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Course Overview:
Student will learn fundamentals of Electromagnetic waves from this 28-hour course. In this course, student will study the fundamental concepts and application of electromagnetic radiations. Also, they will study vector calculus, coordinate systems, maxwell’s equation and fundamentals of waveguide and antennas.
Course Outcomes:
	CO. NO.
	Cognitive Level
	Course Outcome 

	CO1
	Knowledge
	Define and recognize different co‐ordinate systems to describe the spatial variations of the    physical quantities.

	CO2
	Analysis
	Analyze fundamental laws governing electromagnetic fields and evaluate the physical quantities of electromagnetic fields.

	CO3
	Application
	 Student learn  to Maxwell’s equations apply electromagnetic theory to solve problems primarily in physics and electrical engineering.

	CO4
	Synthesis
	To synthesis time varying fields, propagation of electromagnetic waves in different media, pyonting theorem, their sources & effects and to apply the theory of electromagnetic waves in practical problems.

	CO5
	Evaluation
	To evaluate electric field and magnetic filed in space using gaussian theorem , amperes laws, maxwells equation .



Prerequisites:
1. Fundamentals of various orthogonal coordinate systems.
2. Must have completed the course on electrostatics and magnetostatics.
3. Student should be able to solve the problems of vector calculus.

Course Outcome Mapping with Program Outcome:
	Course Outcome 
	Program Outcomes (PO’s)

	CO. NO.
	Domain Specific 
	Domain Independent 

	
	PO1
	PO2
	PO3
	PO4
	PO5
	PO6
	PO7
	PO8
	PO9
	PO10
	PO11
	PO12

	CO1
	1
	2
	1
	2
	1
	0
	0
	0
	0
	0
	0
	0

	CO2
	2
	1
	2
	2
	1
	0
	0
	0
	0
	0
	0
	0

	CO3
	2
	2
	2
	1
	2
	0
	0
	0
	0
	0
	0
	0

	CO4
	2
	1
	1
	1
	2
	1
	1
	0
	0
	0
	0
	0

	CO5
	1
	2
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0

	1: Slight (Low) , 2: Moderate (Medium), 3: Substantial (High) 





Course Coverage Module Wise:
	Lecture No.
	Unit
	Topic

	1 
	1
	Review of Vector Calculus

	2 
	1
	Vector algebra- addition, subtraction, components of vectors, scalar and vector multiplications, triple products

	3 
	1
	Three orthogonal coordinate systems (rectangular, cylindrical and spherical). Vector calculus, differentiation, partial differentiation, integration

	4 
	1
	Vector operator del, gradient, divergence and curl; integral theorems of vectors. Conversion of a vector from one coordinate system to another

	5 
	2
	Static Electric Field:
Coulomb’s law, Electric field intensity

	6 
	2
	Electrical field due to point charges. Line, Surface and Volume charge distributions, Gauss law and its applications

	7 
	2
	Absolute Electric potential, Potential difference, Calculation of potential differences for different configurations

	8 
	2
	Electric dipole, Electrostatic Energy and Energy density

	9 
	3
	Conductors, Dielectrics and Capacitance:
Current and current density, Ohms Law in Point form

	10 
	3
	Continuity of current, Boundary conditions of perfect dielectric materials

	11 
	3
	Permittivity of dielectric materials, Capacitance, Capacitance of a two wire line

	12 
	3
	Poisson’s equation, Laplace’s equation, Solution of Laplace and Poisson’s equation, Application of Laplace’s and Poisson’s equations

	13 
	4
	Static Magnetic Fields:
Biot-Savart Law, Ampere Law

	14 
	4
	Magnetic flux and magnetic flux density

	15 
	4
	Scalar and Vector Magnetic potentials

	16 
	4
	Steady magnetic fields produced by current carrying conductors

	17 
	5
	Magnetic Forces, Materials and Inductance:
Force on a moving charge, Force on a differential current element, Force
between differential current elements

	18 
	5
	Nature of magnetic materials, Magnetization and permeability

	19 
	5
	Magnetic boundary conditions

	20 
	5
	Magnetic circuits, inductances and mutual inductances

	21 
	6
	Time Varying Fields and Maxwell’s Equations

	22 
	6
	Faraday’s law for Electromagnetic induction, Displacement current

	23 
	6
	Point form of Maxwell’s equation, Integral form of Maxwell’s equations

	24 
	6
	Motional Electromotive forces. Boundary Conditions.

	25 
	7
	Electromagnetic Waves:
Derivation of Wave Equation, Uniform Plane Waves

	26 
	7
	Maxwell’s equation in Phasor form, Wave equation in Phasor form, Plane waves in free space and in a homogenous material.

	27 
	7
	Wave equation for a conducting medium, Plane waves in lossy dielectrics

	28 
	7
	Propagation in good conductors, Skin effect, Poynting theorem




TEXT/REFERENCE BOOKS
1.	Electromagnetic Field Theory, Sadiku, Oxford.
2.	Principles of Electromagnetics, Mahapatra, TMH.
3.	Electromagnetic Field Theory and Transmission Lines, Rao, Wiley
Teaching and Learning resources:
· MOOC (NPTEL): - https://nptel.ac.in/courses/117/101/117101056/
                                   
Assessment Methodology:
1. Practical exam using lab instruments. 
2. Two Midterm exams where student have to showcase subjective learning.
3. Final Exam (subjective paper) at the end of the semester. 
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PART-C

Descriptive/Analytical/Problem Solving/Desi uestion [2x15=30]

Attempt any two questions

Q.1 Amanufactures produces a ferrite material with ju = 750 po, € = 5 €g,and ¢ = 1076s/m

at 10 MHz - [1s)
(a) Would you classify the material as lossless, lossy, or conducting?
(b) Calculate § and A.
(c) Determine the phase difference between two points separated by 2m.
(d) Find the intrinsic impedance.
Q2 (a) What is uniform plane waves? Show that the field in the uniform plane wave is
independent of two dimensions. (81
(b) What is the continuity equation? Derive it from the basics and describe all its
forms. 71
Q.3 (a) Derive the expression for the field intensity due toa circular sheet charge and then
extend it to find the field due to an infinite plane sheet charge. 18]
(b) Determine the value of electric flux density from a uniformly charged sphere and

sketch the D versus 1. ]
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274 Year - III Semester: B.Tech. (Electrical Engineering)
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Credit: 2 Max. Marks: 100 (IA:20, ETE:80)
2L+0T+0P End Term Exam: 2 Hours
SN CONTENTS Hours

1. | Review of Vector Calculus

Vector algebra- addition, subtraction, components of vectors, scalar and
vector multiplications, triple products, three orthogonal coordinate
systems (rectangular, cylindrical and spherical). Vector calculus 4
diffcrentiation, partial diffcrentiation, intcgration, vector opcratordel,
gradient, divergence and curl; integral theorems of vectors. Conversion
ol a veelor from one coordinale system fo another.

2. | Static Electric Field

Coulomb’s law, Electric field intensity, Electrical field due to point
charges. Line, Surface and Volume charge distributions. Gauss law and
its applications. Absolute Electric potential, Potential difference,
Caleulation of potential differences for different configurations. Eleetric
dipole, Elcctrostatic Encrgy and Encrgy density.

3. | Conductors, Dielectrics and Capacitance

Current and current density, Ohms Law in Point form, Continuity of
current, Boundary conditions of perfeet diclectric materials. Permittivi
of d ric materials, Capacitance, Capacitance :
Poisson’s cquation, Laplace’s cquation, Solution of Laplace and
Poisson’s equation, Application of Laplace’s and Poisson’s equations.

4. | Static Magnetic Fields

Biot-Savart Law, Ampcrc Law, Magnctic flux and magnctic flux density,
Scalar and Vector Magnctic potentials. Stcady magnctic ficlds produccd
by current carrying conductors.

5. | Magnetic Forces, Materials and Inductance

Force on a moving charge, Force on a differential current element, Force
between differential current elements, Nature of magnetic materials, 4
Magnetization and permeability, Magnetic boundary conditions,
Magnctic cirenits, inductances and mutual inductances.

6. | Time Varying Fields and Maxwell's Equations
Faraday's law for Electromagnetic induction, Displacement current,

Point form of Maxwell's equation, Integral form of Maxwell’s equations, 4
Motional Elcctromotive forecs. Boundary Conditions.
7. | Electromagnetic Waves
Derivation of Wave Iquation, Uniform Plane Waves, Maxwell’s equation
in Phasor form, Wave equation in Phasor form, Plane waves in tree space 4

and in a homogenous material. Wave equation for a conducting
medium, Planc waves in lossy diclectrics, Propagation in  good

conductors, Skin cffcct. Poynting theorcm,
Raissthan Tash g !éﬁ&: 28
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Time: 2 Hours

Maximum Marks: 80
Instructions 1o Candidates-
Attempt qly five questions from Part A, four questions out of six questions Sfrom
Part B and wo questions oyt of three from part C.

ver necessary, Any data you feel

missing may suitably be assumeqd and stated clearly. Units of quantities

used /calculated mus¢ be stated clearly,
Use of Jollowing Supporting  marerial s permitted during examination,
(Mentioned in form No. 205)

L NIL

2. NIL !
_

PART - A

Answer should be given up o 25 words only) [5x2=10}

All questions are compulsory

Q.1 Find the unit vector along the line joining point 2, 4,4) 10 point -

3,2,2). 12)
Q2 Express the following points in cylindrical coordinates : 2
@) P(1,-4,-3)
®’ Q30,5
Q.3 State Gauss’s law. 2]
Q4 State Biot Savart's law. 12)
Q5 Write down Maxwell's equations for time ~ varying fields. 2)
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PART-B

(Analytical/Problem solving questions) [dx10=40)
Attempt any four questions

Q.1 (a) State the gradient, divergence and cur] theorems along with their implications, (51

(b) Check the stock’s theorem for the function — 5]

F=xy&+2yz$+ 32x2 Using a triangular area whose corners arc located at
(0,0.0),(0,2;0) and (0, 0, 2)

Q.2 (a) Derive an equation for calculating the capacitance of a coaxial cable. [5]
(b) Writc short note on method of Images. 5]
Q.3 In free space, the magnetic flux density is — [10]

B= y?ax+ z?ay+ x? az wh/m?
(a) Show that B is a magnetic field.
(b) Find the magnetic flux throughx = 1,0<y< 1, kz<4.
(c) Calculate J. http://www.rtuonlinc.com :
Q. erive the expression for attenuation constant & phase constant for Lossy dielectric that
s>, . e [10]

Q.5 State and explain Ampere’s Law. A solid cylindrical conductor of radius R has a uniform
current density. Derive expression for H both inside and outside of the Conductor. Plot

the variation approximately of H as a function of radial distance from the Centre

of wire. [10]
Q.6 Derive modified Maxwell’s equation as — (10]
=28
VxE= -3¢
=+ 22
VxH=]+ 7t
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