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JEPPIAAR ENGINEERING COLLEGE
DEPARTMENT OF ELECTRICAL AND ELECTRONICS ENGINEERING

VISION OF INSTITUTION

To build Jeppiaar Engineering College as an institution of academic excellence in technology and
management education, leading to become a world Jiaisersity.

MISSION OF INSTITUTION

To excel in teaching antkarning, research and innovationby promoting the principles of
scientific analysis and creative thinking.

To participate in the productiordevelopment, dissemination of knowledgeand interact with
national and international communities.

To equip students with ethicaalues, and life skillsthat wouldenrich their lives and enable them to
meaningfully contribute to therogress of the society.

To prepare students faigher studies andlifelong learning, enrich them with theractical and
entrepreneurial skills necessary to excel as future professionals and contributdad i ond s
economy.

PROGRAM OUTCOMES (POs)

Engineering knowledge Apply the knowledge of mathematics, science, engneering
fundamentalsandanengineeringpecializatiorio the solutionof complexengineeringproblems
Problem analysis ldentify, formulate, review researchliterature, and analyze complex
engineering problems reaching substantiated conclusions using first principles of
mathematics, naturalsciencesandengineeringsciences.

Design/development of solutions Design solutions for complex engineering problems
and designsystemcomponentsor processeghat meetthe specified needswith appropriate
corsiderationfor the public health and safety, and the cultural, societal, andenvironmental
considerations

Conduct investigations of complex problems. Use researctbased knowledge and
research methodsincluding designof experimentsanalysisand interpretation of data,and
synthesisof the informationto providevalid conclusions.

Modern tool usage Create, select, and apply appropriate techniques, resources,and
modern engineeringandIT tools including predictionand modelingto complexengineering
activitieswith an understandin@f thelimitations.

The engineer and society Apply reasoninginformed by the contextual knowledge to
assess societal, health, safety, legal and cultural issuesand the consequentesponsibilities
relevantto the professonalengineeringractice.

Environment and sustainability: Understandthe impact of the professionalengineering
solutions in societaland environmentalcontexts,and demonstratehe knowledge of, and
needfor sustainablelevelopment.

Ethics: Apply ethical principles and commit to professionalethics and responsibilitiesand
normsof theengineeringractice.

Individual and team work: Function effectively as an individual, and as a member or
leaderin diverseteamsandin multidisciplinarysettirgs.

Communication: Communicate effectively on complex engineering activities with the
engineering community andwith society at large, suchas, being ableto comprehend and
write effective reports anddesigndocumentationmakeeffective presentationsand give and
receiveclearinstructions.



11 Project management and finance: Demonstrateknowledge and understandingof the
engineeringand managemenprinciples and apply theseto o n ecdvs work, as a member
and leaderin ateam,to manageprojectsandin multidisciplinaryenvironments.

12 Life-long learning: Recognizethe needfor, and havethe preparationand ability to engage
in independenandlife-long learningin the broadestontextof technologicakthange.

The Departrant of Electrical and Electronics Engineering strives to be a Centre of Excellence in
education and technical research, in the endeavour of which the Department will continually update the

VISION OF THE DEPARTMENT

teaching methodologies, progress in the emerging technologiesoatidue to play a vital role in the
development of the society.

MISSION OF THE DEPARTMENT

M1

To develop the ability ttearn and work creatively that would enhance the ability of bott
students and faculty to doenovative research

M2

To create and maintairstateof-the artfacilities which providestudentsand facultywith
opportunities to analyse, apply adidseminate knowledgeglobally.

M3

To impart the knowledge in essential interdisciplinary fields which will enhance t
interpersonal skills, team work, professionaithics and make them work effectively for
their own benefit and thigetterment of the society

M4

Prepare students fdifelong learning of theoretical andpractical conceptsto face

intellectual,economicaland careechallenges.
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PEO 01

Strengthen the knowledge in Electrical and Electronics Engineering to enablevtnkn
for modern industries by promoting energy conservation and sustainability.

PEO 02

Enrich analytical, create and criticalogical reasoningskills to solve problems faced k
emerging domains of electrical and electronics engineering industries worldwide.

PEO 03 | spirit in mulidisciplinary projects with a broadethical, professional, economical ar

Develop effective communication and infegrsonal skills to work with enhanced te

socialperspective.

PEO 04

Prepare the students either to estaldisint ups or to pursuenigher educationat reputed
institutions.

PROGRAM SPECIFIC OUTCOME (PSOs)

PSO 1

Professional Skills:

Apply the knowledge of Mathematics, Science and Engineering to solve real time prob
the field of Power Electronics, Electrical Drives, Power Systems, Control Systems ali
Instrumentation.

PSO 2

Research and Innovation:

Analyze andsynthesize circuits by solving complex engineering problems to obtai
optimal solution using effective software tools and hardware prototypes in the fie
robotics and renewable energy systems.

PSO 3

Product development:
Develop concepts angroducts by applying ideas of electrical domain into other diversit
engineering domains.




EE8391ELECTROMAGNETIC THEORY LTPC
3104
OBJECTIVES:
1 Tointroduce the basic mathematical concepts related to electromagnetic vector fields
1 To impart knowledg on the concepts of electrostatics, electrical potential, energy density and their
applications.
1 To impart knowledge on the concepts of magnetostatics, magnetic flux density, scalar and vector
potential and its applications.
1 Toimpart knowledge onthecore pt s of Faradayés | aw, induced emf
1 To impart knowledge on the concepts of Concepts of electromagnetic waves and Pointing vector.

UNIT | ELECTROSTATICS i | 9

Sources and effects of electromagnetic fiéldSoordinate Systasi Vector fieldsi Gradient, Divergence, Cutl
theorems and applicationsC o u | o mb i6Hectric dield intensityi Field due to discrete and continuous charges
TGaussbds | aw and applications.

UNIT Il ELECTROSTATICS 1 1l 9

Electric potentiali Electric field and equipotential plots, Uniform and Ndniform field, Utilization factor
Electric field in free space, conductors, dielectriddielectric polarizatiori Dielectric strength- Electric field in
multiple dielectricsi Boundary conditionsP oi ssonds aequiitions, aQapacitaneed Energy density,
Applications.

UNIT Il MAGNETOSTATICS 9

Lorentz force, magnetic field intensity (H) BiotiSav ar t 6 AmpLearwe 6 s Cii H due tostraighta w
conductors, circular loop, infiniteheet of current, Magnetic flux density (BB in free spacesonductor,magnetic
materialsi Magnetization, Magnetic field in multiple mediaBoundaryconditions, scalar andector potential,
Poi ssonbs Equation, Ma g Eretgydensity, Applcatigns. Tor q u e, l nductance.
UNIT IV ELECTRODYNAMIC FIELDS 9

Magnetic Circuits F a r a d a y Dransfdrneemand motional EMF Displacement currenrtM a x w eelquatiss
(differential and integral formi) Relation between field theory and circuit thedrpplications.

UNIT V ELECTROMAGNETIC WAVES 9
Electromagnetic wave generation and equatibri&/ave parameters; velocity, intrinsic impedanpegpagation
constant Waves in free space, lossy and lossless dielectrics, condushtorslepth Poyrting vectori Plane wave
reflection and refractioin Standing Wavé Applications.

TOTAL : 45 PERIODS
OUTCOMES:
9 Ability to understand and apply basic science, circuit theory, Elestrgnetic field theory control theory
and apply them to electrical engereng problems.
TEXT BOOKS:
1. Mat hew N. 0. Sadi ku, OPrinciples of El ectromagnet.
India edition, 2009.
2. Ashutosh Pramani ki,Th&®BIregc tarnadmalrgpnpetiicsamh i ons 6, PHI Lea
Delhi, Second Editior2009.
3. K. A. Gangadhar , P. M. Ramanthan 6 Electromagnetic
propagationd, 16th Edition, Khanna Publications, 20
REFERENCES:

1. Joseph. A. Edmi ni ster, 6SchaumbsnO¢gSchaemdés 68Buektne
Tata McGraw Hill, 2010

2. Wil liam H. Hayt and John A. Buck, 6 EndiRevsedr i ng EI
edition, 2011.

3. Kraus and Fleish, O6Electromagnetics wi tftnEdkipnpl i cat i c
2010.

4. Bhag Singh Guru and Huseyin R. Hi ziroglu #AEl ectro
University Press; Second Revised Edition, 2009.
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Name ofthe Staff:

AIM: Ability to understand and apply basic science, circuit theory, Elestronetic fided theory control
theory and apply them to electrical engineering problems.

OBJECTIVES:

1 To introduce the basic mathematical concepts related to electromagnetic vector fields

1 To impart knowledge on the concepts of electrostatics, elecpridahtial, energy density and their
applications.

1 To impart knowledge on the concepts of magnetostatics, magnetic flux density, scalar and vector
potential and its applications.

T To i mpart knowledge on the conceptsequatibns Far adayobds

1 Toimpart knowledge on the concepts of Concepts of electromagnetic waves and Pointing vector.
COURSEOUTCOMES:

C Course Outcomes

C2 31 Understand the concepts of electromagnetic vector fields and various transformation techniqug

C23.2 Interpret the concepts of electrostatics, electrical potential, energy density and their application

C23.3 Apply the concepts of magneto statics, magnetic flux density, scalar and vector potential and i
applications.

C23.4 Understand the coepts of Faraday's law, induced emf and Maxwell's equations to analyze the
electrodynamics fields.

C235 Interpret the concepts of electromagnetic waves and Pointing vector.

M apping of CourseOutcomes(COs), Course(C),ProgramSpecifi cOutcomes (PSOs)with Program Outcomes.
(POs)i [Levds of corrdation:3 (High),2 (M edium), 1(L ow)]

Course | PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9 | PO10 | PO11 | PO12 | PSO1 | PSO2 | PSO3
C231

3 3 2 3 2 3 3 2
C232 3 3 3 3 1 2 3 3 3
Cc233 3 3 3 3 1 2 3 3 3
C234 3 3 3 3 1 2 3 3 3
C235 3 3 3 3 1 2 3 3 3




UNIT - ELECTROSTATICS i | Target Periods: 9
Book . .
CcoO Delivery|Delivery| Knowledge
SINo Contents Statement Rgg;%n&%& method | Periods Levd
g C2 31 [TB1: 319 R& U
1 | Sources and effects of electromagnetic field bC::r"g‘%PPT 1
] C23.1 . Chalk &
2 | Coordinate Systems TB1: 2946 board/ PPT| 1 R&U
Vector fields Gradient, Divergence, Ciur C23.1 tB1:6590  [Chak& R, U,An, A
3 . board / PPT 2
theorems and applications
o _ C2 3.1 [tB1: 106111 [Chak& R,U, An
4 | Coul o mb,Blectridfialdvintensity board / PPT 2
C2 3.1 [TB1: 113124 bCha"g ;&pm R, U, An
5 | Field due to discretend continuous charges oar 2
C2 3.1 TB1: 124134 (Chak & R, U A
6 [Gaussods |l aw and appl board /PPT 3
UNIT II ELECTROSTATICS 71 1 Target Periods:9
Book . :
CO Delivery|Delivery| Knowledge
SINo Contents Statement Repfggeenﬁl%& method| Hrs Levd
1 | Electric potential €232 irgriagsaaa C%E |1 [RU
C23.2 Chalk &
2 | Electric fiel imtential pl a |
ectric field and equiptential plots o1 688600 |poard/PP] 1 R. U, An
. . i L C23.2
3 Uniform and NonUniform field, Utilization Chalk &
factor, Electric field in free space, conductor TB1:170-175 [poard/PP] 2 R, U, A, An
Electric field in dielectricPielectric C23.2
4 | polarization Dielectric strengthElectric field i TB1: 179182 L ak& 2 | RUA An
P . .n . 9 ectric fie ) board / PP’ » Y Py
multiple dielectrics
C23.2
5 Boundary conditions, TB1: 190198 [Chalk &
equations, TB1: 209210 [Poard/PP] 1 | R U, A An
C23.2
. . - TB1: 148152 [Chalk &
6 ) |
Capacitance, Energy density, Applications 181 233 246 board/PP] 2 R.UA An
UNIT 1l MAGNETOSTATICS Target Periods: 9
Book . .
CO DeliveryDelivery| Knowledge
SINo Contents Statement ReFl:gBeen&%& method| Hrs Levd




Magnetic field intensity Chalk&
1 |(H),BiotiSavartos Law C233 | TBL:274 276 jhoarq/pp; 1 | RV
] ] C23.3 Chalk & R, U, A
2 | straight conductorsircular loop TB1:277-282 |poard/PP| 1
Amper eods (Hduetainfinite sheetf C2 3.3 Chalk &
3 : 1
of current TB1: 285 288 |pboard / PP R.U, A An
M tic flux densit Binf Cc233 ghal(lj ;&PP R,UAnA,
agnetic flux densi in free space, oar
4 9 y (8) P TBL: 293 294 1
conductor
Cc233 Chalk & R,U
: board / PP
5 . TB1: 296 298 1
scalar and vector potentjdlorentz force TBL- 319322
tic materials Magnetization, Magneti c233 ghalg;&PP RUA
magnetic materials Magnetization, Magnetid oar
6 |Mmadl , Viag 9 TB1:331 344 1
field in multiple media
Bound dit boi C23.3 ghalgfpp R, U, A, An
oundarycondi ti ons, 0 oar
7 Y . TB1: 344 353 1
Inductance, Applications.
C23.3 Chalk & R,U
. board / PP
8 | Energy density TB1:353 361 1
Cc233 Chalk& R,U
. board / PP
9 | Magnetic force, Torque TB1: 381- 382 1
UNIT IV ELECTRODYNAMIC FIELDS Target Peiods:9
Book Deliver|. .
SINo Contents Statcegent Reference & y De|_||'\r’§ry Knlc_’\g’\ll‘zdge
Page No method
. 261 Chalk & R, U
1 | Magnetic Circuits C2 34 | 1Bl 361368 board / 1
PPT
C234 Chalk & R,U
board /
2 | Faraday's laws TB1: 386 387 |PPT 1
C23.4 | TB1:388 391 [Chalk&
) board / R U
3 | Transformer and motional EMF PPT 2 '
C23.4 | TB1:397-399 [Chalk & RU
4 | Displacement current board / 2
PPT
b i C234 : Chalk & R, U, A A
5 Maxwe |l | 6 s equations ( TB1: 400 402 board | 5 U A An
form) PPT
6 | Relation between field theory and circuit thg C2 3.4 | TBL: 400 404 ghar”éf‘ . |RU
Applications. p?;aT
UNIT V ELECTROMAGNETIC WAVES Target Periods: 9




Book Deliver|~ ..
SINo Contents o axcé(r%ent Reference & vy De|_|||;/:ry an‘g\'/%dge
Page No | method
1 | Electromagnetic wave generation and equ TB1:430 432 [Chalk &
g g W 235 board/ | 2 |7 U AN
PPT
2 | Wave parameters; velocity, intrinsic C2 3.5 | TB1:436-437 [Chalk & , [R U An
impedance, propagation constant g%?rrd/
3 | Waves in free space, lossy and lossless C2 3.5 | TB1:436 445 [Chalk & ) R, U, A,
dielectrics, conductorskin deph g%?rrd/ An
4 | Poynting vector C2 3.5 | TB1:454 458 [Chalk & 1 R,UA,
board / An
S | Plane wave reflection and refractj@tanding | C2 3.5 | TB1:459 462 [Chalk & ) R, U, A,
Wave Applications. g%aTrd/ An
R- Remember, U- Understand, A- Apply, An- Analyze, E- Evaluate & C- Create.
Books. Text/Reference:
S.No Title of the Book Author Publisher Year
o . Mathew N. O. 4 th Edition ,Oxford University
1 [TB1 |Principles of Electromagnetics Sadiku Press IncFirst India edition 2009
Electromagnetisin Theory and | PHI Learning Private Limited
TB2 o . . | 2009
2 Applications Ashutosh Pramanil \ ., Dehi, Second Edition
- K.A. Gangadhar, | 16th Edition, Khanna
3 TB3 | Electromagnetic Field Theory P M. Ramanthan | Publications 2007
4 RBL{Schaumds Outline i?égg"nhi'nister I':;rd EditionTata - McGraw 2010
o . William H. Hayt | Tata McGraw Hill §' Revised
" 2011
5 |RB2 | Engineering Electromagnetics and John A. Buck| edition
. . o . McGraw Hill International
6 |RB3 | Electromagnetics with Agications Kraus and Fleish Editions, Fifthedition 2010
- RBa Electromagnetic field theory S:g?_ﬁslg?ne;ru Cambridge University Press; 2009
Fundamentals Hiziroglu YINR- | Second Revised Edition
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UNIT T I
ELECTROSTATICS i |

PART - A
1. Define scalar and vector.

Scalar:A guantity that is characterized only by magnitude is called a scalar.

Vector: A quantity that is characterized both by magnitude and direction is called a vector.
2. Define Scalar multiplication.

Scalar multiplication of two vectors is a scalar quantity whose magnitude is the product of the

magnitudes of the vectors multiplied by the cosifighe angle between them. It is referred as Dot
product A. B= ABcosd.

3. Define Vector multiplication.
The vector product of two vectors is defined as a vector whose magnitude isdbet mibthe
magnitudes of the two vectors and the sine of the angle between them. This multiplicateoh i€ress i

ProdAxtB&. ABsi nd

4. Show that the two vector§\=651X + ay -552 and §=3(51X + ay -52) are perpendicular to each
other. (Apr 15)

A=6a,+ ay 5aZ

B 3(a +ay-a,)

A.B=6x5i 2x5i 5x4 =0

\ VectorA and B are perpendlcular to each other
5. Show that the two vector& = 4ax-2 ay+2aZ and B=-6a,+3 ay -3a,are parallel to each other.
A=4a,-2 ay+2aZ ;B--6ax+3 ay-3aZ

o a a &
AxB= 4 -2 2
-6 3 -3

= 51(6-6)-_5y(-6+6) +a,(12-12) =0

\ Vectors A and B are parallel to each other.
6. Define Gradient.
The gradient of any scalar function is the maximum space rate of change fointian. If the

scalar V represents electric potentm/ represents potential gradient.

Vv —
bv= Ii H ay+ H az. This operation is called the gradient.
pz

Hy

7. Define divergence.
The divergence of a vector O6A6 at any point i

- . 1 ~ ’ -
unit volume as the volume enclosed by the surface shrinks tdbzArelLt, , — AA- ndsb.A =
v

“AX +PA L HAZ . This operation is called divgence. Divergence of a vector is a scalar quantity.
MXpy 2
8. Define Curl.
The curl of a vector O6A6 at a any point is def
a closed surface per unit volume as the volume shrinks to zero.



1~ ,—
b xA=Lt, , VﬂslnXAdS'

9. Show that the vectdr = 3y’za, + 4% a, +2 Xy? a, is solenoidal.

pH=( Ea+tay+ Y az ). @yza+ 482a,+2 ¥ya,)
ux uy bz

(3y z)+ (4x32 )+ (2xy?) =0+0+0=0;Hencél is solenoidal.
Uz

10. Find the Dot p)ducts of the vectors A and B if /2a, - 35.y +4a,, B=-a,+ 25y +2a,
A.B=A,B,+A,B,+A,B, = 2(-1)-3(2) +4(2) =0

11. Given A<day +8a, and B =-2ay +6a; find A . B
A.B = AxBx +AyBy +AzBz = 4¢2) + 8(6) =40

12. Write down the expression for conversion of Cartesian to Cylindrical system. (APR 15)
The Cartesian cordinates ( X, y, z) can be converted into Cylindricabcod i nat es ( r ,

Given Transform
X r=.x+y?
y oG ="@han
z z=2z
13. Write down the expression for conversion of Cylindrical to Cartesian system.
The Cylindricalceor di nates ( r 0 , z Yordinaes (xbyez).convert
Given Transform
r x= r cosd
a y = r sind
z z=12z
14. Write down the expression for conversion of Cartesian to Spherical system.
The Cartesian cordinates ( X, y, z ) can be converted into Sphericailcod i nates ( r , d
Given Transform

X r=JxX*+y’+7°
] z
y d =fos——)
,/x +y +2

z 0 =y n
15. Write down the expression for conversion of Spherical to Cartesian system.
The Sphericalcor di nates ( r , d , iéancdordinaes (xpyez).convert e
Given Transform
r X = rsind.cosd
d y = r sind.sin 0
a z = rcosd
16. Transform the Cartesian-oodinates x =2,y =1, z = 3 into sphericalardinates.
Given Transform

X=2 r=yX+y*+2° =J4+1+9 =3.74

Z 3
y=1 d =7 ) = cosl(—)=36.7°
:;x2+y2+z2 V14

z=3 v yHd ntan’(1/2) = 26.56
The spherical cordinates are (3.74, 36.7and 26.56).



17. Give the Cartesian@anr di nat es of a point whp®e cylindrical

Given Transform
r=1 X = r1r cosd = 1.cos45 = 0.707
u =%5 y = r sind = 1.sin45 = 0.707
z2=2 z=2=2

The Cartesian cordinates are (0.707, 0.707, 2)
18. Define Divergence theorem.

The volume integral of the divergence afvector field over a volume is equal to the surface
integral of the normal component of this vector over the surface bounding the volume.

N AARY = @Aﬁs

19. Define Stokebs Theor e m(Nov2013,201&017(May/June 14
The line integral of a vector around a closed path is equal to the surface integral of the normal
component of its equal to the integral of the normal component of its curl over any closed surface.

fH di = {DRHAS
S

20. Expess the value of differential volume in rectangular and cylindricakdimates systems.
For rectangular cordinate
dv = dxdydz
For cyclindrical ceordinate
dv = rdrdddz.
21. Write the expression for differential length in cylindrical and spHexgsardinates. (NOV 15)
For cylindrical ceordinates

dl = /(dr)? + (rdF)? + (d2)°
For spherical cardinates

dl = /(dr)? + (rdg)? + (r singdF )?
22. Define unit vector.
A unit vector in a given direction is a direction in that direction digidg its magnitude.

a=
"

23. Find the distance from A (1,2,3) tq&R0;1) in rectangular cordinates.

=06 - %)+ (V- ¥’ +(2- 2)° = (2- 1)7 +(0- 2 +(-1- 3
= J1+4+16 =21

24. What is the divergence of curl of a vector?
bbxH =0
DxDxA =

DxDxA=D DA- D °A

25. What is the physical significance of divergencéSof?
The divergence of the vector flux densiy is the outflow from a small closed surface per unit

ﬁD.ds
Dv

volume as the volume shrinks to zeroP.D = DI7T0

26. Express the divergence of a vector in the three system of orthogeaadiration.



ppo HBX, By 1Bz
Moy pz
For cylindrical ceordinate systen1D.B=l W(rBr) +EHBF + HBz
row ru oz

1 ( U(r%singBr) L 1H(rsingBg) , prBF )
o risingt wroug WP
27. Show that the two vectorA=6a, +a,- 5a, and B=3(a, -a,+a, ) are perpendicular to each
o_ther_. (APR15)

A . B =(6x3) + (1x3) + (-5x-3)=183-15 =0.
28. Given two vectors P=3i+5j+2k and Q=4i#3k.Determine the angular separation between
them.(November 2101,2016

P. Q= 1PI 8Ql I Pcosd6. P64 0. 24@9, =6.38508, 9€o0

For re¢angular ceordinate system,

For spherical caordinate systenb).B=

29. What is the physical significance of curl of a vector field? (Nov 2011)

The curl of a vector is an axial vector whose magnitude is the maximum circulatiopesfuhit
area as the area tends to zero and whose direction is the direction normal direction of the area when the
area 9is oriented to make the circulation maximum.

30. Two vector quantities A=4i+3j+5k and @2ji2k.are oriented in two different diregtis. Determine
the angular separation between them. (May 2012,Nov 16)
AB=IALLIBI Cosd
U = CYAsB/(IALIBI)]=67.84°.

31. State the condition for the vector to be solenoidal and irrotational. (Nov 2012)
A.B=0 and AX B=0
32. What are the different souscef Electromagnetic fields? (May 2012)(Nov 2011,2017)

Electtomagnetic fields are present everywhere in our environment but are invisible to the human
eye. Electric fields are produced by the local buitdof electric charges in the atmosphere associated
with thunderstorms. The earth's magnetic field causes a ssmpeedle to orient in a NorBouth
direction and is used by birds and fish for navigation.

33. Two vector quantities A= 4i +3j + 5k and B<=2ji-2k are known to be oriented in two unique

directions.Determine the angle of separation between them. (Nov 2012)
A.B=1 Al .1 Bl Cosd
d = C-d[A.B/(IALIBI)]=67.84

34. How are the unit vectors defined in cylindricalardinate systems? (Nov 2013)

A vector A in cylindrical coordinates can be written as
(Ap, A¢q Az)or Apa.a + z‘l¢.ﬂ¢, + Azﬂ:,

where @ a,andaareu ni t v e c tnocands diiections. h e}

35. Define electric flux and electric flux density.
Electric flux: The lines of electric force are known as electric flux. It is denoted by

¢ = Q (charge) Coulomb.
Electric flux density: Electric flux density or displacement density is defined as the electric flux per

unit area. D = Q/A

36. State Gaussodos | aw.

The electric flux passing through any closed surface is equal to the total charge enclosed by that
surface.c =Q



37. State the point form of Gaussds | aw.
The divergence of electric flux density is equal to the volume charge déhBhty} .
38. State Coul ombdés | aw.
Coul ombés | aw states that the force between tv
distance compared to their size is proportional to the charge on each object and inversely proportional to
the square of the datce between thefra Q,Q.

1
Farr—2
1Q2 1Q2—
FanZQ:QQa12 Newton.
r 4p &
39. Name a few application of GaussOofovi2@l® i n el ec
Gaussbds | aw is applied to determine the electr

field can be determined for shell, two concentric shell or cylinders, etc.
40.Define electric field intensity or electric field.
Electric fieldintensity is defined as the electric force per unit positive charge. It is denoted by E.

F Q

E=— =——V/m.
Q 4p¥
41.What is the relation between intensity of electric fidcand electric flux derity D in free space?
D=UE ?*Where Wi/Pemmittivity of the mediumU FJ O

42. What is the electric field intendyingonth@z=0 a di st
plane. in vacuum? (Nov14) (Nov 15)

r 20x10°®
E=—a, =L_12 a =1.12x 106a, Vim.

2e, 2x8.854x10

43. Points P and Q are located at (0,2,4) a®d ,6). Calculate the distance vector from P tgNgD14)
RqurG I rD = (_31115)| (01214) = (31_1!1)
44.What are the practical applications of electromagnetic fields? (Nov 15)

PART -B
1. Explain the method of converting a vector from Spherical to Cartesian sydt@#31
2. Explain the method of converting a vector from Cartesian to Cylindyséem.T1 2431
Transform the vector A=3j-4k at p(x=2, y=3, z8) to Cylindrical SystemNov 16)
3. What are the sources and effects of electromagnetic figlti$12516
(Nov 2011,2017)

4. Explain the different coordinate systems used to represent field vadt@431 (Nov
2011)
5. State and prove Divgence theoremT2 822 (Nov 2011, 2012,2016) (May 2012)

6. State and pr7@82 St ok @NO6v011,20€7pr e m.

7) If G(r) = 106 ), +a,) , determine the flux of G out of the
Confirm the result using the divergence theorem.

8. Write short notes on the following (i) Gradient (ii) Divergence (iii) Curl and (iv) Strokes theorem.

T2 822 (Nov 16)
9. Obtain the curl in the spherical co ordinate system. 13124 (Nov 2016, Nov
2013)

10.Transform 4gi 2,1 43, at (2,3,5) to cylindrical co ordinates.
11. Derive the expression for electric field intensity due to unifoshbrged circulad i s ¢ &.fT1 & ¢/ m
31-50(Nov 16)



12. Find the force on a charge Q1 of 20 uC at (0.1.2) m due to Q2 of 300 uC at (2,0Nwm16)
13.Given that A=30&a - 2z g in cylindrical coordinates, evaluate both sides of divergence theorem for

the volume erlosed by r=2,z=0 and z=5. (Nov 16)
14. State and prove Gauss law TBS5 (Apr 1517)
Obtain the expression for electric field intensi
(Apr 15,17)
UNIT 11l
ELECTROSTATICS -l
PART - A

1. What is a point charge?

Point charge is one whose maximum dimension is very small in comparison with any other length
2. What do you understand by linear, surface and volume charge densities?
Linear Charge density: It is tleharge per unit length (Col / m) at a point on the line of charge.

DQ

hir=Lty. O(H)
Surface charge density: It is the charge per surface ared) @/apoint on the surface of the charge.

1 Lt o(PR)

Ds

Volume charge density: It is the charge per volume {Cata point on the volume of the charge.

Jv=Ltp, o (§)

Dv

3. Define potential and potential difference. (Nov 2012) (My2012) (Nov 2013)
Potential: Potential at any point as the work done in moving a unit positive charge from infinity to that

point in an electric field = Q Volts.

p e
Potential Difference: Potential difference is defined as the worle in moving a unit positive charge
o . 1 1
from one point in an electric fleld..V=Q—( — - —) Volts.
pe ry, Iy

4. Give the relationship between potential gradient and electric field.

E=-BVE=-( La+Pay+Haz)v

HX Hy Mz
5. Find the electric potential at a point (4 , 3) m due to a charge®t 16cated at the origin in free
space.

v=—2 r=v4+3F =5mV= = 1.8V
4p er 4px8.854x10- 12x(5)
6. What is the physical significance of div D?
b.D =}, The divergence of a vector flux density is electric flux per unit volume leaving a small

volume. This is equal to the volume charge density.
7. Write the Poissonds equation and Laplace equat

Poisson equatioB? =-} / U

where JiVol ume charge density D Uaplécam operatar.i vi ty of t he
A A/ :

“_2+I-12V+“_2:-4/U

X® pY? Wz

10- 9




Laplace equatio®?/ =0; u—2\£+ ”2\/2 +g=0
¢y
8. Represent in unit vector along a veckr6a, +8a,
. — R _6a +8a, -
Unit Vector a, =-— = —= =0.6a, +0.8
" ‘R‘ J36+64 B
99A uniform | ine c¢har g=20nc/milimes alongithe e axis. FindeExat (@8Bjm. , wi
|r| =\J6°+8+3 =436+64+9 =109
-9
E ) & =0 20)4012 = 34.48V/m
2px8.854x10 ~“x~+/109

10. State the condition for the vectgr to solenoid.
The vector F is said to be irrotational dxF =0

11. Define dipole and dipole moment.

Dipole or electric dipole is nothing but two equal and @ijegpoint charges are separated by a very small
distance. The product of electric charge and distance ( spacing) is known as dipole moment. It is denoted
by m where Q is the charge and | is the length (m)I=Q/m

12. Define capacitor.
A capacitor isan device which consists of two conductors are separated by a dielectric medium.

13. Define Capacitance.
The capacitance of two conducting planes is defined as the ratio of magnitude of charge on either of the

Q

conductor to the potential difference betweenductors. It is given byg = \7 Farad.

14. Determine the capacitance of a parallel plate capacitor with two metal plates of size 30cm x 30cm
separated by 5mm in air medium.
Given data: A = 0.3 X0.3 = 0.09nd=5 x 10°m.

A . _ 0.09X8.854X10*

(}-8.854 x 16;C=— = 15.9Nf
2 5X10°*

15. Express the value of capacitance for-axial cable.
C=2'0 Eer ; Where bi outer radius:.a& inner radius.

In—

a
16. Write the expreson for the energy density in electro static field.
DV _ Lo 1pE gt
Dv 2 2

17. Find the energy stored in a parallel plate capacitor of 0.5m by 1m has a separation of 2cm and a
voltage difference of 10MNOV 15)

.854x10 **x0.
c:o@ _8.854x10 2x05>a
d 2x10
Energy stored in a capacitor E=1/2 CV¥ =1/2 X 2.2135 X 18° X10* =1.10675 X 10Joules.

18. Write down the expression for the capacitance between taxiaiocylinders.

=2.2135x10°F




o Pe

d
In—
a

19. State the boundary conditions at the interface between two perfect dielectrics.

a) The tangential component of electric field E is continuous at the surface. Thas itheEsame just
outside the surface as it is just inside the surface.E»

b) The normal component of electric flux density is continuous if there is no surface charge density.
Otherwise D is discontinuous by an amount equal to the surface chagig.deD,; = Dy,

Where di distance between two transmission lines radius of cylinders.

20. A parallel plate capacitor has a charge 681D on each plate while the potential difference between
the plates is 1000V.Calaculate the value of capacitance. (Nov 2012) (May2012)

. Q 10°
Givendata, Q =138C,Vv=1000vV,C=—==——= 1¢ F.
v 10
21. State point form of ohmdéds | aw.
Point form of Ohmés | aw states that the field st
densityJa E; J = Whéte @ i s con cdematefiak i ty of t

22. What is meant by conduction current?

Conduction current is nothing but the current flows through the conductor. Conduction current density is
given by Jci = GE Amp / m

23. What is meant by Displacement current density?

Displacement currens nothing but the current flows through the Capacitor.

D
Displacement current density is given lachu—t Amp / nt
i

24. Define polarization in dielectric material.
nDv

Polarization is defined as dipole moment per unit volume. Rz Iata ar
i=1
25. What is meant by conservative property of Electric field? (Nov 2011)
The line integral of electric field along a closed path is zero. Physically this implies that no net work is
done in noving a charge along a closed path in an electrostatic field. Thus an electrostatic field is said to
have conservative property .
26. Give the significant physical di fference betw
(Nov 2011,2014,2016)

Poisson equatio@?/ =-} / U
Where} i Vol ume ¢ h a ridPermittvityrosthie mgdjumflf - Laplacian operator.

“_2\£+H2\/ +@:_4 / LOJ

X uy? oz

Laplace equatio®?/ =0 ;g+ v +g=0
IX® py?  uz

The Laplace equation is defined only for the region which is free of charges.

27. State the properties of electric flux lines.(N/D14)

(i) It must be independent of the medium.

(i) Its magnitude solelgepends upon the charge from which it originates,

(iif) If a point charge is enclosed in an imaginary sphere of radius R, the electric flux must pass
perpendicularly and uniformly through the surface of the sphere and

(iv) The electric flux density, thiéux per unit area is then inversely proportional fo R

28. Find the capacitance of an isolated spherical shell of radius (Nov 16)



29. Find the magnitude of D for a,=825e(Nevd@r i c mat e

30. What is the practical significance of Lorentz force. (Apr 15)
31. Find the electric field intensity in free space if D= 3G/a’
32. Obtain the electric potential due to electric dipole (Nov 16)
33. Whatis a conservative field (Nov 17)
PART T B
1. Derive an expression for Electric fielstensity due to a line charge which has a uniform linear charge
d e n s i tCym. Aisb extend it to a conductor of infinite lengfi2 81-110 (Nov 16)
2. State and explain the applications of Gauss 0@b568
3. Derive the expression for the elecfric el d i ntensity at a point P whioc

the disc along its axis. The di sa@nT®8ld0arged uni f
4. Planes X=2 and Y3 respectively carries charges 10 n€4nd 15 nC/mlf the line X=0,Z=2 carries
charge 10 °~ n C/-Ddue©allthe thte@achaege @istributiony. 1, 1,
5. Derive the expression for energy and energy density sidtie electric field.

(May-2012)(Nov 2013)
6. Deduce an expression for the capacitance garallel plate capacitor with two dielectrics of relative
per mi t and@irespectitely interposed between the plate$3 157168 (Nov2013,17)
(Apr 15)
7. State and expl aiTh35Wo u(NowBMI) s | aw of force.
8. Derive the electrostatic boundary conditions at the interface between two dielectrics and a conductor to
dielectric mediumT1 5965 (Nov2011,12,13,7)
9. Two extensive homogeneous i sot f=6gud cf odri,=8AAG&0c,t & i ¢
uniform electric field E1 = 582a+33 KV/ m exi st s f or z00. Fi négnd&) E2 f o
make with interference. c)The Energy densities ifdyrthe energy within a cube of side 2m centered at
(3,4:5).
10. Derive the exprsmn for energy stored and energy dendiyy157168
(Nov 2012)
11.a) Find the potential g{¥5 m with respect tosr15m due to point charge Q =500pC at the origin and
zero reference at infinity. (Nov 2016)

b) Find the capacitae of parallel plate capacitor with dielecttjg=1.5 and (L=3.5 each occupy one
half of the space between the plates of areaam d=1Gm (Nov 2016)
12. a) In spherical coordinates V25V on a conductor at r=2cm and V=150V at r=35cm. the space
between the conductor igdélectric of(=3.12. Find the surface charge densities on the conductor
(Nov 2016)

13. Explain the polarization and thus obtain electric field intensity and potential of a dipole. -T84149
(Apr 15)

UNIT 7 1l
MAGNETOSTATICS

PART - A
1. Define magnetic flux .
Magnetic flux is defined as the flux passing through any area. Its unit is Weber .

F = ﬁB.da Weber. /

2. Define magnetic flux density.



Magnetic flux density is defined as the magnetic flux density passing per uaitl@reinit is

Weber / meter or Tesla. B=E B=¢H

A
3. Define magnetic Gaussbds Law.

The total magnetic flux passing thorough any closed surface is equal tqjeta = 0
a
4. State BiotSavart law. (Apr 17)
It states that the magnetic flux density at any point due to cutement is proportional to the
current element and sine of the angle between the elemental length and the line joining and inversely
. . Idl sin
proportional to the square of the distance between tran= %
o
5. Give the force on a current element.
The force on a current element Idl is given by
dF=I1xBdl =Bldls nd Newt on.
6. State the Lorentz force equation. (Nov 2013)
The force on a moving particle due to combined electric and magnetic field is given by

F=QI [E +VxBJ.This force is called Lorentz force.

7. State Amperebs circuital | aw. (Mayl4)(Nov 16)
Ampereds circuital | aw states that the |ine

path is exactly equal to the direct current enclosed by the path.

fH.dl =1
8. What is field due to toroid and soted?
. NI . I
a) Toroid H =—— b) SolenoidH =—
20 I
9. Write down the expression for magnetic field at the centre of the circular coil?

I
H=—
2a
10. Define scalar magnetic potential.
It is defined as dead quidly whose negative gradient gives the magnitude intensity if there is no

current source present.
=- Nm
where Vm is the magnetic scalar potential.

vV, =-Hdl
11. Define magnetic vector potential. (Apr 17)
It is defined as that quantity whose curl gives the magnetic flux density.
B =D x A; where A is the magnetic vector potential.

m . JL
A=—Rn rpr‘ Web/ m
4,00 |

12. Distinguish between diamagnetic, paramagnetic and ferromagnetic materials

Diamagnetic: In diamagnetic materials magnetization is opposed to the applied field. It has magnetic
field.

Paramagnetic: In paramagnetic materials magnetization is in the sane direction as the field. It has weak
magnetic field. Ferromagnetic: In Ferrorgaetic materials is in the same direction as the field. It has
strong magnetic field.



13. A solenoid with a radius of 2cm is wound with 20 turns per cm length and carries 10mA. Find H at
the centre if the total length is10cm.
Given data,
N=nl = 20 x 10= 200 turns.

NI
=10 X 10°m; 1=10x 10°A; H =|—= 20AT/m.

14. Define mechanical moment.
The tangential force multiplied by the radial distance at which it act is called Torque or
mechanical moment on the loop.
15. Define magnetic oment.
The magnetic moment is defined as the maximum torque on loop per unit magnetic induction (
Flux density ). m=IA; where A is Area.
16.Give the force on a current element.
The force on a current element Idl is given by
dF=IxBdl=BI dI si nd
17.Give torque on closed circuits.
The torque on closed circuit in a magnetic field is
T=BI A cosd=T=mBcosd
where m is magnetic moment
In vector form T=m x B
18. Give torque on a solenoid.
Torque on a solenoid in a magnetic field is
n

T=§. 2IAB =nBIA =mB Where m=nlA.
19. Give four similarities between Electrostatic field and Magnetic field.(N/D14)
Electrostatic field Magnetic field
Electric field intensity E ( volts/m ) Magnetic field intensity H ( Amp/m)
Electric flux densit/lMagnetic flux densi-t
Enegy stored is 1/2C¥ Energy stored is 1/2EI
Charges are rest Charges are in motion

20. Determine the force per unit length between two long parallel wires separated by 5Sicranith a
carrying currents 40A in the same direction.

U 40X402 x4px10 " =6.4 x 10° N/m.
2px5x10

21. Define magnetic dipole.

A small bar magnet with pole strength, @d length | may be treated as magnetic dipole ehos
magnetic moment is £
22. Define Magnetization.

Magnetization is defined as the ratio of magnetic dipole moment to unit volume.
M= Magntlcdlpole:Qma Alm

Volume A
23.Define magnetic susceptibility.

Magnetic susceptibility is dimed as the ratio of magnetization to the magnetic field intensity. It
is dimensionless quantity.

M
C,,=—

H
24 What is the relation between relative permeability and susceptibility?
m =1+ c, Where  m is rdative permeability; ¢, is susceptibility

Force / length




25. What are the different types of magnetic materials?
The magnetic materials can be classified into three groups according to their behavior. They are
diamagnetic, paramagnetic and fenagnetic materials.
26. Write down the magnetic boundary conditions. (Nov 2013)
1. The tangential component of magnetic field intensity is continuous across the boundary.
Hy = H 2. The normal component of magnetic flux density is continuousstne boundary.Br By,
27. Define self inductance. (APR 15)
The self induction of a coil is defined as the ratio of total magnetic flux linkage in the circuit to

. NF . . . e
the current through the coil (L) =— WhereF is magnetic flux; N is number of turns of cailjs the
|

current.
28.Define mutual inductance. (APR 15)
The mutual inductance between two coils is defined as the ratio of induced magnetic flux linkage
. : . : N, F . . . .
in one coil to the current throhdn other coil(M) =—2—2 ;Where N is number of turns in coil &, is

Il
magnetic flux links in coil 2 and is the current through coil 1.
29. Define ceefficient coupling.
The fraction of the total flux produced bye coil linking the second coil is called theafficient

of coupling (K)K = %z%; WhereF | is the flux produced by coil E ,, is flux links coil 2;K¢ 1;
1 2

M

JoL

30. What will be effective inductance, if two inductors are connected in (a) series and (b) parallel?
(a) For seriesL =1+ L, ° 2M + sign for aiding

2
(b)For Parallel L - Lb-M"
L+L,° 2M

- sign for opposition

31. Give the expression for inductance of a solenoid.

2
I_:/73NA

; Where N is number of turns; A is area of cresstion; | is length of solenoidy is free

space permeability.

32.Give the expressidor inductance of a toroid.

L= mN?A _ mN?r?
2R 2R

free space permeability.
33. Give the expression for inductance per wmigth of a ceaxial transmission line.

-

;where N is number of turns; r is radius of the coil; R is radius of toraigl ; is

ab g : . . : .
Inge—g H/m. Where ais the radius of inner conductor; b is the radius of outer conductor.
ca~
34.Distinguish between solenoid and toroid.
Solenoid: Solenoid is a cylindrically shaped coil consgstif a large number of closely spaced turns of
insulated wire wound usually on a nibmagnetic frame.
Toroid: If a long, slender solenoid is bent into the form of a ring and thereby closed on itself, it becomes
toroid.
35. What is the mutual inductanckteo inductively tightly coupled coils with self inductance of 25mH
and 100mH. (NOV 15)



Ly = 25mH, L, = 100mH, M=K,/LL, =+/25X100 =50mH

36.Define magnetostatic energy density. (Nov 2011)
It is defined as theatio of magnetic energy per unit volume.
37.State the law of conservation of magnetic flux. (Nov 2011)

An isolated magnetic charge does not exist. Thus the total flux through a closed surface is zero.
N Bfgs = O.This is called as lawf@onservation of magnetic flux.

38. State Ohmés | aw for magneti c c(Nova0la, N/B14)
Sum of Magnetic motive force (mmf) in a closed path is zero.

39. Write the expression for the H at the centre of a circular coil carrying a current of | Amps.
H=NI/2a; where N is number of turns: a is the radius of the coil;

40. State Lorentz Law of force. (May 2012JNOV 15)
When a current carrying conductor is placed in a magnetic field, it experiences a force given by
JdF=IxBdl=Bldisif Newt on.

41. State the boundary condition at the interface between two magnetic materials of different
permeability. (May 2012)

Ht1=Ht2, Bnl=Bn2

Ht1,Ht2 are the tangential magnetic field in region 1 and 2 respectively.

Bn1,Bn2 arehe normal magnetic flux density in region 1 and 2 respectively.

42. Write the expression for the inductance per unit length of a long solenoid of N turns and having a
|l ength 6LO6 meter carrying a current of | amperes.

NI
H=" [Casy, - Cosy]

43. Determine the value of magnetic field intensity at the centre of a circular loop carrying a current of

10A. The radius of the loop is 2m. (N/D14)
== 22 —25A/m
2a 2x2

44, Distinguish between magnetic scalar potential and magnetic vector potetDiadN

Sl.no| magnetic scalar potential magnetic vector potential

1 It is defined as dead quantity whose negal It is defined as that quantity whose ¢
gradient gives the magnetic intensity if there is| gives the magnetic fluxeshsity
current source present

2 H=- & B =bxA

45. A conductor 4m long lies along theyis with the current of 10 A in ay direction, if the field is
B=0.05 a tesla calculate the force on the conductor (Nov 16)

46. Find the force of interaction between two charges #4t@l 6*10° spaced 10 cm apart in kerosene
(£R) (Apr 15)

46. Find the maximum torque on an 100 turns rectangular coil of 0.2m by 0.3m carrying current of 2A in
the field of flux density 5 Web /

PART-B
1. Derive an expression for the magndtel d i nt ensity at a point P in a
to an infinitely |l ong current carryTlB878 conductor



(Nov 2011,12,158) (Apr 17)
2A solenoid of Il engthtardhsanmd wadieusaargomgi at suo
33A circular |l oop of radius 6 } 06g.Fimdtheemagneticfreldr r i es
intensity at (0,0,h) due to the circular lodj2 216239
4. Derive an expression for self mductamf a coaxial cable of inner radius a and outer radius b.

. If a magnetic vector potential A‘+y7+2 then find flux density. (Nov 2011)

6. What is magnetization? Explain the classification of magnetic materials with exafig€st412

(Nov 2011)
7. Derive the magnetostatic boundary conditioi®2 281283
(Apr 15,17)
8. Derive an expression for force on a current carrying element and force between two current carrying
elementT1 400404 (Nov2013,Apr 17)

9.DeriveBiotsavart s Law and Ampereds Law fTL818 concept
(Nov 2012 & 2013) (May2012)
10. Explain the classification of magnetic materials with Exanfile404412
11. a) Deterime H for a solid cylindrical conductor of radius a, where the current | is uniformly
distributed over the cross section. T2 210239
b) Calculate the inductance of a ring shaped coil of mean diameter 20 cm wound on a wooden core 2
cm diameter antaining 200 turns. (Nov 16)
12. Obtain the expression for inductance and torque on a long solenoid coil'1 8996
(Apr 15)

UNIT 7 IV
ELECTRO DYNAMIC FIELDS

PART - A
1.St ate Faradayds | aw of (nhawll@ctromagnetic induction
Faradayo6s | aw states that electromagnetic forc

F
of magnetic flux linking the circuit. emf%T

2. Define mmf.
Magnetic motive force (mmf) is given by mmf = flux x reluctance

mmf A Amp.turns.

3. Define reluctance.
Reluctance is the ratio of mmf of magnetic circuit to the flux through it.

. mmf p I

A =— It is also written asA = — ;Where | is the length, A is the area of crasse ¢t i o n, e i
flux(F) nA

permeability

4.In a solenoid with an inductance of 5mH current is increasing at the rate of 100A/sec. What is the value
of induced emf?

i
emf =L% =5x10°x100=0.5V.

5. Give the expression for lifting force of an electro magnet.
2

2m

permeability of fee space.

F=

;Where B is flux density, A is area of air gap between the poles of the magne,



6. What is the expression for energy stored in magnetic field?

1 . . .
W = E LI2:Where L is the inductance , | is the current.

7.What is energy density in the magnetic field?

Energy density (w) % BH Z%I’IH 2

8. Write down the general, integral and point form
drF
emfv=- o (General) fEdl = - ﬁ%%js (Integral )
PCE =- E ( Point form))
9. Distinguish between trarmfmer emf and motional emf. (Nov 2013) (APR 15,17)
The emf induced in a stationary conductor due to the change in flux linked with it, is called
transformer emf or static induced emf. emfj I”E..ds eg. Transfomer.
The emf induced due to the movement of conductor in a magnetic field is called motional emf or dynamic
induced emf. emf = fyCB.dI eg. Generator
Cc
10. State Lenzbs | aw.
Lenzds | aw states that t haearrentiiah oppabe tlerofangein a c i

. . dF
magnetic flux producing it.emf =——

11. State Dot rule.

If both the currents enter dotted ends of coupled coils or if the both currents enter undotted ends,
then the sign on the M will be same asdlgn on the L.If one current enters a dotted end and the other an
undotted end , the sign on the M will be opposite to the sign on the L.
12.Mention four similarities between electric circuit and magnetic circuit. (N/D14)

Electric circuit Magnetic circuit
1. emf (volts) mmf ( Amp-turns )
. mmf
2 current = emf magnetic flux =————
' resistance reluctance
. rl A -
3.resistance R =— ReluctanceA = ey
1 1
4.Conductance G =FE Permence P =AT

13.A region in free space has a magnetic field intensity of B weMnat is the energy stored per o
space?
: 1 B? : . - :
Energy density = Energy per volume2—=— Joules / iw h e ri és the permeability of the edium.
m

14. Write down the Maxwell ds equation in integral
From Ampereds Law

=+

@%imo

ﬁ-|.d|=ﬁ 8:15, From Faraﬂ%.@l@-sﬁ%dsw
S - S
aw

From El ectric Gausso6s L



ﬁ[ﬁiSZﬁWv, From MagnetﬁBﬁsG@ussGs Law
S \" S

15. Write down the Maxwell ds equation in point for
From Ampereds Law

DCH:J+%, Fr om Faraﬂ)@@:@sl’:tTBLaw

From ElectricbD®xussos Law,

From Magnetic bBaFldssods Law
16. What is meant by Displacement current ? (Nov 2013)
Displacement current is nothing but the current flows through the Capacitor.lc=C dV/dt.

17. State Ampereds circuital |l aw. Must the path o
Theintegral of the tangential component of the magnetic field strength around a closed path is
equal to the current enclosed by the pﬁl‘l.dl =1|.The path of integration must be enclosed one. It

must be any shape and it need not be circularealo

18. Write the fundament al postul ate for electr oma
Law.
A changing magnetic flux (4) through a closed

. dF . . e
as given byv =- E where he voltage is the integral of the electric field E around the loop.For
uni form magnetic field O = B.A where B is the
Ioop.v=ﬁ.dl=-ﬁ%%ds.Thi s is Faradayos | aw. & tlectsctfield e s t h e

around a stationary loop equals the surface integral of the time rate of change of the magnetic flux density
B integrated over the loop area.

19. Explain the significance of displasé current

The displacement currery through a specified surface is obtained by integration of the normal

E
component of Jover the surface.p = fy,.ds =n4£.ds =euﬁds
S S

This is a current which directlyagses through the capacitor.

Maxwel |l 6s equation

bxH =J. +J,
_ VE oo HD
= sE+ e— (Differential form)., {H.dl =J+-—)ds (Integral form))
I‘“E C S p:t
20.Find the total current in a circular conductor of radius 4mm if the currentydeases according to J
1
= EA/ m?.
r
104 2/7 O'OOiO‘l 2p 0.004
Solution =——A/m?, Current | =fy.ds = fj fj——rdrdF =10 ff| dF =10"x0.004 x
r F=0 r=0 F=00

[FIZ = 8o .
21. Write down the Maxwell 6s equations in point p



PxH=J+jub =(s + jwéE
PxE=- juB=- jwm
bD=r
bB=0
22. Explain whyb.B =0
P.B =0 states that #re is no magnetic charges. The net magnetic flux emerging through any
closed surface is zero.

23. Explain whybxE = 0.
In a region in which there is no time changing magnetic flux, the voltage around the loop would

be zero. B yJatitMli)@Ev:e-lEE@Os(irroeaqonal).

24. Explain whyb.D =07
In a free space there is no charge enclosed by the medium . The volume charge density is zero.
By Maxwel | BD=egQ@ati on

25. Compare the rdian between Circuit theory and Field theory.(N/D14)

Circuit Theory Field Theory
1. This analysis originated by its own. Evolved from Transmission theory.
2. Applicable only for portion of RF range. | Beyond RF range ( Microwave )
3. The dependent and iglgendent paramete| Not directly , through E and H.
I, V are directly obtained for the given circuit
4. Parameters of medium are not involved. | Parameter of medium ( permittivity ar
permeability) are involved in the analysis.

5. Laplace Transform isnvgployed. Maxwel |l 6s equation i
6. Z, Y, and H parameters are used . S parameter is used.
7. Low power is involved. Relatively high power is involved.
8. Simple to understand. Needs visualization ability
9. Two dimensional analysis Threei dimensional analysis
10.Frequency is used as reference. Wave length is used as reference
11. Lumped components are involved Distributed components are involved.
26. Find the emf induced in a circuit having an i
rate of 5000A/sec. (Nov 2011)
E=L di/ dt = 700 e€H X 5000A/sec.=3.5 volts
27.Distinguish between conduction and displacement current. (Nov 2011)
Conduction current. Displacement current
Conduction current is nothing but th Displacement current is nothing but t
current flows through the conductor. current flows through the Capacitor.
|c ukE. |d: :an_E.ds
s Mt

28. A conductor of 1m length is moved with a velocity of 100m/sec. Perpendicular to a field of 1 tesla.
What is the value of emf induced? (Nov 2012Apr 17)
EinquceulB, where u=100m/sec, I=1m, B=1 tesla, Therefatg EF100x1x1 =100V

29. What is the sigficance of displacement current? (Nov 2012)



The displacement currers through a specified surface is obtained by integration of the normal
component of gover the surface.

ID = ﬁJDdS
S
=”“D.ds
S
|D=9Eds
Mt

This is a current which directly passes through the capacitor.

30.A loop is rotating about the Y axix in a magnetic field BssiBwt i web/mi. What is the type the
voltage induced in the loop? (May 2012)

Motional or Generator efris induced in the conductor as the conductor position varies with
respect to time.

31.Write the expression for total current density? (May 2012)
J:Jc +J D
Jcis conduction current density, i displacement current density.

32. Moist soil has anductivity of 10° s / m &h5] detdrmine the displacement current density if

E=6*10%sin (9*10)t (NOV 16)
PART 1 B

1. Explain a) Transformer emf b) Generator e 306313

2. Derive an epression for displacement current densit®.313317 (Apr 15)

3. StateMaxwel | 6 s e g u a andiategraliform fdv cohdhcting médiurn and free spacke

112115 (Nov 16) (Apr 15,17)
4. State the boundary conditions of time varying fieldshat ibterface between two dielectric media
between a dielectric medium and a perfect metal.
5. Briefly explain the similarities between electric circuit and magnetic circuit.
6. State and derive the tinidhar moni ¢ Maxwel | 6s e quldorm. 8hysarei n poi
Maxwel | 6s equation not Tldm2plset el y (NevR0hi&eQ@18)i cal ?
7. By meas of simple RLC series circuiExplain the relationship between the field theory and circuit
theory. Also explain the limitations of the circuit theof2 317321 (Nov 2011)(Apr 15,17)
8. a) Explain the concept of emf induction in static and time varying magneticT2l806313

b) In a material for whicli 5 . 0 s /& withrEd2508in 18t (v/m).Find J and J and also the
frequency at which they equal magnitudes. (Nov 16)
9. A circular loop conductor having radius of 0.15 m is placed-jnptane. This loop consists of a
resistance of 20 ohm. the magnetic flux density is B=0.5 sifa0Tesla. find thecurrent through the
loop. (Apr 17)

10Problem



The electric field and magnetic field in free space are given by

5

A
E = cos (10° + 8z2) a, V/m
il

Hr-. f
H = 0 cos (1071 + Bz)a, A/m

Express these in phasor form and determine the constants H, and 3 such that the fields

satisfy Maxwell's equations.

10.1n a medium characteri zedtthz) aly=0V/ m. =Ca&l0g u lUatld
11. Obtain the expressi for energy stored in the magnetic field and also derive the expression for

magnetic energy densityl1 96104 (Nov
2013)

UNIT T V
ELECTROMAGNETIC WAVES

PART - A
1. Define a wave.

If a physical phenomenon that occurs at one place at a ginenis reproduced at other places at
later times , the time delay being proportional to the space separation from the first location , then the
group of phenomenon constitutes a wave.
2. Mention the properties of uniform plane wave.

The properties of ufarm plane wave are as follows:
1.At every point in space , the electric field E and Magnetic field H are perpendicular to each other and to
the direction of the travel.2.The fields vary harmonically with the time and at the same frequency, every
where inspace.
3. Each field has the same direction, magnitude and phase at every point in any plane perpendicular to the
direction of wave travel.
3. Write down the wave equations for E and H in adissipative ( free space ) medium.
WE W’H

= O; =0

D’E- meo— bH - me—;

4. Write down the wave equations for E and H in a conducting medium. (May 2012)
2 2
PE- m%- m%:o; PH - mé;t—';'- m%:o

5. Define plane wave.

If the phase of a wave is the same for all points on a plane surface ietslathe wave.
6. Define uniform plane wave.

If the phase of a wave is the same for all points on a plane surface it is called plane wave. If the
amplitude is also constant in a plane wave, it is called uniform plane wave.
7. What is the properties unifarplane wave? (Nov 201316)

1.At every point is space electric field (E) and magnetic field (H) are perpendicular to each other
and to the direction of travel. 2.The fields vary harmonically with time and at the same frequency,
everywhere in space .Bach field has the same direction, magnitudes and phase at every point in any
plane perpendicular to the direction of wave travel.
8. Define intrinsic impedance or characteristic impedance.



It is the ratio of electric field to magnetic field. Or It iethatio of square root of permeability to

oy . E m
permittivity of the medium. = ﬁ =./— Ohms
e
9. Calculate intrinsic impedance or characteristic impedance of free space. (Nov 2011)
E 40x10 7
=_ = ﬂ: Lﬂ:lzo' = 377 ohms
H e 8.854x10
10. Define propagation constant.

The propagation constant (2) is a complex numb
g=a+jb; where U is attenuation go{jwwEHiwe, b is pha
11. Define skin depth or deptti penetration. APRIL 2017

Skin depth or depth of penetration (0) i s def
attenuated to 1 / e or approximately 37% of its original value.

1 2
d=—= for good conductor.
a wmé

12. Define polarization.

Polarization is defined as the polarization of a uniform plane wave refers to the time varying
nature of the electric field vector at some fixed point in space.
13. Define linear p@arization.

If x and y component of electric field Ex and Ey are present and are in phase, the resultant electric

field has a direction at an angle of'fanEi) and if this angle is constant with time , the wave is said to
X

be linearlypolarized.

14. Define circular polarization.

If x and y component of electric field Ex and Ey have equal amplitude drpth&8e difference,
the locus of the resultant electric field E is a circle and the wave is said to be circularly polarized.
15. Ddine Elliptical polarization.

If x and y component of electric field Ex and Ey have different amplitude ahgtize
difference, the locus of the resultant electric field E is a ellipse and the wave is said to be elliptically
polarized.

16. Finetheskn dept h at a frequency of 2MHzlis Al uminum
Solution:

Given data: 0 = 38/ hflovsPom=2x2%168°. 2 x 10

For Good conductor, Skin depthd = 1 = 2 =\/ 2 - =5.758
a wWme 2ox2x10° XIx4ox10 ' x38.2x1.0°

x 10°m.

17. At what frequencies may €atmhlbahddodsi dered a

S _ . . . S
— =1This is the boundary line between dielectric and condueter<1

we we
s __ 6X10° _6x360d09d40° 10840 _,
we wx8.854x10 " 20k f

f=108 x 16 Hz.if frequencyis greater than 108MHz , it act as dielectric.
18.A uniform plane wave in free space is described by E =1008% Determine the frequency and
wave length.



E=100e 2 8 kp %ng; /=6m;f:76:—:50|v|Hz

19. Write Hel mholtz~6s equation.
D’E- PE=0;whereg=./jwns +jwe
20. Define Poynting vector. (M/J14)

The pointing vector is defined as rate of floe of energy of a \mavepropagates. It is the vector
product of electric field and magnetic field. P=E x H
21.Write down the expression for average power flow in electromagnetic field and average pointing
vector.

Vil
Average poweilWav =@COS¢7 , Average Poymhg vector Pav = 1/ 2Real part of [ E x H* ]

22 Write down the complex Poynting vector in rectangulaorciinates.
Px =% [ Ey Hz*- EzHy* ]
23. State Slepian vector.
Slepian vector is a vector which defined at every point such that its flux comiragf anty
volume is zero(P.S) = 0. Slepian vector is given b$ = Dx(BH)
Where,V is electric potential, H is magnetic field intensity.
24. State Poynting theorem. (Nov 2013)
The vector product of electric field intensity atygmint is a measure of the rate of energy flow
per unit area at that point. P=ExH
25. State Snell d6s | aw.
When a wave is travelling from one medium to another medium , the angle of incidence is related

. sing _ |h, _ |& o
to angle of reflection as follows. - = |1= /=2 =m=
g sing */hz Jel ( m=mz= )

Where g, is angle of incidencey, is angle of refractiorg, is dielectric constant of medium 1

e, is dielectric constant of mediu2

26. What is Brewster angle?
Brewster angle is an incident angle at which there is no reflect wave for parallel polarized wave.

q:tan‘l\/é
&

Where, g is dielectric constant of mediuma,, is dielectric constant of medium 2

27. Define Surface impedance.
Surface impedance is defined as the ratio of tangential component of electric field at the surface
of a conductor to the linear current density.

Zs= % = g; Where g is propagation constast is conductivity medium.
S

28. Write the expression for plane electromagnetic waves propagating in a dielectric media in a direction
X with respect to origin (0, 0, 0)
The equation for plane electromaguoetiaves propagating in a dielectric medium is given by
HZEV :iquy OR quy :iquy

utz /776|JX2 mz /776’|.1X2
29.In a time varying situation how do you define a good conductor and lossy dielectric ? Define loss
tangent of a medium.




S wms
For good conductor—>>1, a=»5b= > =/ bgfms

we
U and b are | arge i.e., the wave is attenuated gr
: L : . S S fm
For lossy dielectric, dielectric current becomes compéex, - €',—<<1,a :E — and
we e
b=w/me
o , e s
Loss tangent of the medium is definedtasid = — = —
e we

30.What do you meant by total internal reflection?

When a wave is incident from the denser medium to rarer medium at an angle equaé&teor gr
than the critical angle, the wave will be totally internally reflected back. This phenomenon is called Total
internal reflection.
31.Write the expression for pointing theorem in point form?

P =sE2+ I M om2 + 7]
2t
32. Write the expression for poing theorem in integral form?

- fp.ds= FpE’ +£ﬁ%£[nb-|2 + 7]
s v Mty 2 |t

33. Define normal incidence and oblique incidence.
Normal incidence: When a uniform plane wave incidences normally to the boundary between the media ,
then it is known as normal incidence.
Oblique inédence: When a uniform plane wave incidences obliquely to the boundary between the two
media, then it is known as oblique incidence.
34. Define standing wave ratio.
It is defined as the ratio of maximum to minimum amplitudes of voltage.

_1+g

_Elsmax
g = lsmax —
Eismin 1- |q

35.Define skin depth and its significance at low frequency and at very high frequency (micro wave
frequency) applications to conductors.

Skin depth or depth of penetration (0) is
been attenuatettd 1 / e or approximately 37% of its original value.

d= 1 = 2 for good conductod = b d U 1
a wm ¢ pgms f

For low frequency, the skin deptth is large. For High or microave frequency range, the skin depth
is small.

36.Define voltage reflection coefficient at the load end of the transmission (iNev 2011)

It is defined as the ratio of the magnitude of the reflected wave to that of the incalent w

37. Calculate the characteristics impedance of free space? (Nov 2012)
E
h=—-= ﬂ
H e
4px10°7
= le = 20" = 377 ohms
8.854x10

38.Whatisfi st anding wave rati od (Nov2012, M/J14) Kov 16)



It is defined as the ratio of maximum to minimum amplitudes of voltage.

S [ Eismax - 1+ |q

Elsmin 1- |q

39. Determine propagat. onr:q,l‘.’d;:&asrtchnlﬁ T Mldinkd ifatRd ntaot e r i
frequency is 1.6 Mhz.
Uu =¢ =70 d=1.25
40. The capacitance and inductance of an overhead transmission line are 0.0075uF/km and 0.8mH/km
respectively. Determine the characteristic impedance of the line.(N/D14)
The charactestic impedance of a transmission line is equal to the square root of the ratio of the line's

inductance per unit length divided by the line's capacitance per unit Ieﬂfrg\%z 326. 5¢q

41. If a plane wave is incident normally from med 1 to medium?2, write the reflection and transmission
co-efficients. (N/D14)

. - h, - . o - 2h .
Reflection Ceefficients Ep= —2—-= Ei, Transmission Cefficients Eg== —2/7 Ei,
2 1 2 1
42. Compare the equi potential plots of uniform and non uniform fields
43.What is the wavelength and frequency ofawavparqy at i on i n free space when

44 Find the velocity of a plane wave in a lossless medium a relative permittivity 2 and relative
permeability 1. APRIL 17)

PART 1 B

1. Derive the electromagnetic wave equation for electric fi€id113143
2. Derive tle electromagnetic wave equation for magnetic field'1 119143 (Nov 2013)
3. Obtain the electromagnetic wave equatiorctorducting and perfect dielectric mediufNov 2012)
(nov 16)(apr 15) T2 39430
4. Obtain the electromagnetic waeguation for free space in terms of magnetic fiell 396430
(Apr 17) )
5. A uniform plane wave propagating in a medium has EZ3ie(10%t ib z )Vam.If the medium is
characterlizelO byG¥3 mhos/m, Find U, b and H.
6. For the copper coaxial cable let a= 2 mm, b=6mm, and t=1mm, Calculate the resistance of 2m length of
the cable at dc and at 100 MHz.
7. How is powerf | ow referred by using Poynting vector?
significance. T2 396430 (Nov 2011) (May2012,15,17)
8. An EM wave travels in free space with the electric field component E=1(F°%"5? g,
V/ m. Determieend) dhe amadnetic field component <c¢c) The

9. Define Brewster angle and derive its expressi@i396430 (Nov 2013)

10.A6580 mhz uniform plane wave is propagating in a materis| medilif225. if the amplitude of th

electric field intensity of lossless medium is 500 v/m. Calculate the phase constant, propagation constant,
velocity, wavelength and intrinsic impedance. (Nov 16

11. A plane wave travelling in +z direction in free space (z<0) is normally incdder0 on a conductor

(z>0) for whi ¢h. The free8phce E waMShasma fréquency f=1.5MHZ and an amplitude

of 1 V/m at the interf acy@/miAnalysesthe gave andchpredigt magetic, t ) =1
wave H9zt) at z>0. (Nov1e)
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Answer ALL questions
PART -A (10%2=20 Marks)

1. Find the unit vector extending from the origin toward the point P(3, - 1, - 2).

2. Determine the electric field intensity in free space if D =30&, C/m?.

3. Mention the properties of electric flux lines.

4. State the electrostatic boundary conditions at the interface between two dielectrics.

5. What is the total force acting on a moving charge, Q in the presence of both
electric and magnetic fields.

6. Compare magnetic scalar potential and magnetic vector potential.

7. Define Reluctance and Permeability.

8. Distinguish between conduction and displacement currents.

. Mention the practical importance of ‘Skin depth’.

©

10. What is ‘Standing Wave Ratio’ ?



40992 11 ][]

pART-B (5x13=65 Marks)

11. 8 i) With neat diagrams, explaip, she spherical system with co-ordinates
(R. 8. 9 (6)
ii) Apply Coulomb’s law to fing tpe electric field intensity at any point P due

to a straight, umformly charged wire of linear charge density + A C/m.
The point P1s at a distance of n’ m above the wire. -

(OR)

b) i) Explain the divergence of a vector field and divergence theorem. )

ii) By mean of Gauss's law, determine the electric field intensity inside and
outside a spherical shell of ragius R. The shell contains a total charge
Q uniformly distributed over the surface. o

12. a) i) Two point charges — 4 uC and 5 uC are located at 2.~ 1,3) and (0, 4-9)
respectively. Find the potentig] at (1, 0, 1) assuming zero potential at
infinity.

ii) A parallel plate capacitor has g plate separation t. The capacitance with
air only between the plates is C. When a slab of thickness t/ and relative
permitivity ¢’ is placed on one of the plates, the capacitance is C' Show

(6)

that C__ <t
C @'+ (-tY M
(OR)
b) 1) Explain briefly the polarization in dielectrics. (6)
‘: u) Derive Laplace’s and Poisson's equations from Gauss’s law for a linear
1'| material medium. State the importance of these equations. (7
|

13. a) 1) By means of Biot-Savart's law, derive an expression for the magnetic field

intensity at any point on the line through the centre at a distance ‘h’ from

! the centre and perpendicular to the plane of a circular loop of radius ‘p’
and carrying current 1’ (6)

1) An iron ring, 0.2 m in diameter and 10 cm? sectional area of the core, is

uniformly wound with 250 turns of wire. The wire carries a current of

4 A. The relative permeability of iron is 500. Determine the value of self-
inductance and the stored energy. ()

(OR)

A2 TN LTS AT SRSE . AR






