTIONS
Following questions are very important. These questions
" may be asked in your SESSIONALS as well as
" " UNIVERSITY EXAMINATION.

Q. 1. State and explain the Coulomb’s law.
Ans: Refer @, 2.1,

Q. 2. Pointcharges 1 mC and - 2mC are located at (3,2,-1) and (-
1, - 1, 4), respectively. Calculate the electric force on a
10nC charge located at (0, 3, 1) and the electric field intensity
at that point.

Ans. Refer Q. 2.3.

Q.3. Derive an expression for electric field intensity in space
due to infinite length uniformly charged wire.
Ans. Refer Q. 24.

Q.4. State Gauss’s law. Deduce Maxwell's equation from Gauss’s
law.

Ans, Refer Q. 2.7.

Q.5. Two point charges~4nC and 5 nC are placed at (2, - 1, 3) and
(0,4, -2) respectively, find the potential at (1,0,1), assuming

zero potential at infinity. Right angle triangle. Find electric
forces at the corners of the triangle.

Ans. Refer Q. 2.11.

240 B (EN-Sem-3) Electrostatics
Q.6. Derive energy density in electrostatic field.
Ang Refer Q. 2.15.
Q.7. Discuss some properties of material.
Ang:. Refer Q. 2.18.
Q.8. Explain the phenomena of polarization and its types.
Amns. Refer Q. 2.21.
Q.9. Derive and explain continuity equation for electrostatic in
detail.
Ans: Refer Q. 2.23.
Q. 10. Derive and explain boundary conditions for static electric
fields.
Ans: Refer Q. 2.27.
Q.11. Derive the Poisson’s and Laplace equation in all coordinate
systems.
Ans: Refer Q. 2.28.
Q.12. Derive an expression for capacitance of a spherieal shaped
capacitor.
Ans: Refer Q. 2.30.

©O©
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Electromagnetic Field Theory 3-5 B (EN-Sem-3)

R = (a2 +x2)*2
Put the value of T& and R in eq. (3.3.5) then, we get

9. If there are N turnsin the coil, t

circle coil of 50 meters in diameter carries

Que 3.4. _ A single

current 28 x 10* amp. Determine the magnetic field intensity H at a
point on the axis of coil and 100 meters from the coil. The relative
permeability of free space surrounding the coil is unity.

Answer

Given : Diameter = 50 m, i.e., Radius, a = 25 m, / = 28 x 10* amp,
Distance from center (x) = 100 m, ji; =1
To Find : H at 100 m distance.

Fig. 3.4.1.

= Nau m—.
whmu._.kuvu___u L

1 2 !
BRI D) o 79.89a, A/m

H
" 20(25) +(100)" )"

Que 3.5. valuate magnetic field intensity in space due to current

wire: _ AKTU 2018-19, Marks E

OR
mxv_mn.n Ee.»-mm«.ﬁ.».m Law. Also derive an expression for a magnetic
field intensity in space due to an infinite uniform current carrying

wire, | AKTU 2018-19, Marks 07
OR

3-6 B (EN-Sem-3) Magnetostatics

Explain Biot-Savart’s law. Find the magnetic field intensity for
| AKTU 2021-22, Marks 10

infinite line current.

OR
Determine the magnetic flux density B at a distance d meter from an
infinite straight wire carrying current I. Also find out when the

| AKTU 2017-18, Marks 10

length of the wire is semi-infinite.

Answer _

Biot-Savart's law : Refer Q. 3.2, Page 3-2B, Unit-3.
Magnetic field intensity due to current carrying wire :

To determine the field due to a straight current carrying filamentary
conductor of finite length AB is shown in i

= wp

,T 0 5 ~® H (into the page)
| =

S

_ \d\ g. 3.5.1. Field at point P due to a straight filamentary conductor.

_ v mw.ﬁ Let the conductor is along the z-axis with its upper and lower ends,

subtending angles o, and o, at P, the pointat which H is to be determined.
3. Here the current flows from point A, where a = «, to point B, where

_ ol J ﬁw o .\Wﬁﬁ
4. The value of ¢H at P due to an element d/ at SD:\_"Em rq v

| " - = N.p”-h.wﬂ
Gt o ALY > ...wm.m._w&e &)
. 4nR . nLD = Wx\bz.ﬁ cob
but dl = dza.and R =pa,—za.
80, n_m.x R = pdz m@
-+ Ipdz A

5. Letz=pcota,dz=— p cosec? a, thus ed. (3.5.2) becomes
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P |~|.ﬁv cosec ﬁmam.
4r o p’ cosec” a
=2 Sl
= == sin a do
m %_ﬂﬂ ay MH
Hi= AMU (cos a, — €08 ;) ay ...(3.6.3)

6. If conductor isinfinite in length, then point A is at (0, 0, — =) while B is
at (0, 0, @); @, = 180° and a, = 0%, thus eq, (3.5, 3) reduces to
Bl o CoLL f=65°

= — ay

g M.nb : a g 1..\. HHN&

BE= t.«wnth\mnun.
7. For semi-infinite, n» 0%, a, =90°

m. = 5 (cos g, — 8 a) ay =~

21
‘ . n&q% eﬂqﬁwd
T e

Oﬂe u 6. | Derive an expression for a magnetic field intensity in

solenoid having length L, N numbers of turns of wire carrying I _

current. While the length of solenoid is much larger then it's radius.
| AKTU 2018-19, Marks 07 |

OR
A solenoid of length 7’ and radius ‘a’ consists of N turns of wire
carrying current I, Show that at point P along its axis

H= M. (cos 0, - cos 0,) a.

where, n = N/I, 0, and 0, are the angles subtended at P by the end

turns as given in m._m. 3. mh Also show that if I >> a, at the centre of
the solenoid,

H=nla,

Fig. 3.6.1. Cross-section of a solenoid.

L peretugol g e plaArE [Fu

3-8 B (EN-Sem-3) Magnetostatics

Answer _

1. Asthe solenoid consists of circular loops, therefore the contribution to
the magnetic field H at P by an element of the solenoid of length dz is

JH Idla’ Ia® ndz

z = MHQN +Nuuumu = Mmﬁnu 7 Nuuu___u .Amm‘Hw
where, dl = ndz = (N/l) dz.
2. FromPFig.3.6.1,tan0=a/z
[2* + a?

dz = —a cosec? 0 d = — sin 0 d0
....n

3. Putting the value of dz in eq. (3.6.1), we get
drit e = Gt

z 2
nl G .
or H_ = 1Mmm_u¢&m
Thus, mnﬂ:nome ~cos B,) a-
Substituting n = N/ gives,

H = %ﬁgwmu|a8¢_um.

4. At the center of the solenoid,

L2
nn—m_uwll. §H|8MO—
and m.m = nll — 0

a* + 17 /4]"*
5. Ifi>>aorb, =0°and@, = 180°

Ampere’s Circuit Law-Maxwell’s Equation, Applications of
Ampere's Law .

&ﬂonﬁaau..rumﬁouu

 Long Answer. n@u@nﬂm E»&Eu ?.uﬂﬁ. n.u%a 0: tic

Que 3.7. | What is Ampere’s circuit law ?
OR
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State and prove Ampere’s circuit law and derive Maxwell’s equation
for,

OR

State and derive ampere circuital law. A single turn circle coil of

50

meters in diameter carries current 28 x 10* amp.

Determine the magnetic field intensity H at a point on .p_ua axis of
coil and 100 meters from the coil. The relative permeability of free

space surrounding the coil is unity.

[AKTU 2017-18, Marks 07

Answer _

A
a.

Ampere's circuit law :
Statement :
The Ampere’s circuit law states that, “The line integral of magnetic field
intensity around any closed path is exactly equal to the direct current
enclosed by that path”.
The Ampere's circuit law is givep b

oA

where, H = Magnetic field intensity
dl = Infinitesimal small (differential) element of wire
I.. = Current enclosed.

Proof :

Fig. 8.7.1 shows a long straight conductor carrying a current [ in the
direction shown. Biot-Savart’s law gives the magnitude of the magnetic
field intensity at a distance R from it.

H=I2nR

z
Al
5 Path
(o) SETHES if
ekl =
Q>F d
y
H
X

Fig. 8.7.1. Ampere's circuital law.

Its direction is given by the tangent to a circle of radius R centred on the
current carrying wire,

The magnetic field H is constant in magnitude at all points of this cirele

and its direction is parallel to the circle element om 3

|

3-10 B (EN-Sem-3)

3.
C.

Magnetostatics

P e
BH.AL = § o Rdo=§ do
-

= o

$H.dI =1

Thus, the line integral. %,«m dl is equal to the current through the area
bounded by the circles. It is Ampere’s law.

Maxwell equation from Bum!w.m._nﬁ :

Applying Stoke’s theorem in eq. (3.7.1), we get

$ H.dl = [(vxH)-dS
5

1

enc

.(3.7.2)

As, I

It

[J.ds ..(8.7.3)
8

enc

Comparing the surface integral in eq. (3.7.2) and (3.7.3) clearly indicates
that

V x m..m = Mm
Eq.(3.7.4)is t 's equation.
Numerical : Refer Q. 3.4, Page 3-5B, Unit-3,

..(3.7.4)

Que 3.8. _ Explain the applications of Ampere’s law for infinite (i) line
current, (if) sheet of current (iii) long coaxial transmission line.

OR

Derive an expression for magnetic field intensity in space due to
current sheet having current density Ka_A/m.

[ AKTU 2019-20, Marks 10 |

OR

Derive an expression for magnetic field of a coaxial cable.

[ AKTU 2019-20, Marks 10 |

OR

Explain the Ampere circuital law. Derive two applications of ampere
circuital law. Also, derive modified Maxwell’s equations.

Answer _

A

-

=

| AKTU 2021-22, Marks 10 |

Applications of ampere circuited law :
Infinite line current :

Consider an infinitely long filamentary current I along the z-axis as
shown in the Fig. 3.8.1.

@ CamScanner
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2. To determine H at point P, consider a closed uwnm vmmmmh_.m .ﬁrhoﬁmr.
point P. This is the path on which Ampere's law is applied and it is known
as Amperian path. . .

3.  Since this path encloses the whole current , then according to Ampere’s
law,

I— _‘mwmr._u&em.
1= H, [pdd=H, 2np

ii. Infinite sheet of current:
1. Consider an infinite current sheet in the z = 0 plane.
2. Ifthe sheet has a uniform current density K = K, a, A/m as shown in

Fig. 3.8.2, applying Ampere’s law to the rectangular closed path
1-2-3-4-1 gives

$H.dl =1, =K ..(3.8.1)
A ;
}  Amperian path

Zimg|lET \
+ﬁﬁ...m x
J N&«\

3 As = el .(3.82)
-Ha. ; 2<0

Evaluating the line integral of H in eq. (3.8.2) along the closed path as
shown in Fig. 3.8.2, gives e

3 12 B (EN-Sem-3)

5.

Magnetostatics

= 0(=a) +(=Hy) (- b) + 0 () + (H,) (b)

$H-di =2Hp .(383)
From eq. (3.8.1) and (3.8.3), we get
K, b=2Hp

1
mo = m mﬁa.
Substituting the value of H, in eq. (3.8.2), we get
W. K d.; z>0

H = & ...(3.84)
M y ﬁ_n.u s 0
For an infinite sheet of current density mm A/m
= =
m — m N 4 Y ﬁmm.mw

where, a, is unit normal vector directed from the current sheet to the

point of interest.

Infinitely long coaxial transmission line :

Consider an infinitely long transmission line consisting of two concentric
cylinders having their axis along the z-axis as shown in the Fig. 3.8.3.
The inner conductor has radius a and carries current I, while the outer
conductor has inner radius b and thickness ¢ and carries return eurrent
-1

Since, the current distribution is symmetrical, we apply Ampere’s law
along Amperian path for each of four possible regions:0<p<a,a <p<bh,
b<p<b+tandp2b+1t.

For region 0 < p<a, we apply Ampere's law topath L, i.e.,

$, Hdl =1,,.= [JdS .(3.8.6)
Amperian paths

Fig. 3.8.3. Cross-section of the transmission line.

As the current is uniformly distributed over the cross-section,

J=1L ¢, dS=-pdédpa,
i
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Que 3.10. _ What do you understand by magnetic flux density ?

OR
Derive the Maxwell’s equation for flux density.

Answer

1. The magnetic flux density B is related tomagnetic field intensity H as

B =pH (8.10.1)

where, j, is constant known, as permeability of free space.
ie., Ho=4mx 10-7 H/m
The magnetic flux through a surface S is given by

y=[B-dS .(3.10:2)
s

2

where, v is magnetic flux in webers (Wh), Bis magnetic flux density in
Whb/m? or tesla (T).

3. A magnetic flux line is a path towhich B is tangential at every point on
the line.

4. Asan isolated magnetic charge does not exist thus the total flux through
a closed surface in a magnetic field must be zero, i.e.,

[B-dS=0 ..(3.10.8)
5

5. Eq.(3.10.3)1s referred to as the law of conservation of magnetic flux or
Gauss's law for magnetfostatic fields,
6. Applying divergence theorem to eq. (3.10.3), we get

%aw.mm. = %d.m&_uc

V-B =0 ..(3.10.4)
7. Eq.(3.10.4)is the fourth Maxwell's equation,

Que 3.11. _ Discuss Maxwell’s equations for static field.

Answer _

A. Maxwell's first equation :
It is derived from Gauss's law for electrostatic fields,
According to Gauss's law

b

Oaﬁ = %UQ@ (3111
S

In terms of volume charge density P,

3-16 B (EN-Sem-3) Magnetostatics
$D-dS = [p, dv (Integral form) (8.11.2)
S v

3. By applying divergence theorem to eq. (3.11.2)
$D-dS = [(v-D)dv (3.11.3)
s

Fg

Comparing the two volume integrals in eq. (3.11.2) and (3.11.3)
resultsin

V-D = p, (Differential or point form) «(3:11.4)

Eq. (3.11.2) is the integral form, and eq. (3.11.4) is the differential
(or point) form of Maxwell’s equation.

Maxwell’s second equation :

It is derived from the conservative nature of electrostatic field. A vector
field whose line integral does not depend on the path of integration is
called conservative vector field.

§E -dl = 0 (Integral form) (3115

This implies that no net work is done in moving a charge along a closed
path in an electrostatic field.
Applying Stoke's theorem to eq. (3.11.5) gives

$E-dl = [(vxE).dS =0
L 8

or ¥ x E = 0 (Differential or point form) ..(3.11.6)

Any vector field that satisfies eq. (3.11.5) or (3.11.6) is said to be
conservative, or irrotational.
Eq. (3.11.5) is the integral form, and eq. (3.11.6) is the differential
(or point) form of Maxwell's equation.
Maxwell’s third equation :
Itis derived from Ampere’s circuit law, according to this law,

$H dl =1

ene

=[7.dS (integralform)  ..(311.7)
Applying Stoke's theorem in mM. (3.11.7) gives

$H-di= [(vxH)-dS = [ J-dS (3.11.8)
Comparing the surface mMﬁmmAEm in eq. G..Mu.m_ gives

v «H = J (Differential or point form) ..(311.9)
Eq. (3.11.7) is the integral form and eq. (3.11.9)is the differential (or
point) form of Maxwell's equation.
Maxwell's fourth equation :
It is derived from Gauss's law for magnetostatic fields, according to this
law
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$B-dS = 0 (Integral form) 31110
2. This is because it is not possible to have isolated Smmdm_un_ poles
(or magnetic charges). Eq. (3.11.10) is referred to as the law of
conservation of magnetic flux. !
3. Applying divergence theorem to eq. (3.11.10) gives

‘_..Q.Mnmﬂ. =0
S

- -+
$B-dS
s
or, Q‘m = 0 (Differential or point form) ..(3.11.11)
4. Eq. (3.11.10) is the integral form and eq. (3.11.11) is the differential
(or point) form of Maxwell's equation.

PART-4]

Magnetic Scalar and Vector Potential.

ek s ‘Questions-Answers

Tons ?msmugmﬁmﬁiuﬂgﬁgouom tions

Que 3.12. | Explain the terms magnetic scalar and vector vcn.@::m_.

OR
Explain convection and conduction currents. Derive mathematical
equations also. Also derive the magnetic vector potential.

AKTU 2021-22, Marks 10|
Answer _

A. Magnetic scalar potential :

1. The magnetic scalar potential is written as V. and is related to mv as

-

H=-VV, (8.12:1)
2. The curl of the magnetic field is given as

VxH=J=Vx(-VV,) .(3.122)

3. As the curl of the gradient of any scalar identity is zero, therefore it 18
observed ﬁ:; if magnetic fieldintensity is to be defined as the gradient
of n.umm:msn scalar potential then current density is zero throughout the
region in which scalar magnetic potential is defined. Thus,

H =—YV (for J =0)

3-18 B (EN-Sem-3)

4,

o =

Magnetostatics

Since, V, satisfies the Laplace’s equation just as V.does for electrostatic
fields.
ViV =0

The characteristics of scalar magnetic potential ( V) are:

The negative gradient of V. gives _m.. ie, H =- vV,

It exists where J =0
B o -
It is directly definedas V, = _.m v dl
A
Magnetic vector potential :

Vector magnetic potential exists in regions where M is present. It is
defined in such a way that its curl gives the magnetic flux density, i e.,
m =V x Mm

-

where, A = Vector magnetic potential (Wb/m).

A can also be defined for line current, for surface current and for
volume current as ;

m = E (for line current)
) 4nR

A _.E (for surface current)
L 4nR

.M = _.% (for volume current)

The characteristics of vector magnetic potential are :

It exists even when .J is present.

Vector magnetic potential A has applications to obtain radiation
characteristics of antennas, apertures and also obtain radiation leakages
from transmission line , waveguides and microwave ovens.

Ais used to find near and far fields of antennas.
Convection and conduction current : Refer Q. 2,19, Page 2-22B,
Unit-2.

Que 3.13. _ Given the magnetic vector potential A = -p* / 4@, Wh/m.

Calculate the total magnetic flux crossing the surface § = /2,
1<p<2m,0<z<5m.
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Answer
1. Given, A=—pl &, A
-+ = A P a
= =— Tas=—a
) B=Vx A 5 3= ot
dS = dpdz a,
5 2
-+ =+ 1
3. y= —m.&hum‘— ‘—n&b&n
z=0p=1
1P
= L2l (5) =15/4 =3.75 Wb
4 |
~ VERY IMPORTANT QUESTIONS
m.aaasiw questions ﬁﬁe@-u_éolg. These q
ESSIONALS as well as
3 EXAMINATION.

Q.1. Explain Biot Savert’s law for magnetic fields, moﬂ\_m_:..
concept can be used to determine magnetic field in space
due to a close loop current carrying wire ?

Ang Refer Q. 3.3.

Q.2. Evaluate magnetic field intensity in space due to current
wire,

Ankl Refer Q. 35.

Q.3. Un_.u.qn. an expression for a magnetic field intensity i
nc_mum:m having length L, N numbers of turns of wiré
carrying I'current. While the length of solenoid is much
larger then it's radius,

Ang Refer Q. 3.6,

Q.4. Derive an expression for magnetic field of a coaxial cable

Ang Refer Q. 8.8,

Q.5. Disc . X

ABE wm_,m_.cmm.. %ﬁu_ﬂ!o: § €quations for static field.
Q.6. Explain th : {
Ang Refer Q. u,HM.»a..Em magnetic scalar and vector potentia:

©0®

UNIT

Magnetic Forces

=

Part-1 : Materials and Devices,...c.cccievcvisnrcine. 4=2B to 4-5B
Forces Due to Magnetic Field

Part-2 : Magnetic Torque and .......c.cccccvvvvivirirneee.. 4=0B to 4-8B
Moment, a Magnetic Dipole

Part-3 : Magnetization in Materials................... 4-9B to 4-11B

Part-4 : Magnetic Boundary Conditions ......... 4-11B to 4-14B

Part-5 : Inductors and Inductances, ... 4-14B to 4-10B

& Magnetic Energy

4

4-1 B (EN-Sem-3)

@ CamScanner


https://v3.camscanner.com/user/download

Magnetic Forces

PART-1 |

Materials and Devices, Forces Due to Magnetic Fields.

4-2 B (EN-Sem-3)

Long s Tpe s i oo o Qusions|

Que 4.1. _ Discuss the ways in which force due to magnetic fields
can be experienced.

Answe .
There are three ways in which force due to magnetic fields can be
experienced :

1. Force on a charged particle :

L The electric force F, on a stationary or moving electric charge @ in an

electric field is given by Coulomb’s law and is related to E as
F = QE (4.11)

The eq. (4.1.1) indicates that if @ is positive, m.n and E has the same
direction.
ii. The magnetic field can exert force only on a maoving charge. It is known

that magnetic force F » €xperienced by charge @ moying with velocity

L in a magnetic field B is

=

-
F.= Q(uxB) ..(4.1.2)

The eq. (4.1.2) indicates that F' is perpendicular to both u and B .
i, For a moving charge @ in presence of both electric and magnetic field,
total force on the charge is given by
F= mn -+ W.v
v ‘ - H. -
or F=Q(E+uxB)
iv. This is known as Lorentz force equation.
2. Force on a current element :

L Todetermine the force on a current element mam of a current carrying

conductor due to magnetic field B » we will use fact of convection current

J =p,u (413

Electromagnetic Field Theory 4-3 B (EN-Sem-3)

ii. The relationship between current elements is given as

Idl = KdS=J dv (414)
where, K dS = Surface current element
and J dv = Volume current element.

iii. Combining eq. (4.1.3) and (4.1.4), we get
Idl = p, udv = dQu

: > dQ - dl -
ternativel Tdli= gy = s
Al Ve dt Qs

Idl =dQ u ..(4.1,5)
iv. The force on a current element 7 dl in a magnetic field Bis

dF =1Idl x B ..(4.1.6)
If the current I is through a closed path L, the force on the circuit is
given by

F = $I1di xB (417
L

3. Force between two current elements :

L Consider the force between two elements I;dl, and Idl,. >nnoﬂEuw to
Biot-Savart’s law, both current elements produce magnetic fields. Thus

the force d (d m,_u on element [, dl, dueto field dB: produced by element

Idl,is as shownin the Fig. 4.1.1.
o )

Fig, 411
A - 2
i, As d(dFy) =I,dl, xdB,
But from Biot-Savart's law,
S g dle X ar,,
B = SR
5 pldh x(ILdla X ax,)
d(dF,) = e

CamScanner
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iii. Total force F; on current loop 1 due to current loop 2 is given as
m- _ wAilL dl % (dl 2 x ax,)
47 %M mun.
Que 42. | A charged particle moves with a uniform velocity 4 m/s

in x direction in a region where E = 20 a, V/m and B = B, a, Wh/m?,
Determine B, such that the velocity of the particle remains constant.

<TU 2018-19, Marks 3.6

1 If the particle moves with a constant velocity, it implies that its
acceleration is zero. In other words, the partiele experiences no net

force.
2. Hence, mﬁam “Qamﬁ.hﬂx.w.»l@
§u+tnxmen.~no b < (= a,%a,=—a,)
—20a,=—-4B .,
B, =8.

Dﬁu\ﬁu | A charged particle of mass 2 kg and charge 3C starts at
point (1, - 2, 0) with velocity 4 a_ + 3 a, m/s in an electric field
12a_+10a Vim. At time ¢ = | sec, nng_.nn the acceleration of the

particle, its velocity, kinetic energy of the particles and its position.

L Ebwﬁiszgu.:ﬁhi_goﬂ%?
; FsmieQE 7
where, uis the acceleration of the particle, Hence,
a» .@.nrlm:Ne + 100 ) = 12a_+ 15a_ m/v*
m N ¥ 7 r Fd
du d
: . Yo Nn,nmm..h:kw.ekl—%\#.v _m.uw
%2 Equating components and then integrating, we obdain
du
.m\b s1B v, m iU A
ka\
T _.a!vt\n 15 + B

du

r

dt

AA3.1)
LARBZL)

=0-ri,=( L A8.8.3)

PR

Electromagnetic Field Theory 4-5 B (EN-Sem-3

)

where, A, B and C are integration constants. But at ¢ = 0
u=4a,_+ 3a_. Hence,
u(t=00=4->4=0+4A or A=4
:u_“nnouﬂctvouo._.w or B=0
uft=0=3-3=C
3. Substituting the values of A, B and C into eq. (4.3.1) to (4.3.3) give
ult) = nthu u,u)=1(18¢ + 4, 16¢, 3)

4. Hence, u(t = 1sec) = 22a, + 16a, + 3a, + 3a, m/s
5. Kinetic energy (KE) = wa_a n.w@ﬁmmfafu:
= 718J
dl d
£ U 5 = e (Y =(1 My » &
6 5= %) =084 4,160, 3)
7. Equating components yields
mm U =18t 44— 2= 90+ 4L+ A, A4.3.4)
D ooy =15ty =T6048, .(4.35)
de 7
“ u,=3—+z=3=38+C ..(4.3.6)
dl

8 Att=0,(xz,y,2) =(1,~2, 0); hence,

#Me=0)=1->1=0+Ap or Ay=1

vﬁuc..llw...lelO.v._Q-. or m__ s-2

N:_lo..aol‘elo...ﬁ.- or Q.lc

Bubstituting the values of A,, B, and C, into ¢q, (4.8.4) to eq. (4.5.0), we

obtain )

(x,7,2)= (04 404 ], T505=2,3t) ..(4.3.7)

9. Hence,alils 1,(x,y,2) =(14,56.5,3).
10, ' By eliminating ¢ in eq. (4.4.7), the motlon of the particle may be described

in terms of 2, v and z,

QuodA, _ What do you understand by magnetic torque and
moment 7 Derive thelr equitions,

"
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or simply, =18 anna.:xma
Que 4.5. _ Write a short note on magnetic dipole.
OR

Hom
3

Prove that B = (2 cos mm.. + sin em_t for magnetic dipole.

Answer _

1. Any magneticdipole has two distinct poles a north pole and a south pole.
Hence, a simple bar magnet is called as magnetic dipole. Ifthis magnet
is broken into small pieces then every piece will be a dipole.

4nr

2.  Similarly, a small current carrying wire or loop is called as dipole, because
it has the magnetic poles like bar magnet.
Z

P
(r, 8, )

> ¥
Fig. 4.5.1.
3. Due to current carrying loop, the magnetic vector potential at point ‘P’
is
A= Blgpdl
4w’ r
.. PR -
A Holna mp.u_mﬁ# _ Hym xa,
A.E_L ﬁqﬂum
where, m = Magnetic dipole moment

= Ina’a,
4. We know that

@, xd, = sin0-a,

5. The flux density B can also be determined as

»

mﬂdx._..m

B = Mot ae
B = e (2cosBa, +sinda,)

Electromagnetic Field Theory 4-9 B (EN-Sem-3)

PART-3

Magnetization in Materials.

!

- Questions-Answers . -

Long Answer Type and Medium Answer Type Questions

Que 4.6. _ What is magnetic susceptibility ? What is

magnetization ?

Answer _

A. Magnetic susceptibility :

1. Inthemagnetic materials, the magneticdipoles are present corresponding

to the atoms. These magnetic dipoles are assumed to be oriented

randomly at rest (initially).

The electron by spinning about its own axis creates a magnetic field and

magnetic dipole moments are also created by the electron orbiting about

the positive nucleus.

3. When the external magnetic field is applied to the material, the magnetic
dipoles inside the material are re-oriented according to the direction of
applied external magnetic field.

4. The application of external magnetic field affects the velocities of the
orbiting electrons. Thus, a small magnetic moment for the atom is created
that according to Lenz’s law will oppose the applied magnetic field.

5. The measurement of this re-orientation is called magnetic susceptibility.
This is denoted by the symbol ..

STy
£ &
T, n“u O
Fig. 4.6.1. Randomly oriented magnetic dipoles in a materials.

6. The materials which come under this nmamwcmw are known as
paramagnetic materials. These materials are iron, nickel, cobalt, etc.

B. Magnetization (M) :

L Ttis simply given as total magnetization, the values of .HE.m 1s given as the
magnetic dipole moment per unit volume of a material in a volume Av.

P2
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2. If there are n atoms in a given volume. The total magnetization is
defined as Av and j** atom has a magnetic moment (m).

-+ Hu___

M = lim—) m, A/m? -(4.6.1)
A0 Ay =
m =1, dS
dl
I,
dS
Fig. 4.6.2. An alignment of magnetic dipele moment
_ due to external magnetic field.
3. FromFig. 4.6.2
dl,=nl,dS- dl = M+dl (46.2)
then T % _..Mn..m. ..(4.6.3)
4. By Ampere’s circuital law, the total current I,
Ip=1,+I=§ H-dl (4.6.4)
In= W_.am. _ .(4.65)
0
5. From eq. (4.6.3), (4.6.4), and (4.6.5)
I=I—1,
.Mw' - =" -
I=§ I%& ~§ M-dl
Ho
= |
m - —
I=§|—==M|-dl .(4.6.6)
Ho
6. Compare eq. (4.6,6) with the expression of Ampere's circuital law
I'= .._w m &M
— =
Thus, H=28 lm.
Ho
B = t_..QM +~w3

7. Forlinear, isotropic magnetic materials

-» =

M =y, H

Blectromagnetic Field Theory 4-11 B (EN-Sem-3)

The quantity ¥, is dimensionless and is called magnetic susceptibility of

the medium.
PART-4

Magnetic Boundary Conditions.

Questions Anrvers

- Long Answer Type and Medium Answer Type Questions

Que 4.7. | What is magnetic dipole ? Find magnetic vector potential.
Explain the complete magnetic boundary conditions. Derive all

tangential and normal components, _’.PH.HC 2021-22, Marks 10 _

OR
Explain magnetic boundary conditions.

Answer _

A. Magnetic dipole : Refer Q, 4.5, Page 4-8B, Unit-4.

B. Magnetic vector potential : Refer Q. 3.12, Page 3-17B, Unit-3.

C. Boundary conditions on magnetic fields : In a single medium, the
magnetic field is continuous. Here we will find the boundary conditions
for magnetic felds at an interface of two media.

i. Condition for normal component of magnetic field :

1. Let us consider two different media with permeabilities u, and 1. Both
media are linear, isotropic and homogenous,

2. InFig. 4.7.1, we have two different media with p, and i, respectively.
We choose an elementary cylindrical Gaussian surface at the interface
of two media so that half of cylinder is in media-1 and other half in
media-2,

Media-2

Fig. 4.7.1.
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Answer _

1. When current obliquely crosses an interface between two media with
different conductivities, the current density vector changes both in
direction and magnitude.

2. The equations for steady current density o/ are:

Differential form Integral form
- =
v-d =0 $J-dS =0 (4.9.1)
i =
V% CA I % 1 J-dl =0 ...(4.9.2)
o c a \

3. The divergencc equation is same and the curl equation is obtained by

combining Ohm's law ( </ uo.m.m ) with V x E =

4. By applying eq. (4.9.1) and (4.9.2) at the interface between two ohmic
media with conductivities o, and o,, we obtain boundary condition for

normal and tangential component e
6. The normal component of a divergenceless vector field is continuous.

Hence from q...m = 0, we have,

-+ -+
J = d, A/m*
6. Similarly tangential component of a curl free vector field is continuous

across aninterface. We conclude V x (J /o) =0, i.e.,

7. It states that the ratio of tangential component of J at two sides of an
interface is equal to the ratio of conductivities.

PART-5

Inductors and Inductances, Magnetic Energy.

oca.aoum?_uauﬁ

Long Answer Type and Medium Answer Type Questions

plectromagnetic Field Theory 4-15 B (EN-Sem-3)

Que 4.10. | Write short notes on following :

i, Inductor
i, Magnetic materials.

Answer _

i, Inductor:

1. Aninductor is a passive component that stores energy in the form of
magnetic field and is also called as inductance,

Example : Coil and solenoid.

Tnductance (o Total magnetic flux linkage _ ¢, _N¢

Current passing throughit 1 I
9. There are two types of inductances :

A Self inductance : Self inductance of a circuit is the property of the
circuit by which any change in the circuit current induces an e.m.f. in
the circuit to oppose the change of current.

We know that

¢ o< I (current)
¢=LI
¢  Total flux

71 Current

1=

B. Mutual inductance :

a. Mutual inductance oceurs in at least two circuits. Flow of current in a
circuit due ta change in current in neighbouring circuit is due to mutual
inductance.

b. Tet I, = Current in circuit 1.

I, = Currentin circuit 2.
4y = Magnetic flux :ﬂw.mmm. in “1_.2_: 1 by the
current (I,) flowing in circuit 28

¢, = Magnetic flux linkage in circuit 2 by the
current (7;) flowing in circuit 1.

M= Mutual inductance between circuit 1 and 2.

M, = Mutual inductance between circuit 2 and 1.

&

b~—

3. Mutualinductance between circuit 2 E.n_.w is mmm.umn_ as ?.E linked with
a circuit when a unit current flowsin neighbouring nz.ncwr :

ii. Magnetic materials : There are three types of magnetic materials :

M= M and My, =

CamsScanner
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1.

B

3.

Diamagnetic : When a diamagnetic material is placed in a magnetic
field, it becomes weakly magnetized in a direction OpPOSI n.m to the
direction of external magnetic field. This property of material is known
as diamagnetism.

Examples : Bismuth, silver, copper and hydrogen.

Paramagnetic :

In paramagnetic materials the magnetic dipoles are already present,
These materials are permanently magnetized but dipoles are randomly
oriented and have a low net magnetism.

When these materials are placed in external magnetic field, the dipoles
orient themselves in the direction of external magnetic field. This
property is known as paramagnetism.

Examples : Aluminium, platinum and oxygen.

Ferromagnetic : When a ferromagnetic materialis placed in external
magnetic field, it strongly attracts the magnetic lines of force and the
domains orient themselves in the direction of the field to increase the
flux produced by the external field. This property is known as
ferromagnetism.

Examples: Iron, cobalt, nickel.

Que 4.11. _ Derive an expression for inductance of solenoid and

toroid.

Answer _

A. Expression for inductance of solenoid :

1L

2

3.

A solenoid is the cylindrical structure wrapped by wire, It is of infinite
length.
N-turns

NE AAAAAAN X
DErEL

< ! —|
Fig. 4.11.1,
Suppose dl = Differential length of coil,
N = Number of turns in a solenoid.
r = Radius of coil,

. I = Current through the coil,
Using Ampere's circuit law, we have
:_z_.rﬁ& =1

But H.dl = ‘—I&ncmeu._.m&

eirely

(- H and d are parallel to each other]

Electromagnetic Field Theory

—

2.

4-17 B (EN-Sem-3)

e AL = H[dl=1 (411.1)
For N number of turns in the solenoid, the current enclosed by the
circle is
H.u_b_.h NI
Therefore, from eq. (4.11.1) we get

§  Hdl =H@w)=NI
circls

3 NI
or, =R (4110
B (4.11.2)
For a constant current carrying conductor
1

Hoe —

r
It means that the magnetic field due to a solenoid is zero at all points
except within the core.
Let ! = 2mr, then eq. (4.11.2) will become

- M
1
or, |B| = :muﬁ,m (4.11.3)

The total flux linkage by a long solenoid, ¢ = Ny, =N BA
where, A is area of solenoid.

2
du= R > Z.M 8 Henry

Self inductance of coilis L =

~ |-

2
rr= (7 ; 4 Henry
Expression for inductance of toroid : . ..
When along solenoid is bent into a circle and closed on itself, a toroid is
obtained. Let Z be the current flowing in the toroid and B is the magnetic

field produced at every point of circular path of radius R.

According to Ampere's circuit law, flux produced at adistance R is

- W wim?
2nRk

CamScanner
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3. Astoroid has N turns, then
e (1

2nR
4. Fluxlinkage is ¢ =Ny, =NBA

ey L o

2R~ 2zR
2y a 27,2
So, o = WNInr®  pN'Ir
2nR 2R
- it |
5. Self inductance of toroidis L = O I
I 2R
Que 4.12. _ Explain the concept of magnetic energy.
OR

Prove the magnetostatic energy is given by

W, = w [uH'do  [ARTU2017-18, Marks 07|

Answer
A. Energy stored in magnetic field :
1. Aninductor stores energy when a current through an inductance coil is
gradually changed from zero to the maximum value I.
2. The energy change of inductor is opposed by the self induced e.m.f.,
produced due to this change. This energy is stored in magnetic field of
the coil and is later on recovered when that field collapse.

I
Energy stored = Work done = W = ..‘ P dt joules.
a

where, P is the power and is equal to V1.

I
So, W= [VIadt ..(4.12.1)
a
3.  From circuit theory, voltage across an inductor is given by
dl
V= e
7 ..(4.12.2)

From eq. (4.12.1) and (4.12.2), we have

Tui&

a7
W= ?rm L@H

4. Enpergy stored in magnetic field, W= = E»
2

Flectromagnetic Field Theory 4-19 B (EN-Sem-3)

B. Energy density in magnetic field :

1. Consider a small unit cube of side A/ and volume Av = (A)? as shown in
Fig. 4.12.1. Each cube can be considered as magnetic field cell
transmission line of length A/,

-— Al —

N/
x \
I —B
AL Metal
A sheet
Fig. 4.12.1.
9. Each cell has an inductance AL = pAl ..(4.12.3)
3 The field H is related to the current Al by
Al
= ...(4.12.4)
H Al (

4. We know that the energy stored in each cell is given by

AW,, = 5 AL (ATRjoules

5. From eq. (4.12.3) and (4.12.4), we have
1 1
AW, = 3 a) (AR = 5 B (ADF= 5 w2 (&)

6. The magnetostatic energy density w,, (in J/m?) is defined as

AL L
EH,_E .___Hm.c.m.u

[ Av—+0 Ay

2
: b oy B
== SR H
Hence, W, 5 pWH 2 o0 "
7. Thus the energy in a magnetostatic field in a linear medium is
W, = b.ES duv
w = L1[B Hd- b. wH? dv

VERY IMPORTANT aﬁmﬂozm

m_onesmam. numwu«aau are very important. These ‘questions
mnay be asked in your SESSIONALS as well as
Sﬁ.ﬁwmma  EXAMINATION.

L,

Q.1. Discuss the ways in which force due to magnetic fields can
be experienced.
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Ang

Q.2.
Ans
Q.3.
Q.4

Q. 5.

i

Q. 6.

e

Refer Q. 4.1.

A charged particle of mass 2 kg and charge 3 C starts at
point (1,- 2, 0) with velocity 4 a_+3 a, m/s in an electric field
12a _+10a V/m. Attimef =1 sec, determine the acceleration
of the vw-lm_&m‘ its velocity, kinetic energy of the particles
and its position.

Refer Q. 4.3.

Write a short note on magnetic dipole.
Refer Q. 4.5.

. What is magnetic dipole ? Find magnetic vector potential.

Explain the complete magnetic boundary conditions. Derive
all tangential and normal components.
Refer Q. 4.7.

Write short notes on following :
Inductor

. Magnetic materials.

Refer Q. 4.10.

Prove the magnetostatic energy is given by

1
W, = Mb wH*dv
Refer Q. 4.12.
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Maxwell’s Equation, Faraday'’s Law, Transformer and Motional
Electromotive Forces.

'Questions-An;

Long Answer Type and Medium Answer Type Questions

Que 5.1. _ Derive and explain differential form of Faraday’s law

of electromagnetic induction in vector form.

| AKTU 2019-20, Marks 10

OR
Derive Faraday’s law of induction. Explain the concept of
transformer and motional electromotive force.

OR
Write a short note on

Magnetic scalar and vector potential, Faraday law of

| AETU 2018-19, Marks 3.5 |

electromagnetic induction.

A. Faraday’s law :

1. Faraday discovered that the induced emf, Ve 10 any closed circuit is
equal to the time rate of change of magnetic flux linkage by the circuit.

2. Letyisthe fluxdue to electromagnetic field. If there is the variation in

fields then there will be changes in the magnetic flux and an emf will be
induced ina coil and it is given as

Vemr = ——— volts el (akah)
3. Ifthere are NV turns in a coil then the induced emf will be,

d
Vur= -N w% volts (5.1.2)
4. Negative sign signifies that the induced em

SIgM s1 falways opposes the cause
due to which it is produced.,

(<]

Suppose E is applied electric field and mm. is small length of coil. Then
induced emf will be

Vi = QE-di (513

Electromagnetic Field Theory 5-3 B (EN-Sem-3)

6. ‘The magnetic fluxy, due to magnetic field B » passing through a specified

area ds is given as
Y= OB-dS ..(5.14)

s
7. Usingeq.(5.1.3) and (5.1.4), the eq. (5.1.1)/can be written as

- ..o. - T Q ..v. = =
Vews = GE-dl =~ @wm ds (5.15)

Transformer emf (stationary loop in a time-varying m field) :
The emf induced by the time varying current (producing the time-varying

=

..
B field) in a stationary loop is referred to as transformer emf, since it is
due to transformer action.

2. Let us consider a stationary conducting loop in a time-varying magnetic
field B (Fig. 5.1.1) then eq. (5.1.5) becomes,

Ev
=y L aB =t
a...nE_. = %@ dl=- |mwl -dS .(5.1.6)
L S

Increasing B(t)

L

=4

" I
N

: -
Fig, 5.1.1. Induced emf due to a stationary loop in a time-varying B field.
3. By applying Stoke's theorem to the middle term in eq. (5.1.6), we get

|.
Induced B

[(vxE)-dS =~ [22-a5 (5.17)
K s
For the two integrals to be equal, their integrands must be equal,
=3
[ T mm aan . !
Le., VxE = ||Umu|| Am”—mu

C. Motional emf (moving loop in a static B field) :

L. When a conducting loop is moving in a static B field, an emfisinduced

CamScanner
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in the loop. The force on a charge moving with uniform velocity u ina

magnetic field B is given by

-

F, = QuxB (519

2. The motional electric field ma is given as

i w‘ - -
E,=-—2=uxB ...(65.1.10)
Q

= -
3. If a conducting loop is considered moving with uniform velocity u,
consisting of large number of free electrons, the emfinduced in the loop
is
Venr= B di=§lux B)rdl .(6.1.11)
L L
4. This type of emf is called motional emf because it is due to motional
action. It is a kind of emf found in electric machines such as motors,
generators and alternators.
D. Magnetic scalar and vector potential : Refer 3.12, Page 3-17B, Unit-3.

PART-2

Displacement Current.

 Questions-Answers

Long Answer Type and Medium Answer Type Questions

Que 5.2. _ Explain the concept of displacement current in an

electrical circuit. Also determine the condition when conduction
current becomes equal to displacement current.

| AKTU 2019-20, Marks 10 |
Answer _

A. Displacement current :

L. Inorder to understand the concept of displacement current, let's consider

Maxwell's curl equation for magnetic fields for time-varying conditions.
2. Thus, for static EM fields,

VxHs=J (5.2.1)

plectromagnetic Field Theory 5-5 B (EN-Sem-3)
ElechoP 280

Taking the divergence of each side of eq. (5.2.1)

V- (VxH) =0=v-J (5.2.2)

3, As we know, the divergence of the curl of a vector is zero, so V - uﬂ 18
also zero. However, the equation of continuity is
- -3
V-J = m“p_ #0 Ni(52:3)
4 Aseq. (5.2.2) and (5.2.3) are incompatible for time-varying condition,
thus we modify eq. (5.2.1) to agree with eq. (5.2.3) by adding a term to
eq.(5.2.1)

ie., VxH=J+dJ, .(5.2.4)

where, cﬂ is to be determined and defined.
5. Again taking the divergence of eq. (5.2.4), we get

— L 23
VAV xH) =0=V-J+V:-Jy .-(5.2.5)
— — oy
V-dy==-V-d = Eumﬁd..@
ot ..ot
= -
ﬂ_ o n\—h = q 3 W@l
ot
5D
e & (526)
: Ja Sha
6. Substituting eq. (5.2.6) into eq. (5.2.4), we get
-
VP — o (521
at

Eq. (5.2.7) is Maxwell’s equation (based on Ampere’s circuit law) for a
time-varying field.

o 1
7. The term Lﬂ. q = oD is known as displacement current density and J
at
is conduction current density. .

8. Based on displacement current density,

defined as,

the displacement current is

-
To= _.b .mmu.qlwlmm
B. Condition : The displacement current in the space between zzm plates
of capacitor during charging is equal to the conduction current.

_ i 2
Que 5.3. | A parallel plate capacitor with a plate area of 5 cm E.un
a voltage 50 sin 10°% V applied to its

1 i has :
Plate separation of 3 mm ¢ current assuming € = 4¢,.

plates. Calculate the displacemen
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Given :d =3 mm, S=5cm? e =4ejand V= 50 sin 10% V.
To Find: I, |
1. We know that,

D=cE= mm
2. Thedisplacement current density is given by
roDiEic dV.
a ddt
3. Hence, displacement current
m = C«n- uSi= mlm ﬁ

10° s5x107*

g

———10% x50 cos 10°¢ e=4de
36n  3x10° o Lie=de)
;= 2.9473 x 1077 cos 10% A

I,= 4

Que 5.4. |Inamaterial for which o =5 S/m and €, =1, the electrical

field intensity is w.. = 250 sin 10'% V/m. Find conduction and

displacement current densities and the frequency at which both
have equal magnitude.

Answer

Given: E =250sin 10'% V/m, e =1, 0= 5/m
To Find :.J, J, and f.

1. = The conduction current density is,
— -

Jo = o E =5 x250 x sin (10°¢)

1250 sin (10'°¢) A/m?

2. Thedisplacement current density is

I

—>
— aD a =
A 2 0
= Uiy
= 8,85 x 10712 x 1 x 250 x 10'° cos (10°¢) = 22,125 cos (10'°¢) A/m?
3. The displacement current density in frequency domain is,

- ) —

J, = joe E
The two current densities are equal, when we =g
or \.I 9. = ||.||||m.||ll.|

2T€ 27x1x8.85x10-12
=90 x 10° Hz = 90 GHz

Electromagnetic Field Theory

PART-3

Maxwell’s Equation in Final Form.

6-7 B (EN-Sem-3)

Questions-Answers

- Long Answer Type and Medium Answer _H.H..@ Questions

Que 5.5. _ Write and explain all forms of all Maxwell’s equation in

detail. [AKTU 2019-20, Marks 10 |

- OR
State and explain Maxwell’s equations for time varying fields in
differential and integral form.

Answer _

A Maxwell's equations for static fields : Refer Q. 3.11, Page 3-15B,
Unit-3.
B. Maxwell’s equations for time-varying fields :
a, Maxwell’s first equation :
1 Avm. : Rw. - ..‘P.. du (Integral form) (5.5.1)
S v
2 v-Di=p, (Differential form) (5.5.2)
3. The derivation is same as for the static fields.
b. Maxwell's second equation : .
1. Ttisderived from Faraday’s law. According to this law
B-dl 0B 2 . (5.5.3)
$E-dl = aTmm.mm (Integral form) .(5.5.
L s .
2. Applying Stoke’s theorem to eq. (5.5.3) gives
il as (5:5.4)
ot

$E di= [(VxE)-dS =~
L 5 S .
3. Comparing the two surface integrals in eq. (5.5.4) gives

V x ..m, = = wmﬁgmmqmn:& or point form) ...(6.5.5)
muh - - .
4. Eq.(5.5.3) is the integral form and eq. (5.5.5) 15 the differential form of

Maxwell's equation.
¢ Maxwell’s third equation : . )
It is derived from Ampere's circuit law. According to this law

—

CamScanner
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%ﬂw&.ﬂ - _.M&..w. ...(B.5.6)
s
2. On adding displacement current to right side of eq. (5.5.6) we have

$H dl = _Th%u.mm (Integral form)  ..(5.5.7)

s
3. Applying Stoke's theorem to eq. (5.5.7) gives

ot
4. Comparing two surface integrals in eq. (5.5.8) gives

. s =i = ﬁ|¢ 7 =
%m.mm = _‘mdxmu.n&mﬂ‘qﬁ.ﬂ+.@g.n~m ...Am.m.mu
s s

V x m.m = m. + 9D (Differential or point form) ...(5.5.9)
ot
5. Eq.(5.5.7)is the integral form and eq. (5.5.9) is the differential (or point)
form of Maxwell's equation.
d. Maxwell’s fourth equation :

13 _.mmm = 0 (Integral form)
5

V+B = 0 (Differential or point form)
The derivation is same as for the static fields.
Maxwell’s equations for time harmonic fields : Assuming time
factor e/, the Maxwell’s equation is given by

(@]

Point form Integral form
VD =p, $D,dS = §p,dv
V- B =0 $BdS=0
Vx'E =—jo B, $Edl= —jo[B:dS
Vx H =J,+joD, $H dl= [(J .+ joD,)ydS

Que 5.6. _ Explain all forms of Maxwell's equations in time varying
conditions with its physical significance.

| AKTU 2018-19, Marks 07 |

OR
State and explain Maxwell's equations for time varying fields in
differential and integral forms and their significance,

|AKTU 2017-18, Marks 07 |

Electromagnetic Field Theory

e

Answer _

A Maxwell’s equation time varying fields : Refer Q. 5.5, Page 5-7B, Unit-5.

B. Physical significance :

1. Maxwell’s first equation : This Maxwell equation implies that the

electric flux lines are not continuous; they originate from the positive

charges and terminate on the negative charges.

Maxwell’s second equation : This Maxwell equation inter-relates the

magnetic and electric fields and shows that a time-varying magnetic

field can produce an electric field.

3. Maxwell’s third equation : This Maxwell equation signifies that
conduction current as well as a changing electric field produces a magnetic
field.

4, Maxwell’s fourth equation : Thisimplies that the number of magnetic
flux lines of force entering any region must be equal to the number of
lines of force coming out of that region.

5-9 B (EN-Sem-3)

=

Eleciromagnetic Wave Propagation : Wave Propagation
in Loss Dielectric.

Questions-Answers

Long Answer Type and Medium Answer Type Questions

Que 5.7. _ What do you mean by lossy dielectric and explain the
wave propagation in lossy &m_ancﬂm.v
Discuss the solution of plane wave equation in conducting media
(lossy dielectric).

OR )
Derive an expression for attenuation constant, —u_.o_vwmbm..o.:
constant and intrinsic impedance of mu.mg wave when it is
propagating through a lossy dielectric medium.

[AKTU 2018-19, Marks 07 |
Answer _

1. Ttis a medium inwhich an EM wave, asit propagates, loses power owing
to imperfect dielectric.

2. Alossy dielectric is a parti:
or imperfect conductor) with a# 0.

ally conducting medium (imperfect dielectric

L1 CamScanner
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3.

Lets consider a linear, isotropic, homogeneous, lossy dielectric medium
that is charge free (p, = 0).

Considering the time factor /!, Maxwell’s equations become

V-E, =0 (6.7.1)
V-H, =0 (6.7.2)
VxE, =—jop H ..(5.1.3)
VxH, =(a+joec) E, (5.7.4)

Taking curl on both sides of eq. (5.7.3), we get
Vx(VxE,) =—jop (VxH,) ~(5.7.5)

As we know V x (V x A)=V (V. A)—V? A, thus applying this vector
identity to eq. (5.7.5) and invoking eq. (5.7.1) and (5.7.4), we get

V(VE,)-V2E, =—jop(o+joe)E, (5.7.6)

As V(V-E,) = 0 and jop(o +jue) = 2 ~(B.7.7)
Thus, eq. (5.7.6) becomes

VIE -2 Ei=0 (5.7.8)
Here, v is in reciprocal meters and known as propagation constant of the
medium,

Similarly V2H -y H =0 .(5.7.9)
Eq. (5.7.8) and (5.7.9) are known as Helmholtz's equations or vector
wave equations.

Let's assume y=a+jB ..(5.7.10)

We obtain attenuation constant («) and phase constant () from
eq. (5.7.7) and (5.7.10)

i —Rey?= pr-a?=wic (6.7.11)
and [P[=P*+ a®=op Jo? + o2 & ..(5.7.12)
From eq. (5.7.11) and (5.7.12), we get
pe a
a=o0 5|1t ﬁﬂﬂ = (6.7.13)
He a [ .
B=o [ fy1+ WﬂL +1 ..(5.7.14)
o

Considering only m..: component of £ varying wir.t. x

mﬂmns.o:._mndm:n Field Theory
sl

5-11 B (EN-Sem-3)

iE,,

V x m,‘ = Pw
Substituting in eq. (5.7.3), we get

-

2=2—(E,e™)=-3yE ¢

m

R

—Jop mmq =—2yE e*
m‘h has H_ component corresponding to m..k.
Y
H = —E
z8 lﬁEt s
10, Hence, the intrinsic impedance

= === -.(8.7.15)
1 H ¥

18

Putting y in eq. (5.7.15), we get

Que 5.8, _ Define the following terms::

i, Attenuation constant (a)
ii. Phase constant (f)
iii. Loss tangent (tan 0)

Answer _

L Attenuation constant (a) : ) .
L 1tis defined as a constant which indicates the nmnw Mnhﬂﬂ.ﬁwwrm wave

amplitude reduces as its propagates from one _uon__n EN be E«mwmm 250
2 It is measured in nepers per meter (Np/m) and ¢

dB/m. : =1 igi alue
to e~! of the original v
3. Anattenuation of 1 neper denotes a reduction ase by a factor of e.

whereas an increase of 1 neper indicates an incre

1 Np = 201logp€ = m.. g0 0 fthe phase shift per

U.  Phase constant () : The quantity f 1s :3 L hase constant or
unit length in radians per meter and is called the p

wave number.

@ CamScanner
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0 2
1= ==
p p
where, u = Wave velocity

iii. Loss tangent (tan 0) ; tan 0 or 0 may be used to determine how lossy
amedium is. A medium is said to be a good (lossless or perfect) dielectric
if tan 0 is very small (g < w <) or a good conductor if tan 0 is very large
(G >>me).

tan 0 = cloe
where, tan 0 = Loss tangent

0 = Loss angle of the medium,
Que 5.9. _ A uniform plane wave propagating in a medium has

-
-

E = 2¢7% sin (10° £ - pz) @, V/m. If a medium is characterized by

-
e.=1,u =20 and o = 3 S/m, determine o, p and H .

Answer _

1.  We need to determine the loss tangent to be able to tell whether the
medium is a lossy dielectric or a good conductor.,

2 = S 330351
we 10" xwxmb.
36n

Showing that the medium may be regarded as a good conductor at the
frequency of operation.

-1 u L2
MY Taric N poo | 4nx107 x20(10°)(3)
2 2
= 61.4 Np/m
3. Also, In| = ‘Ew uTaan xwoﬁc,,;_a
o 3
= B00=
3
Ew:;u ilwmmm rvc_ =45° =
we .n
4. Hence, m = He* sin T: —fz- MW a,
where, ay = .»xa.mum.‘xmwu-m"
and mlrmq.u.m.lw J =69.1x10"
°= In| =“VBoox
Thus, m__. = — 69,1 ¢ 614z ....5?0: -61.422 |H_Mw (a,)mA/m

glectromagnetic Field Theory 5-13 B (EN-Sem-3)

PART-5

Plane Waves in Lossless Dielectrics, Plane Waves in Free Space,
Plane Waves in Good Conductors.

m=ow£oub.§ n..-

B _....__H.au_nsﬁman.. Type En%&gggg Questions

Que 5.10. | Discuss the propagation of plane waves in

i, Lossless dielectrics
ii. Freespace
jiii. Good conductors.
OR
Derive all expressions of an EM Wave like attenuation constant,
phase constant and intrinsic impedance when it is propagating

_Hﬁd 2019-20, Marks 10

through a free space.

Answer _

i. Lossless dielectric: . »
1. Inalossless dielectric, o <<we. In thiscase o = 0, e =€,5, 1 = Mot
m.ermaazmzcsm?ﬂ.??;mg

..(5.10.1)
...(5.10.2)
..(6.10.3)
3. So, we get, ﬂuo_mne Be
L no
= u — ,alson= ,\I’ho
U= Q“t = 2
4. Thus, m, and m are in time phase with each other.

E

_,u-._nnm-unno“ .
Propagation of plane W aves
QHC. e= mcgn-vpu t_c,

in free space comprise of

=

@ CamScanner
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2. Thus, replacing e by e, j by , and putting ¢ = 0in eq. (5.10.1) and
(5.10.2), we get
o

a=0,f=a0 _..omouﬂ

o 1 o ts 2n
m:ﬁ_ S f
3. If we substitute the conditions ¢ 0,e=¢;,p=pyand 6, =0,
1 = Ny, in the eq. (5.10.3)

Ji/e tan20, =2 ...(5.10.4)

s U4z o e
(2
@
then we obtain, n,= [H0 ~120z-3770
&
iii. Good conductor :

n=

L Aperfect or good conductor is that in which 05> we so, -2 5> 1
e
2. Plane waves in good conductor comprise ofg = », e = €gand p=p, .

3. Putting the above conditions in eq.(5.10.1), (5.10.2) and (5.10.3), we get
o po
a=fi= M = Jxflc
o 20 _2r
“Sp Vo A=
S JGIL 2 Za50
o o

Que 5.11. _ Explain depth of penetration and skin effect.

Answer _

Depth of penetration and skin effect :

L The depth of penetration is defined as that depth at which waves
attenuates to 1/e of its original amplitude, Depth of penetration is also
called skin depth,

2. Itis ameasure of depth to which an electromagnetic wave can penetrate
the medium,

3. The depth of penetration, 5 = =
a
where, o = Attenuation constant.
4. The phenomenon whereby field intensity in a conductor rapidly
decreases is known as skin effect,

5. Itis the tendency of charges to migrate from bulk of conducting material
to the surface, resulting in higher resistance.

glectromagnetic Field Theory 5-15 B (EN-Sem-3)

S

Que 5.12. | Explain Skin effect. Derive the expression for o and Bin
> [AKTU 2017-18, Marks 07

a conducting medium.

Raswer
w.L : mr:. effect : Refer Q. 5.11, Page 5-14B, Unit-5,

B. Expression for a and B in a conducting S.m&_hﬂ.“ :

1 yiscalled the propagation constant of the medium. It is given as

Y= Jjoulc+ joe) .(5.12.1)

9. Since yis a complex n:mb:nw.. we may let
=a+
..W»u (o +g._L__WE» = a®—f*+ 2jap .-(6.12.2)
3. From eq. (5.12.1) and eq. a.uw.mwsm. have
o2— P2+ j(2ap) = jopc — w’le
Comparing real and imaginary parts we have e
o —p? = —w*le ..(5.12.

0o
20f or af = _.q

=iy -(5.12.4)
a= [Nﬂ and E = %

4 From eq. (5.12.4) and eq. (5.12.3), we have

tw c.-» Qn

4a®
dat = 0P = — da’wil e

4ot + 0’ € (do®) - plo’c’ = 0

woc? =0
4

[0

5 =—wpe

o'+ o’y ela?)—

hsjn ...a.s@
2

2y _
a'+ o’y el@’)=

2
i mu on both sides of eq. (5.12.5), we get
2
2 222 1 &)
4 2.2 Sarm IEtQ._‘ﬁEtu
! + a’o’ue + 9 4

hu o'l mu» w'p’o

5. Adding the term H

a

2

I
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2 2
A etmﬁ 1o |L .(5.12.6)

2
a= mﬁ H+h|a1u —1| neper/meter
2 e

6. Now substituting eq. (5.12.6) in eq. (5.12.3), we get

2 1 2
ope |, gil ol
2 o e 2

o'ue a W'y e

— H
P 2 +Bum»+ 2

f=w Fm.m‘ﬁ H+ﬁ.ewmmu»+p

— B =— e

Que 5.13. _ A 10 GHz plane wave travelling in free space has an
amplitude of E_ = 10 V/m. Find v, 1), , A and the amplitude of H.

Answer _

Given : E_ =10 V/m and f= 10 GHz
ToFind :v, 1, B, v, A.

1 c=Af
8
T HE& _003m
10 % 10
2, p= 28202 2509 48 rad/see
% 0.03
3 n=
1
4. V= ——— =3x10% m/sec
Ho %o
5. H=1E| _ 02652 V/m
120x

Que 5.14. _ A plane electromagnetic wave pPropagating in z direction

in a n_..m_.mnﬂlo medium of permittivity ¢, = 5, the electric field is in
H-&wo.nro: and has an RMS value 0.1 V/m. What is the direction and
magnitude of magnetic field ? Also calculate the frequency of wave.

[AKTU 2018-19, Marks 10
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glectromagnetic Field Theory 5-17 B (EN-Sem-3)

1I.I|I.||I||.|I|.I.I|

'Answer

E Given: ¢, =5,E,,,=01V/m |
__ To Find : Direction of magnetic field, H, magnitude of magnetic field,
I Handfrequency of s.uqm.__ .h

Direction of magnetic field :
E x H = Direction of propagation
fxH=2
H=9
Direction of magnetic field =y axis.
Magnitude of magnetic field :
E
1. As we know, i =T
s
n
K Ho Hp
2. Here :ngwu n“n«
_#E0nT Tesle0i0
J5
E 012
R H= 168,60, 168.60
= m.“wx ADL, A/m

4. Velocity of propagation, 5
_ 1 _8x10° _3x10 _;34x10°mss

5. We know that, w=f\
pb»mmaﬂmﬂﬁ. = m m
£= 2 =26.83 MHz
A
pagating in good conductor.

”.o.g 5.16. | A uniform plane wave pro
If the magnetic field intensity is given by
H 162 pos (2 x 1031 -152) @ A/m,

H = D.l1e gnﬂﬁa—ﬂmn—n of E field.

di
rresponding c of unit area and

loss in a bloc
AKTU 2017-18, Marks 07

determine the conductivity and €0
Also calculate the average power

thickness ¢.



https://v3.camscanner.com/user/download

and

Assume



https://v3.camscanner.com/user/download

5-20 B (EN-Sem-3) Waves and Applications

Replacing V x (V x E) from eq. (5.16.15) into eq. (5.16.14)

-+

T S 3'E
ﬂ % Hd_ -3 .mv = d »W = |T_ e Jhw ..AUHGHQV
i
6  For free space, eq. (5.16.2) will give
VD =0
-
or, V- eE =0
V-E =0 .(5.16.17)
7. From eq.(5.16.17) and (5.16.6), we get
VO)-VE = _, OB
Wﬂm
or, ViE =i m% .(5.16.18)

Similarly, we can obtain

— -2 =
VAH - {8 n%m (5.16.19)
Eqg. (5.16.18) and (5.16.19) are known as wave equations.
8. Forfreespacep=p ande=c .

o

Then wave equations for free space will be

="

- &E
V2E = pg g —5 ..(5.16.20)
ct
E °H
VIH = pg e " .(5.16.21)
Wave equation (for conducting or lossy medium) :
L Takingeq. (5.16.4),
V x Nuu = O..M..\.. + m.m
Gt
- = J.lmu —» —
or, VxH = GE+ mwmﬂ (+D=cE) ..(5.16.22)
~ 2B mT&
2. Takingeq.(5.16.3), V< E = S (v B=pH)
= oH
or, VxE —_ t..m..«| -.(5.16.23)

msnﬂogmmdnpmo Field Theory
s
Taking curl on both sides of eq. (5.16.23), we get

5-21 B (EN-Sem-3)

Vx(Vx E) = I_.-Qx@
ot
- oH
Putting V x = from eq. (5.16.22), we get
= o
s > E oE
Vx(VxE)= I_.—m.n.wh|»l—»qum ...(5.16.24)
v VBB = _uZ ZaN o .(5.16.25)
: ot t
3. Since, we have ﬂ.m =i
Ve wm =0
V- Im =0
4, Therefore, from eq. (5.16.25)
- 2E  OE
2 i
0-V°E = .cmmum po—
= ?*E  oE
or idmultm%:taM
- 2 - —
or, V2E—p mm&w Ry w% = -(5.16.26)
Similarly, equation for H can also be obtained as
27 *H __oH| . .(5.16.27)
ﬂmrtmm“u + 0 =0

Eq. (5.16.26) and (5.16.27) are the wave equations for conducting media.

PART-6

Power and. the Pointing Vector.

T

 Long Answer Type and Medium Answer Type Questions
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Que 5.17. _ Explain Poynting vector. Derive an expression of
Poynting theorem for EM wave. Also explain the significance of

each term of the expression. _\bﬁ.—d 2018-19, bnmlﬁﬂ
OR

State Poynting theorem. Derive the mathematical expression for

Poynting theorem. [ARTU 2017-18, Marks 07
OR

Derive the mathematical equation for poynting vector.

[AKTU 2021-22, Marks 10 |

Answer

1. Energy can be transported from one point to another point by means of
EM waves. The rate of such energy transportation can be obtained from

Maxwell's equations :
Vx B =—pil (6.17.1)
ct
Vx H =oE +e%% (5.17.2)
ot
2. Taking a dot product on both sides of eq. (5.17.2) with m.... gives
E (vx H)=oE?+ E .mm% (517.3)

3. For any vector fields A and B
V(A xB)=B(Vx A)= 4 «(Vx B)

Applying this vector identity toeq. (5.17.3) (letting A = H and B = E )

gives
H - (Vx E)+V-(H x E)=cEl+ E - 28
ot
1 _oF?
= oE*f gt
a. 5 - % .(6.17.4)
4. Taking a dot product on both sides of eq. (5.17.1) with H ;
=2)
- -+ — aH = W - =
H - (Vx m_um.ﬁl —|=—Z(H-
B 5 o (H - H) ...(5.17.5)

6. Thuseq. (5.17.4) becomes,

Eenqcﬂmmdman Field Theory 5-23 B (EN-Sem-3)
2 -4 - 2
Hltnlmummlld‘.n.m.xmvﬂﬂmun+mlm@m\.[
2 ot 20t
Rearranging terms and taking volume integral of both sides
B HD) dus e ]
Mq (ExH)dv =~ P _._Hm eE*+ ME»TTT@“&: .(6.17.6)

Applying the divergence theorem to the left-hand mE.m gives
% (BxH) dS=-2 ﬁw cE? +WE¢» &=|.—9mma.c (6.17.7)
< oty 2 2 :
Il ! 1

loget Rate of decrease in Ohmi
Total power leaving | —| energy stored in electric |ﬁ himic vns_n..v
the volume and magnetic fields dissipated

6. Eq.(5.17.7)is referred to as Poynting’s theorem. The quantity ExH is

known as the Poynting vector P, measured in watts per square meter
(W/m?);ie.,

- -
P=iEicH
It represents the instantaneous power density vector associated with

the EM field at a given point.
7. Theintegration of Poyntingvector over any closed surface givesthe net

power flowing out of that surface.
8. Poynting theorem states that the net power flowing out of a given
volume v is equal to the time rate of decrease in the energy stored

within ¢ minus the Ohmic losses.

_ PART-7 _

Reflection of a Plain Wave in a Normal Incidence.

cwionr

Que 5.18. _ Explain the reflection of plane wave for the normal
incidence. Discuss about reflection and transmission coefficient for

E and H. [AKTU 2017-18, Maris 07

X dance (Z,) then
s h isticimpedance (Z;) the
1. Ifload impedance (Z,)is not equal to characteris
Bmadm»n:uonncam. ?hmrmm case the part of the wave gets absorbed by the
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PART-8

Transmission Lines and Smith Chart.

T
Long Answer Type and Medium Answer Type Questions

Que 5.20. _ Derive expressions of voltage and current in a

transmission line. [AKTU 2019-20, Marks 10|
OR

Derive a general expression of voltage and current of a transmission

line. [AKTU 2018-19, Marks 07|
OR

What is transmission line ? Derive all the su pporting mathematical

[AKTU 2021-22, Marks 10

equations of the transmission line.

Answer _

A Transmission line : A transmission line is a means of transfer of
information from one point to another. Usually it consists of two
conductors, It is used to connect a source to aload. The source may be a
transmitter and the load may be a receiver.

B. Expression of voltage and currentin a transmission line :

1. By applying Kirchhoff's voltage law to the puter loop of the circuit in
Fig. 5.20.1, we obtain
al(z,t
Viz, ) = R AzI(z, t) + L Az M. v+ Viz + Az, t)
or
: - Viz,¢ al(z,t
=i E.h (&, 8 Rl n.ﬂwiu (5.20.1)
2. Taking the limit of eq. (5.20.1) as Az — 0leads to
aV(z,t) al(z,t)
= RI(z,t)+ L o (6.20.2)

3. Similarly, applying Kirchhoff's current law to the main node of the
circuit in Fig. 5.20.1 gives
Iz, )= I(z + Az, t) + AT

V(z+ Az,t)
at

H:N+b~.:+QDNSN+m&.3+Obm

lectrom agnetic Field Theory 5-29 B (EN-Sem-3)
\\\\\II||.||
or
— 5t
Hesea DR e e VA (5.20.3)
. o . .(5.20.
1(z, t) . RAz Lz I(z + Az, t)

To load

To generator bnﬁn vty Toload

—
V(z, t)

Lt

z % +A0z

Fig. 5.20.1. An L-type equivalent circuit model of
two-conductor transmission line of differentinl length Az,

4 As Az 0, eq. (5.20.3) becomes

AR n% .(5.20.4)
0z
ic ti hat
. If we assume harmonic time dependence so t
: Z Vi(z, t) = Re [V, (2) .m.s.._ HMWWW“
I(z, ) = Re [I,(z) ¢"] - .(6.20,

where V.(z) and 1 (z) are the phasor forms of Viz, £) and I(z, )
Bmvmn:,_.w_w. eq. (6,20.2) and (5.20.4) become

i@\... = (R +joL) 1, ..(6.20.7)
dz
|W.~P = (G +joC)V, ..(5.20.8)
.8
6. Take the second derivative of V, in eq. (5,20.7) and employ eq. (5.20.8) so
that we obtain
G £ 3
m.ml&““h = (R +joL) G +joC) V,
d’V, _ .(5,209)
cﬂ 5 ﬂw.c.. ] 20.10)
whi Y=o +jp= (R + .\EHLAQ + ...EH\J .(6.20.
ere, =

4 loying eq.
7. By taking the second derivative of I in eq (5.20.8) and employ:

(5.20.7), we get
2
Pl g
nﬂhn
§. Thus, yin eq, (5.20.10) 18 the propagi
and p is the phase constant,

,(5.20.11)

ation constant, cis the attenuation,

CamScanner
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9. The wavelength A and wave velocity u are, respectively, given by

-2 ..(5.20.12)

=0 ..(5.20.13)

10. The solutions of the linear homogeneous differential equation (5.20.9)
and (5.20.11) are
V@) =Vte™ + Ve
—+z—z ...(5.20.14)
and
I(2) =TIt e” + 1) el?
— + 2 =2 — ...A@.NO.HQH
where Vi*, Vi, I~ and I~ are wave amplitudes; the + mna — gigns,
respectively, denote waves traveling along +z and —= directions.

Que 5.21. — Define characteristic impedance.
OR

Define propagation constant and characteristic impedance. Derive
the boundary conditions for electric field between two dielectrics
having different permittivity interfaces.

| AKTU 2017-18, Marks 07 |
Answer _

A, Propagation constant : The measure of the change in amplitude and
phase unit distance is called the propagation constant,

B. Characteristic impedance :

1. The characteristicimpedance Z, of the line is the ratio of the positively

traveling voltage wave to the current wave at any point on the line.
2. The characteristic impedance is given by

Zy= S B R0l |y (5.21.1)
I 'fs Y G+ joC
R+ joL
or 2= \G+ joC =Ro+iXq (6.21.2)

where, R, and X, are the real and imaginary parts of Z,,.
C. Derivation : Refer Q. 2.26, Page 2-29B, Unit-2,

Que 5.22, _ Discuss the concept of lossless and distortionless line.

Answer _

i. Lossless line :

1. Atransmission line is said to be lossless

, I ifthe conductors of the line are
perfect (g, = =) and the dielectric medium separating them is lossless
(o =0).

Emuﬂ.oammﬁmmn Field Theory
I‘ll\l.l.lll.l.lllll|||

a line, when ¢_=w and ¢ = (.
g, FKor such a ueo L
This is necessary condition for a line to be logsless.
Thus for such a line,

5-31 B (EN-Sem-3)

m. .
a=0, y=jB u;__.e,.\mm
(0} 1
UE ————=
a7l
k.o = o- Nc = m.-ﬁ. = I%l.
ii. Distortionless line :

1. A distortionless line is one in which the attenuation constant « is
frequency independent while the phase constant f} is linearly dependent
on frequency.

9 Adistortionless line results if the line parameters are such that

R_G
S G
3. Thus, for a distortionless line,

S sC)
y= (\mmﬁy.,..l:auﬁr G

- ,\wm?rumhu =a+tjp

or

a= JRG, p=wyLC

Showing that a does not depend on frequency, whereas f is linear
function of frequency.
%:@%J\Muﬁusl,?
Ga+ joCl@® NG \C

4. Also,
_‘m_ T. _ =0
or Nm_O“ m"m- .V»N_u
0 el
and alm quhn

4 Z. =800Q,
Que a. 23. _ A transmission line operating at 500 MHz _u”m Qaﬂb& =
@ = 0.4 NP/m, B = 1.5 rad/m. Find the line parameters R, Bt

Gl _ is a distortionless line.

L Since Z, is real and a.# 0, this1

CamScanner
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Z,= JR/G .(5.23.1)
LG
. - .(5.23.2
and PR )
and, a= JRG ..(5.23.3)
and, B= oLJG/R .(5.23.4)

N

Multiplying eq. (5.23.1) and (5.23.3), R = a Z, = 0.04 x 80 = 3.2 @/m
3. Dividing eq. (5.23.3) by (1), G = a/Z, = 0.04/80 = 5 x 10-* &/m

4. Multiplying eq. (5.23.1) and (4), L= BZ0 __15X80 _ g5 gy
® 2nx5x10

5. Fromeq.(5.23.2), - LG _12 1078 x 0.04 X 1
RN 80 0.04x80

=5.97 pF/m

Que 5.24. _ Derive an expression for characteristic impedance,

input impedance of a transmission _mbm._ AKTU 2019-20, Marks Hﬂ

Answer _

A, Characteristic impedance : Refer Q. 5.21, Page 5-30B, Unit-5.

B. Inputimpedance;

1. Input impedance is defined as the ratio of voltage and current at the
sending end. .

2. Let the transmission line extend from z = 0 at the generator to
z = at the load.

Zly < 2 ""J_.umluw
H—
I,
+
+
Ve Vo _IV Ziy (v, Zp) ™2 Zy|| Vg
_ zi=]
2=10 .
Fig. 5.24,1,
We know, V(@)= Vie® + V,e® ..(5.24.1)
o= Yy
.—. ANH ~ o =l
s .Na Z, (56.24.2)
If the conditions at the input be
Vo=Viz=0),I =I(z=0)
| el
.:._mb. aw_.._ = WQ\: + Nnm.ou and q.\c = m :\m - Noh..._v ..(5.24.3)

If the conditions at the load be
Vi=Ve=0,I,=1z=1)

k&

il mngﬁmmuaﬁmn Field Theory 5-33 B (EN-Sem-3)
II‘I‘..'..IIlII||
Vits = (V, + Z,I )"
then, 0" gt e (5.24.4)
1
and Vy= 5 (V; =21, )e™ .(5.24.5)
g Fromeq. (5.24.1) and (5.24.2),
Vi@ Z,(V* + V)
N. = - —1 (b ) 9
R P i v (5.24.6)
Wy e X ¥ _ oo
Walknow that, — = cosnee= S T Py
1 2 2
m_.. = mii
Substituting eq. (5.24.4) and eq. (5.24.5) into eq. (5.24.6) we get
7. = 7,| ZntZo tanh vl | ooy (5:24.7)
8. For a lossless line, y =B, tanh jpl = j tanpl, and Z, = R, so eq. (5.24.7)
becomes
.(5.24.8)

| Np+..mNoﬁm=<.m :owmruw&

N;|Noﬁmo+u.u...5=1 .
Showing that the input impedance varies periodically with distance l
from the load.

9.  When output impedance is short, i.e., Z; =0,
then, 2= Ns_&pua = jZ, tan pl

mn

Que 5.25. _ Derive the relation between reflection coefficient and
voltage standing wave ratio (VSWR).

Answer _

Relation betw
wave ratio :

1. Ifthere is proper impedance
energy will be transmitted t
load impedance then some part 0
transmitting end. This reflected wave
maxima and minima. : St

2. The reflection coefficient s the ratio of the reflection wave to the inci

wave, that is

een reflection coefficient and voltage standing

matching at the load side, then the maximum

i i ismatch in

the load but if there is any misma
. fenergy is reflected back towards ,.Tm
forms a standing wave of definite

Ve ..(5.25.1)
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cr |
on _:n _ _u+_.|. N__.Na _..._m-i_u_mx_uw_
Vi Z, +Z,

3. The voltage standing wave ratio is defined as

VSWR = HsmﬁBEa voltage or current
Minimum voltage or current

e ]

iyi—

_d\.n.:_ i _Naw_
4 The |Veuel = [Vi| + V5
and Vel = Vo] =[]

5. Therefore, the voltage standing wave ratio is given by

q-
<¢ 0
el | % E

GEG G
o=l g T-s
=
d
V=
1+ vnﬁ_;
or 5= m.. . .-(6.25.2)
Hl\n_
St
6. From eq, (5.25.1) and (5.25.2), we get
1+|r|
VSWR = Hli «(5.25.3)

Que 5.26. _ Relate short circuit, open circuit and characteristic of

transmission line.

Answer _

1. Ifthe line is open-circuited, Zy=xn

1+ .WN@, tan il
= N_me Zy= NWNW Zy % +__..p ;
A J tanfi
T cisacy
= jtanpl = ~J4,cot pl (5.26.1)

2. Ifline is short-circuited, Z,=0

3 0+
Zo—Zim— TQM@@E
0

Emngdammdn:n Field Theory 5-35 B (EN-Sem-3)

= J4, tan Bl £
5 Using equation (5.26.1) and (5.26.2) )
Zoo X L= (Z, tan Bl) (- jZ, cot pl)
Zoo%Ze= 73
4 Characteristic impedance
2= \Zge Zg,
Que 5.27. | What is Smith chart ? Explain how it is constructed.

OR
Explain uniform m_mbm.ﬁuﬁ. Derive uniform plane waves in lossless
dielectrics. What is skin effect ? Explain the smith chart in detail.

| AKTU 2021-22, Marks 10|

Answer

A Uniform plane wave : A uniform plane wave is defined as the
magnitude of the electric and magnetic fields, The electric and magnetic
fields are orthogonal to the direction of propagation.

B. Uniform plane wave in lossless dielectrics : Refer Q. 5.10,
Page 5-13B, Unit-5.

C. Skin effect : Refer Q. 5.11, Page 5-14B, Unit-5.

D. Smith chart :

1 It is a graphical method used for solving lossless transmission line
problems.

9 It consists of a group of concentrie circles, i.e., circles corresponding to
the constant resistance and conductance.

8. This chart comprises of the values of impedance and admittance in the
normalized form.

Normalized impedance :

“N 1 m
Zn = characterstics impedance Z,

Normalized admittance :

oL
u‘alN

n

Drawing of Smith chart :

1. The Smith chart is a graphical means
such as I, s and Z,,. It is constructe
(|| 1) as shown in Fig. 5.27.1.

of obtaining line nrﬂ.mnpoimﬂ.mnm
d within a circle of unit radius
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|III|I|I.|.|.|'I."|

[T =1,8=c

'Fig. 5.27.1. Unit circle on which the Smith chart is constructed,’
2. The construction of chart is based on a relation as

Z.-Z
et LL=4y
e (6.27.1)
o [=|[|£8,=T. +jL; (5.27.2)

where I'_and I'; are real and imaginary part of reflection coefficient,
3. The normalized impedance z; is given by

Zy 5
7= ZE=T (5.27.3)
4. Substituting eq. (5.27.3) into eq. (5.27.1) and (5.27.2) gives
: -1
L= T, FjC, =L
JiL 50 .(D.27.4)
.. [@+T)+JT;
or Zp=p+jr=—-" 1L
5. Equati G EeEY TR
- Equating real and imaginary components of eq. (5.27.5), we get
ey AN 5.276
A=T,?+L2 i
x =B JU - (5.27.7)
ﬂH Iﬁﬁ.uu + ~|‘—-N S . :
6. Rearranging terms in eq. (5.27.6) and (5.27.7) leads to
2 2
e JILE 3o
ﬁ S ; +T2 = Tﬂwu_ ..(6.27.8)
mr.—.a_Tl I.H‘_u.f—”ﬁ. H 2 H 2
r = ..M = ﬁ“g ..‘,m.m...«.e
Here centre at ([P (_r o,_
: T. +1’ _

etic Field Theo
E 3 5-37 B (EN-Sem-3)

Radius = >
1+r

d x, there ar icit ci
7. For each r and x, ire two explicit circles (th i
reactance circles) and one implicit circle (the Sumnmnamm.ﬂwwﬂwnnm -

Q.1. Derive and explain differential form of Faraday’s law of
electromagnetic induction in vector form.
Ang: Refer Q. 5.1.

Q.2. Explain the concept of displacement current in an
electrical circuit. Also determine the condition when
conduction current becomes equal to displacement
current.

Ans: Refer Q. 5.2

Q.3. Explain all forms of Maxwell's equations in time varying
conditions with its physical significance.
Ang. Refer Q. 5.6.

Q.4. What do you mean by lossy dielectric and explain the wave
propagation in lossy dielectric.
Ans. Refer Q. 5.7.

Q.5. Discuss the propagation of plane waves in
Lossless dielectrics

Free space

. Good conductors.

Ang. Refer Q. 5.10.

-
- - -

Q.6. Explain Skin effect. Derive the expression for a and § in a

conducting medium.
Ang& Refer Q. 5.12.

i ion of Poynting
7. Exoplain Poynting vector. Derive an express
: :“M:.m“ _.MWME ana. Also explain the significance of each

term of the expression.
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Ans. Refer Q. 5.17.

Q.8. Explain the reflection of plane wave for the norma|
incidence. Discuss about reflection and transmissiop
coefficient for E and H.

Ans. Refer Q. 5.18.

Q.9. Derive expressions of voltage and current in 5
transmission line.

Axns Refer Q. 5.20.

Q. 10. Define characteristic impedance.

Ans. Refer Q. 5.21.

Q.11. Derive an expression for characteristic impedance, input
impedance of a transmission line.

Ans. Refer Q. 5.24.

Q.12. What is Smith chart ? Explain how it is constructed.

Ang. Refer Q. 5.27.

©O0

tromagnetic Field Theory
.mnuwmn\lulll| ||.||II||I||||I.|||MA~I~ B (EN-Sem-3)

Co-ordinate Systems
(2 Marks Questions)

UNIT

1.1. Define the terms scalar and vector.

ﬁﬂM Scalar : The term scalar refers to a quantity which has only
magnitude but not direction,
Example : Mass, density etec.
B. Vector : The term vector refers to a quantity which has both
magnitude and directionin space.
Example : Force, velocity etc.

12. Define unit vector.
Ans A unit vector a, along A is defined as a vector whose magnitude

..
is unity and its directionis along A , r.e.,

1.3. Find the unit vector of the vector A = (7a, +2a,+8a,).
[AKTU 2021-22, Marks 02 |

...
Ans; Unit vector of the vector A

A
GAE
[A]

7a, +24, + 8a,
7 + (2 +(8)
7a, +2a, + 8a,

gt sy —

- 10.81 %
0.64a, +0.18a, + 0.74a,

Il
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2 Marks Questiong
|I||||.I.|Il|l|l|l‘|f
1.10. State Stoke's theorem.

Ans. Stoke's theorem states that the circulation of vector field M aroung

aclosed path L is equal to the surface integral of the curl of M over

the open surface S bounded by L, provided A and V x A are
continuous on S,

Le., %M&Imﬂ.;dxw.w&m
I, S

1.11.; Explain the physical significance of divergence and curl,
Ans!

A. Physical significance of divergence : “Divergence of a vector

=
function F at each point gives the rate per unit volume at which
the physical entity isissuing from that point”.

B. Physical significance of curl : The physical significance ofa cur]
of avector field is that the curl provides the maximum value of the

circulation of the field per unit area and indicates the direction
along which this maximum value oceurs.

©OO

m_@nﬂdammnman Field Theory SQ-5B (EN-Sem.3)
\\\Iul.\'l] B ———
E
| Electrostatic
<l (2 Marks Questions)

2.1. State Coulomb’s law. i
Anis; Coulomb's law states that force (F) between the two point charges
and @, 18 !
1 Wmamon_% mﬂ.ovoaaou& to the product @,Q, of Em charges.
m‘ Inversely proportional to the square of the distance R between
" them along the line joining them i.e.,

Fo @.._mmn

i . 1- 02
99. Explain electric field intensity. | AKTU 2021-22, Marks ]

Ans The electric field Eﬁ.,gm#% £ is defined as the force per unit charge
when placed in an electric field.
—»

S 1
ie., E ==

Q

's law.
int form of Ohm’s law and Gauss's ———
23. State point form o AKTU 2017-18, Marks 02

OR

Explain Gauss’s law for electrostatics.

] inals of a
Ans; T ce V across the termin s
> : tial differen throug
e Oj s _mﬁﬁ.wwnﬂﬂmﬁon wo_.aow& to the current ] flowing
resistor R,
it.
Y ic flux (v)
v=IR tates that the total electric flux
B.

| db
Gauss’s law : Gauss’s 1a¥ § equal to the total charge enclosed bY

through any closed surface s

that surface. e .(2.31)
= .dS

ie., Y= Qenc \M 2

m CamScanner
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2.4. Explain relaxation time constant.

AKTU 201 8-19, Markg o5
AmE: The relaxation time constant (x) is defined as the time requiraq s
the charge density to decay to 36.8 % of its initial valye, 10
=

Relaxation time constant (1) = — sec.
O

2.5. Prove that m = - grad V, where E is electric field intensity

and V is electric potential. AKTU 2021-22, Marks 2.

AnE: dV=-Edx—E dy-E_dz . .(25.1)
v av oV

and also % > Y % ...(25.2)

Comparing eq. (2.5.1) and (2.5.2)

We get,

E.- |m<.m_ ulmﬂ..hn =R
C A Oy 0z

E =-vV=—(grad V)

26. Explain the significance of continuity equation in a good
conductor. [AKTU 2019-20, Marks 02|

Ang. The current diverging from a small volume element must be equal
to the rate of decrease of charge within the volume.

2.7. Narrate the concept of electric dipole moment.
[ARTU 2021-22, Marks 02

Ang;

L It is the product of the magnitude of charges and the separation
MWMMMM:L{W. The dipole moment determines the strength ofan
2 Mtk Pole to produce the electric field.
ematically, the electric dipole moment is given by,
»0 =qx Mﬁ =

2.8. Wri ; .

Write the Poisson s and Laplace equation. :
AKTU 2017-18, Marks 02
wumrmv_mnc.m equations are used to solve the bound™

AN& Poisson’s an
value proble

For a homogeneous medium,

mm%n.aammdmmn Field Theory

- .

8Q-7B (EN-Sem-3)

vy = “Py
€
Eq. (2.8.1) is called Poisson’s equation.
For a charge free region, i.e., p =0
e ..(2.8.2)
Eq. (2.8.2) is called Laplace’s equation.

-(2.8.1)

29, A copper wire carries a conduction current of 1 amp at
60 Hz. What is the displacement current in the wire ? Assume
= €, and o = 5.8 x 107 ohm/m.

K= Hor
AnE Ml L RS — L el
" Given: Ip=1A,f=60Hz n=y, e=cjando=58x 07 chm/m
To Find : ], 3 Ta v, S
_ We know that,

s ]

=7 Smluxmaxacxwo-m
la=lc ~ == g6 68 x10"
= 0.575x 10-18A=575x10-17A

210. Find electric field density for infinite line charge using

Gauss'’s law.
Ang: According to Gauss's 1aw

- -
@ﬂun = D.dS

1l : 3 -.—.ﬂ_ﬂﬂouﬂ ﬂ 3 Dm.
2.11. What is continuity €d 4 from the law o noummﬂﬂmoouu o

; M ;o is deriv: accum

Aua: Continuity eqUaO\tatenthtthere 1122
charge at any ﬁ&.mwn. ;
Continuity equationis

L ]..mlﬁp where, Py
d.n\.!. m“

givenby :
_ Volume charge density

m CamScanner
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2.12.

2.13.

2 Marks Questjop,
. |||||IIII||I".|/

Why work done on a charge is zero when it jg movell
in
close path ? AKTU 2019-20, bnﬂu..._wn._nu_

‘< is because starting and terminating point igsg
Mwnw._mmmanm upper and lower limit of integration MMNMNM%“M“&
hence the work done becomes zero. Such an integral oyey 5 n_EM_M
pathis denoted as,
$ E-dL =0
Closed
path

Prove line integral of static electric field in a close path ig
Sere! | AKTU 201819, Marks 02

. As we know that the potential difference between point A and B is

independent of path taken. Hence,
Vea=—Vag
ie, Vpy+Vip= PE.di +(2.18.1)
L

. The eq. (2,13.1) shows that the line integral of E along a closed

path must be zero as shown in Fig, 2.13.1.

. It also implies that no net work is done in moving a charge alonga

closed path in an electrostatic field.

—-

E
B

m. 1] " i - " 1
18: 2.13.1. The conservative nature of an elactrostatic field.

4. Applying Stoke’s theorem to eq. (2.13.1)

ﬂwm.& - hax E).dS =0

©0©

m_%anaﬁmmdmin BieldtHeory SQ-9 B (EN-Sem-3)
=
Magnetostatics
arks Questions)
31. Explain Biot-Savart'’s Law.  [AKTU 2017-18, Marks 02 |

Ans.

32,

e

3.3.

Biot-Savart’s law states that the differential magnetic field intensity
dH produced at a point P by the differential current element Idl is
proportional to the product /d/ and sine of angle (a) between the
element and the line joining P to the element and is inversely
proportional to the square of the distance R between P and the

element. Mathematically,

Idl sin a dl
T R
i I —
or dH = Jadgl 511G wama 3 dH (inward)

where k is the constant of proportionality.

- -
Fig. 3.1.1. Magnetic field dH at P due to current element 1dl.

Name the two major laws governing magnetostatic field.

Two major laws are :
Biot-Savart's law.

Ampere's circuit law.

Explain Ampere’s circuital law for magnetostatics,

[AKTU 2015-20, Marks 02|
OR . 4
Explain Ampere’s circuital law in static magnetic field.

TAKTU 2018-19, Marks 02|
Ampere’s circuit law states that the line mﬂnmmnmm_ owﬂﬂwmwm Maﬂﬂm.wwm
intensity around any closed pathis exactly equ

enclosed by that path.

—» =t
Mathematically, %m rdl =,

@ CamScanner
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34, Give Maxwell’s equations in differential and integyry) form
AKTU 2017-18, Marky )

Ans
S T
(@epoint) | IntegralForm )¢5 & SHeRIaELE
form

=3 =2 3
v.D =p, %mb.&.wn‘_.nua___c Gauss's law

= = = i o e
=S50 B-dS=0 Non-existence of magnetic
2 monopole
o m. 0 h m.u. mmm =0 Conservative nature of
electrostatic field
== Ly e e
Vx H =J  H - dl n_.k.&m Ampere's law

- =

3.5. What are the various characteristics of vector magnetic

i
potential (A) ?

1. Itexists even when J is present.

|.
2. A isused to find near and far fields of antennas.

36. What are the characteristics of scalar magnetic
potential (V)i

1. The negative gradient of V.. gives H e H =- YV
2. It exists where H =0,

bl . .
7. The vector magnetic potential A due to a direct currentin

mlnouannna.n in free space is given by

A= (2% 4 y2) a, pWh/m?.
| Uﬁmﬂﬂum.g the magnetic flux density (B).
Ang; Given, 4 = (2, 2) 4

: ¥%) @, pWh/m?

B =y .M

ic Field Theo
lectt omagnetic I'1é ry 8Q-11B (EN-Sem-3)
ﬁ)HM >v‘ nh
o 9 02 |-|z.19 2 . B
"l oy @ :Tuﬁ@_? +u§¥f&ﬁm?~+u&u+i
0 0 x+y

=[2y 4, — 2x @,] pWh/m2,

38, Explain the concept of magnetic flux density.
| AKTU 2021-22, Marks 02 |

The flux per unit Area (A), measured in a plane perpendicular to
the flux is defined as the flux density. It is measured in Tesla (7)
and denoted by B,

. Magnetic flux density B = H Tesla.

A

3.9. Write the unit of magnetic flux density.
Ang The unit of magnetic flux density is Wh/m?.

3.10.3 An isotropic material has magnetic susceptibility of 4 and

—

Iv
H =1.989 x 10°y a, A/m. Calculate magnetization (M) .
AWK Given,y, = 4, H =1.989x 109y d, A/m.

M o=y, H=4x1989x10%yd, =7.95%x10%y d, A/m

©0®
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|/

Magnetic Forceg
(2 Marks @ﬁmmﬁobmv

UNIT

||.l.l
4.1. Enlist the ways in which force due to magnetic fielgs can he
experienced.

Ans:

|.
1. Due to a moving charged particlein B field,

2. Ona current element in an external magnetic field.
3. Between two current elements,

42. What is Lorentz force equation ?

Ans. For a moving charge @ in presence of both electric ang i
field, total force on the charge is given by SRR

3y, o D._
m.lm.m+m.3
= —

. !
or F=QE + uxB)
This is known as Lorentz force equation,

43. What is magnetic torque ?

.. . —
Ans The magnetic torque T' on the loop is the vector product of the

force F and the moment arm 1 e, TR, F
EMM Write difference between magnetic and electric dipole.
B Electric dipole Magnetic dipole
mmmwa“mmoﬂ ,M_. Bmmﬂﬁm the | It is the torque experienced by a
: POsitive and materi 1 ; ic field.
| |megative chargesing system, erial placed in magnetic fie
2 i e B
&Ewmamcww%%nohﬁcm&mnwzn Emﬁmlm:m made out of magnetic
that turng the Emnwdn field | dipole cause the magnetic field
L |reduceq, Pole to be .::K turns the dipole to be
/ increased.

_— . et

45. D
efine Magnetio dipole moment ?

4

mwmnnnouummuosn Field Theory

aps It is the product of current and area of the loop. G Sl
An magnetic dipole moment ig perpendicular to the Swdmw_mr mmwmwwm %h..

m =18 q,
where, I = Current, S = Area of loop,
and @, = Unit normal vector to the plane of loop.

4.6. What is magnetization ?

Ans. It is defined as the magnetic dipole moment

: T unit volume and i
measured in amperes per meter, The total S =

magnetization is given by
v i L
M - lim—y 5
a—0 Ap i1 J
where, m; = Magnetic moment of j* atom, Av = Volume.
and N = Number of atoms,

47. Derive the expression for inductance per unit length of
coaxial conductors.

Ans. The inductance per unit lengthis given by,

_ ¢ _ (W/2n)log,lalb) e (a H/
B 1 3 mn_am.FL =

where, ¢ = Magnetic flux
a = Outer diameter of the conductor
b = Inner diameter of the canductor.,

4.8. List any four analogies between electric and magnetic
circuits.
Ans,

8. No. Electric circuit Magnetic circuit

L Current, I = _.mv dS Magnetic flux, y = ._.m o

- : =2 NI
=5 - | Flux density, B = S H
Oc:‘mhw%:wm@.nluam

2 S S

49. Explain the term ‘Inductance’.
[AKTU 2021-22, Marks 02

AnS:  An inductor is a passive component that stores energy in the form
of magnetic field and is also called as inductance.

4.10. Write the expression of energy stored in magnetic field.
Aus Energy stored in magnetic field,
&Y W = (1/2) LP?

©0©
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2 Marks @smmﬂmcpm

Waves and >wﬁ=omﬁc=m
UNIT (2 Marks @ﬂmmnmoﬂmv

AKTU 2017-18, Marks (2

Afs. Faraday discovered that the induced emf, V_ - (in volts) in an
closed circuit is equal to the time rate of nwmﬁ_m@ of the Emmdmsm
flux linkage by the circuit. Thisis called Faraday’s law, and it G
expressed as

5.1. Explain Faraday's law.

—dh dy
H\E.:_. = dt
where A = Ny is the flux linkage, NV is the number of turns in the
circuit and ' is the flux through each turn.

52, Define the term depth of penetration.

Ang The depth of penetration is defined as the depth at which waves
attenuates to /e ofits original amplitude. Depth of penetration is

also called skin depth. It is a measure of depth to which an EM wave
can penetrate the medium, Skin depth is given by,

1
6= = where, o = Attenuation constant.

53. Explain behaviour of a conductor at hj gh frequency.

| AKTU 2019-20, Marks 02
quencies the skin depth becomes much smaller in

Ans) At high fre
conductor.

54. Explain Poyntin g vector, Eﬂ.d 2019-20, Marks c.u.._

The vector product of electric field intensity % and magneticfield

intensity s il
NIty H at any point is 4 measure of rate of energy flow PEr

unit i E x H |
area at that point, The quantity B x H is known as the Poyntiné
veetor and g denoted by p

..h.un W.xmg\au

-

JectrO

magnetic Field Theory

g SQ-15B (EN-Sem-3)
\\\\\/

55. State Poynting’s theorem.

AniS

5.6.

g

5.7.
ATE

5.8,

5.9.

Ang,

Poynting’s theorem states that the net er flowi i
volume is equal to the time rate of mmmﬂ%ﬂ% w“. ﬂwwﬂwwwmwwmm%wmm
within the volume minus the Ohmic losses,

Mathematically,

it | - -5
%ﬁmxmu.&m = ..mﬂiw.mmu._..mw:.mémc|%omu%

Total power leaving = Rate of decrease in Ohmic power
the volume energy storedin - dissipated
eletric and magnetic
fields

Explain reflection and transmission coefficients.
| AKTU 2018-19, Marks 02

Reflection coefficient : It is the ratio of the magnitude of reflected
electric field to incident electric field.

L= w _ N2 =0
ms Jc = J“
Transmission coefficient : It is the ratio of the magnitude of

transmitted electric field to incident electric field.
E, 2n,

i.e.,

Le., T=

E, n+n

Explain the significance of loss tangent. .
tan 0 or O may be used to determine how lossy a Bmm:hn is. .P
medium is said to be a good dielectric (lossless E,umi.wnc if tan B1s
very small (c << me) or a good conductor if tan 8 is very large

(o>> wme).

Write an equation of EM wave. [AKTU 2018-19, Marks 02 |

The wave equation is of the form
Sy o &y

e = 0
,ot? oz ,
with the solution,  y =A sin (ot —f2)

Explain refraction coefficient and reflection time constant

in context to EM wave propagation. :
[AKTU 2019-20, Marks 02 |

Refraction coefficient : The refraction coefficient represents
the ratio of E (or H) in refracted and incident waves.
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SQ-16 B (EN-Sem-3)

2 Marks Questiong

B.

5.12.

Ang,

5.13.

5.14.

Reflection time constant (Reflection coefficient) .
Refer Q. 5.6, Page SQ-16B, Unit-5, 2 Marks Questions.

. Explain parameters of a transmission line.

| AKTU 2019-20, Marks 02

An electric transmission line has four parameters, namely
resistance, inductance, capacitance and shunt conductance.

The electrical design and performance of a line are dependent on
these parameters.

The line resistance and inductance form the series impedance of
the line.

The capacitance and conductance form the shunt admittance of
the line,

Give application of Smith chart.| ARTU 20 17-18, Marks 02

Admittance calculations on any transmission line, on any load.
Impedance caleulations on any transmission line, on any load.

Explain the physical significance of Poynting vector.

[AKTU 2021-22, Marks 02

The integration of Poynting vector over any closed surface gives
the net power flowing out of that surface,

Write an equation for an EM wave pPropagating in a

conductor. _Ibﬁﬂd 2019-20, Marks 02
The wave equations in a conductor,
- 277 25
ViR e Ol S oHIER
o> ol

Explain the reflection of a plane wave in a normal incidence.

[AKTU 2021-22, Marks 02]
Ifload impedance (Z,)is not equal to characteristic
then mismatch occurs. In this case the part of the wave gets absorbed
by the load while the rest part is reflected back to the source.
Thus, due to mismatch in impedance the reflection 0CCUrs.

©OO

impedance (Z,)

ot magnetic Field Theory
e

B.Tech,

(SEM. IV) EVEN SEMESTER 7m0
EXAMINATION, 2017.18

ELECTROMAGNETIC FIELD THEORY

l‘..ll.l.lul.lulll.lll
Time : 3 Hours Max. Marks : 100
e L A
Note: Be precise in your answer. In case of numerical problem assume
data wherever not provided.
SECTION - A
1. Attempt all parts of the following questions - (2x10=14)

a. Write the Poisson’s and Laplace equation.
Ans. Refer Q. 2.8, Page SQ-6B, Unit-2, 2 Marks Questions.

b. State point form of Ohm’s law & Gauss's law.
Ans: Refer Q. 2.3, Page SQ-5B, Unit-2, 2 Marks Questions.

c. Explain Biot-Savart’s Law.
Ans. Refer Q. 3.1, Page SQ-9B, Unit-3, 2 Marks Questions.

d. Give Maxwell’s equations in differential and integral form.
Ans. Refer Q. 3.4, Page SQ-10B, Unit-3, 2 Marks Questions.

e. Give application of Smith chart. . .
Ans: Refer Q. 5.11, Page SQ-16B, Unit-5, 2 Marks Questions.

; .. .nm
f. Transform the point P(5, 3, 6) in cylindrical coordina
system., )
AnS: Refer Q. 1.5, Page SQ-2B, Unit-1, 2 Marks Questions.

g. Explain Faraday’s law. : St
AWE Refer Q. 5.1, Page SQ-14B, Unit-5, 2 Marks Questions

SECTION-B

llowing questions:
2. Attempt any three parts oxw.w.wumw ammao back to back cones

a. Calculate the capacitance e .
separated by infinitely mEmH._ m&aEan
AnS: Refer Q. 2,29, Page 2-34B, Unit-2.

: ircle
Ay . A single turn circ
b. State and derive ampere Quaﬁﬁwmwwﬂﬂqoua 28 x 10* amp-
coil of 50 meters in diameter ity H at a point on the

i intensi
Determine the magnetic field in
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